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Abstract. Prey animals employ masquerade to avoid recognition by visual predators by developing a resemblance to inedible
objects in their environment. Phytophagous flea beetles seem to resemble models of their own manufacture. While feeding they
cause light- or dark-coloured hole-like damage on the leaves of their host plants that resembles the beetle’s body in colour and
size. Resemblance to the model and the frequency of the model can influence the efficiency of masquerade. To examine mas-
querade efficiency in light- and dark-coloured beetles, we evaluated their survival benefits from resembling feeding damage in the
field. This was done by using two species of beetle of different colour as prey and a jumping spider as the predator. Dark-coloured
species were more likely to avoid predation when they were placed on a background with damage similar in colour to their body,
whereas increased survival was not recorded for light-coloured species. The extent of the feeding damage of 34 light- and dark-
coloured species of beetle was compared. Variation in the extent of the damage was associated more with host plant taxa than
beetle body colour. These results indicate that the efficiency of masquerade can vary among beetle species and/or phenotypes.

INTRODUCTION

Animals use various forms of camouflage to avoid de-
tection or recognition by visual predators (Merilaita et al.,
2017; Ruxton et al., 2018; Cuthill, 2019). Masquerade is
a form of camouflage in which the prey mimics innocu-
ous and inedible objects in the environment (e.g., twigs,
leaves, stones or bird droppings) and their predators do not
identify them as prey (Skelhorn et al., 2010a; 2015). The
similarity of prey to these models (e.g., in colour, size, and
shape) is an important factor in the efficiency of masquer-
ade (Skelhorn et al., 2010b; Skelhorn & Ruxton, 2013).
In addition, the frequency of the occurrence of model and
mimic also influences predation risk for mimics (Skelhorn
et al., 2011; Ren et al., 2018). Therefore, the efficiency of
masquerade can be improved in at least two ways, by en-
hancing resemblance to models and/or increasing relative
frequency of the model. Feeding damage to plant leaves is
a common feature in the environment of animals living on
leaf surfaces. Phytophagous insects may create or modify
the appearance and frequency of feeding damage, so they
are an ideal model system for examining the above-men-
tioned processes determining the efficiency of masquerade.

Flea beetles (Coleoptera: Chrysomelidae: Galerucinae:
Alticini) (600 genera and 9900 species) are the most spe-
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cies-rich group within the Chrysomelidae (Konstantinov,
2016). Adult flea beetles are vulnerable to various visual
predators including jumping spiders (Freed, 1984; Riechert
& Bishop, 1990), frogs (Turner, 1959; Freed, 1982), and
birds (Lack & Owen, 1955; Owen, 1955; Campbell, 1998;
Whitehead, 1991). The feeding damage of flea beetles
looks like holes, scrapes or trenches in the leaf surface. It
can be classified into two ways: light-coloured damage,
which are scrapes in the upper epidermis and only a part
of the mesophyll and are a pale colour when dry; and dark-
coloured damage, which are holes in a leaf and appear dark
because of the dark background. A resemblance between
the flea beetles and their feeding damage was recently re-
ported: light-coloured and dark-coloured beetles tend to
make light-coloured and dark-coloured damage, respec-
tively (Konstantinov et al., 2018, Folgar-Cameén et al.,
2021). The similarity between the beetle’s body and feed-
ing damage is interpreted as an example of masquerade
in which beetles mimic the damage they cause to leaves
(Konstantinov et al., 2018).

Covariation in the appearance of the beetles and their
feeding damage may result from two masquerade-depend-
ent processes (Folgar-Camedn et al., 2021). In most exam-
ples of masquerade, there are morphological and/or physi-
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Fig. 1. Body colour and feeding patterns of adult flea beetles. Light- or dark-coloured spots on leaves are the feeding damage caused by
flea beetles. (a) Light-coloured species Longitarsus bimaculatus on the lower surface of a leaf of its host plant. (b) Dark-coloured species
Aphthonaltica angustata on the lower surface of a leaf of its host plant. (c) Ligustrum japonicum leaves (upper surface) with light-coloured
feeding damage created by L. bimaculatus. (d) Akebia quinata leaves (upper surface) with dark-coloured feeding damage caused by A.
angustata.

ological constraints exerting a selective pressure for the
beetle to damage leaves in a specific way (Folgar-Cameéan
et al., 2021). In addition, the tissue characteristics of the
leaves of their host plants may constrain the appearance of
feeding damage, exerting a selection favouring the survival
of beetles that are of similar colour and size to the feeding
damage (Folgar-Cameén et al., 2021). Evolutionary inter-
action between phytophagous beetles and their host plants
may drive and/or constrain the evolution of body colour
and feeding behaviour of the beetles, generating variation
in the efficiency of masquerade in different species and/
or phenotypes of beetles. For example, light- and dark-
coloured species of beetles may differ in the efficiency of
masquerade. Species with relatively low efficiency of mas-
querade due to low similarity with their feeding damage
may offset this by increasing the frequency of the damage
they do to host plant leaves. In summary, masquerade in
flea beetles is hypothesized to (1) increase the survival of
beetles on leaves with similar feeding damage, and pos-
sibly (2) cause a quantitative difference in the frequency of
feeding damage between beetle phenotypes.

doi: 10.14411/eje.2024.031

In this study we test two hypotheses. First, we test if the
colour resemblance between the beetle and feeding dam-
age improves the survival of the beetle, based on a preda-
tion experiment using an artificial leaf background and a
jumping spider as a predator. Second, we examined if the
frequency of feeding damage differs between light- and
dark-coloured beetles, by a comparative analysis of the
feeding damage of 34 species. This is followed by a dis-
cussion on the variation in the efficiency of masquerade in
the different beetle species and phenotypes.

MATERIALS AND METHODS

Choice of prey and predators for predation experiment

Adults of two species of flea beetles, Longitarsus bimaculatus
(Baly) and Aphthonaltica angustata (Baly), were used in the pre-
dation experiments as representatives of light- and dark-coloured
prey, respectively. Longitarsus bimaculatus is 2.0 £ 0.1 mm
(mean + SD, N = 10) in length (from the tip of head to the end of
elytra), with the dorsal surface of the head, pronotum, and elytra
light brown with a pair of small dark spots on the elytra in some
individuals (Fig. 1a). In contrast, the dorsal surface of 4. angus-
tata is dark blue and its length is 2.5 = 0.2 mm (N = 10) (Fig.
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1b). Feeding damage of L. bimaculatus tends to consist of light-
coloured scrapes on leaves of Ligustrum spp. (Oleaceae) (Fig.
1¢), whereas A. angustata almost always creates dark-coloured
feeding damage on leaves of its host plant, Akebia spp. (Lardiza-
balaceae) (Fig. 1d). The feeding damage in this case consists of
relatively small, isolated holes, but with some holes merging with
one other and occasionally including a larger area of leaf, result-
ing in a feeding damage similar in size to that of the beetle. Both
species were observed in the field on both the upper and lower
surface of leaves.

Jumping spiders of the family Salticidae are visual predators
that feed on flea beetles (Freed, 1984; Riechert & Bishop, 1990).
They can perceive a wide range of colours. The anterior median
eye of Menemerus confusus has four types of visual cells with
different maximum sensitivity to wavelengths ranging from 360
to 580 nm (Yamashita & Tateda, 1976), and Hasarius adansoni
is able to discriminate between blue, green, yellow and red pa-
pers mainly by their hue (Nakamura & Yamashita, 2000). Adult
females and males of the jumping spider Evarcha albaria, a very
common species in Japan (about 7 mm in body length; Suguro,
2017), was used as the predator in our experiments. Evarcha
albaria inhabits almost the same strata of vegetation as the flea
beetles. Jumping spiders can attack immobile prey (Jackson &
Tarsitano, 1993). In the laboratory E. albaria attacked living and
dead adults of L. bimaculatus and A. angustata, but did not con-
sume them if they were dead.

Flea beetles and jumping spiders were collected from May to
June 2021 in Nishinomiya and Kobe, Hyogo Prefecture, Japan.
Collected beetles were frozen at —20°C until the experiment to
keep them fresh. Collected spiders were kept in an incubator at
20°C with adults of small Heteroptera as food, and starved for at
least two days before the experiment.

Preparation of the visual background

To standardize the visual background in the predation experi-
ment, the visual patterns of leaf surfaces were artificially repro-
duced based on the features of real leaves and feeding damage.
Feeding-damaged leaves of the host plants Ligustrum japonicum
and Akebia quinata were collected from the same localities as
the beetles and scanned, with their colour measured using Nat-
sumushi software (Tanahashi & Fukatsu, 2018). RGB values
(i.e., red, green, and blue) for leaf colour were obtained from 20
scanned leaf images for each species of plant, 10 of which were of
the upper surface and 10 of the lower surface. Mean RGB values
based on 40 leaf images, excluding damaged areas (R =94, G =
111, B = 66), were used for the common background leaf colour
in order to exclude the effect of differences in leaf colour on bee-
tle survival. The colour of light-coloured damage was measured
in the same way using 20 scanned images of L. japonicum leaves,
10 of which were of the upper surface and 10 of the lower surface
(mean RGB values, R = 155, G = 137, B = 108). Although the
colour of dark-coloured damage is dependent on environmental
factors such as exposure to the sun and the colour of ground sur-
face, most of them appear black (Fig. 1b, d). Therefore, the colour
of dark-coloured damage was assumed to be black (R =0, G=0,
B =0) as seen in the field. To determine the shape of feeding dam-
age four samples of each type were selected and the outlines re-
corded in the form of digital images. The size of feeding damage
was adjusted to 1.5-2.5 mm, which is close to or slightly smaller
than the body size of the beetles recorded in the field. Percentage
of the area damaged by feeding was calculated using the mobile
application LeafByte (Getman-Pickering et al., 2019) (2.6 £ 2.1%
for light-coloured damage on leaves of L. japonicum, N =10; 3.1
+ 1.6% for dark-coloured damage on leaves of A. quinata, N =
10). Based on these measurements, outlines of feeding damage
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were coloured light or dark and scattered arbitrarily on about 3%
of the area of a background of the common leaf colour. Some of
the outlines of feeding damage partially overlapped as observed
on leaves in the field. Background images were printed on high-
quality mat paper using a printer (Canon; PIXUS MG5130).

Predation experiment

The survival of beetles on different backgrounds were record-
ed. Four experimental treatments, consisting of two species of
beetle (light- and dark-coloured species) and two types of back-
ground (light- and dark-coloured damage on leaves of the same
colour) were used, in a total of 162 trials (light-coloured beetle
on light-coloured damage, N = 41; light-coloured beetle on dark-
coloured damage, N = 38; dark-coloured beetle on light-coloured
damage, N = 41; dark-coloured beetle on dark-coloured damage,
N = 42). Thirty-two jumping spiders were used as predators, and
31 and 30 individuals of the light- and dark-coloured frozen prey,
respectively, were used in these experiments. The combination of
spider and beetle was fixed for each individual beetle, used up to
4 times, with an interval of at least 24 h between trials. Spiders
were arbitrarily assigned to different treatments. Repeated use of
a combination of beetle and spider was taken into account in the
analysis (see below).

Petri dishes (85 mm in diameter and 20 mm in height) with in
each case a particular background paper on the bottom were used
as the experimental arenas. The frozen beetles were thawed im-
mediately before the experiment, and one beetle was placed on
the background paper with its dorsal surface facing up, not over-
lapping with the damage areas, together with one spider under
laboratory conditions (20-25°C and fluorescent light). Petri dish-
es were placed within a cylinder of white paper (90 mm in diam-
eter and 25 mm in height) to reduce the effect of external visual
stimuli. Because beetles were dead, spiders could not recognize a
beetle as prey by taking a cue from its motion. Spiders could walk
freely on the bottom (i.e., at the same level as the prey), sides
and top of the arena, and therefore they could visually inspect
prey from various angles. This experiment was carried out during
daytime and was recorded for 60 min (starting within 1 min of
the introduction of a spider) using a digital video recorder (DMX-
CA100; SANYO). Since the spider started walking immediately
after being introduced, the spider’s placement in the arena at the
start of the experiment was random. The time from the start of the
experiment to the first attack by the spider was recorded. Position
of the spider in the arena just before attacks was also recorded
in order to determine whether the angle at which a spider views
a beetle affects its survival. An attack was defined as the spider
jumping and holding the beetle.

Our hypothesis that the efficiency of masquerade in terms of
the frequency of attacks and the time to the attack by a spider is
lower and longer, respectively, for beetles on a leaf with feeding
damage similar to their body colour was tested using a general-
ized linear mixed model (GLMM) with a binomial distribution,
which was fitted for attack frequencies using the g/mer function
in the /me4 package (Bates et al., 2015) in R 3.6.3 (R Core Team,
2020). Prey survival may also be influenced by the sex of the
spider because in some species of jumping spiders prey size pref-
erence differs between sexes (Givens, 1978; Li & Jackson, 1996;
Lietal., 1997). Therefore, type of background (i.e., light- or dark-
coloured damage) and spider sex were used as independent vari-
ables, and prey survival (i.e., attacked or not) was the dependent
variable. The ID of the combination of a predator and a prey was
included as a random effect to correct for the repeated use of a
particular combination. In addition, for the time to attack, the sur-
vival analysis was done using the survreg function in the R pack-
age survival (Therneau, 2015). Background type and spider sex
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Table 1. Flea beetles and host plants used to compare the frequency of the damage caused by different types of feeding. * Beetle species
whose colour does not closely resemble the colour of their feeding damage. TBeetle species that were included in the small dataset for
model 2 used in the comparative analysis.

Beetle colour Beetle species Region Host plant species No. of leaves examined
Aphthona bombayensis India Phyllanthus sp. (Phyllanthaceae)
Chanealtica cuevas*t Bolivia Tecoma stans (Bignoniaceae)

Chilocoristes sp. India Smilax sp. (Smilacaceae)
Epitrix sp.1 Jamaica not known
Gioia sp.1 Panama not known
Gioia sp.2 Panama not known

Haemaltica sp. India Memecylon sp. (Melastomataceae)

Heikertingerella sp.1t

Dominican Republic

Tecoma stans (Bignoniaceae)

2

3

1

1

2

1

1

1

Light Hyphasis sp.t India Thunbergia sp. (Acanthaceae) 1
Letzuella ornata* China Scrophulariaceae gen. et sp. 1
Letzuella sp.t China Buddleja sp. (Scrophulariaceae) 3
Longitarsus bimaculatus® Japan Ligustrum japonicum (Oleaceae) 22
Longitarsus nr. pratensis Turkey Plantago sp. (Plantaginaceae) 1
Nesaecrepida rufomarginata Jamaica Psidium guajava (Myrtaceae) 1
Nesaecrepida sp. Puerto Rico Prosobis sp. or Vachellia sp. (Fabaceae) 3
Philopona decemaculatat India Chionanthus sp. (Oleaceae) 1
Yingaresca varicornist Puerto Rico Cordia poss. sulcata (Boraginaceae) 2
Acallepitrix sp.1* Panama not known 1
Acallepitrix sp.2 Panama not known 3
Altica sp.1 USA Epilobium sp. (Onagraceae) 2

Altica sp.2 Turkey Rumex scutatus (Polygonaceae) 4
Aphthonaltica angustata Japan Akebia quinata (Lardizabalaceae) 30
Batophila olexai Turkey Alchemilla sp. (Rosaceae) 1
Diphaulaca sp.t Bolivia Urticaceae gen. et sp. 3
Epitrix sp.2 Panama not known 1

Dark Heikertingerella sp.2* Panama not known 1
Heikertingerella sp.3 Panama not known 1
Hemiglyptus basalis* USA Hydrophyllum sp. (Boraginaceae) 1
Hemipyxis sp.t India Andrographus tropurpurea (Acanthaceae) 1
Longitarsus audisioit Turkey Symphytum asperum (Boraginaceae) 2
Longitarsus sp.* USA Urtica sp. (Urticaceae) 1
Normailtica obrieni* Puerto Rico poss. Thelypterys (Thelypteridaceae) 1
Sphaeroderma sp.t China Urtica sp. (Urticaceae) 2
Xuthea yunnanicat China Girardinia sp. (Urticaceae) 1

were independent variables, and time to attack was the dependent
variable. The ID of the combination of predator and prey was
included as a random effect. Log-normal distribution was chosen
based on the Akaike information criterion (AIC).

Comparative analysis of the extent of feeding damage
recorded in the field

To assess the variation in the extent of feeding damage caused
by species of beetles with differently coloured bodies, the feed-
ing damage on leaves of the host plant of 34 species of beetle
were compared (Table 1). Beetles were identified using standard
references and the collection housed at the National Museum of
Natural History, Smithsonian Institution. Host plant leaves from
the same locality for each beetle species were used. Except for
scanned images of Ligustrum japonicum (30 leaves) and Akebia
quinata (22 leaves) used in the predation experiment, images
of damaged foliage on which beetles were present (one to four
leaves of mature individuals for each plant species) were taken
in the field from above at the time of observation. This treatment
did not include leaves without feeding damage. In total, images
of 103 leaves (47 for light-coloured beetles and 56 for dark-col-
oured beetles) were used. Total leaf area including damaged areas
was calculated using ImageJ version 1.53a (National Institute of
Health, available at https://imagej.nih.gov/ij). Body length of a
beetle was used as a scale in the field images. If a whole leaf did
not fit in an image, the number of holes and leaf area was meas-
ured within the image.

To determine whether the extent of feeding damage differed
between beetle species with different body colours, GLMM
(model 1) with a Poisson distribution was fitted to the results for
feeding damage using the g/mer function in the R package Ime4
(Bates et al., 2015). Beetle body colour (i.e., light or dark) and
the number of feeding damages on a leaf were used as independ-
ent and dependent variables, respectively. Log-transformed leaf
area was included as an offset term to control for the variation in
leaf size. To address phylogenetic constraints, beetle species and
genera were used as nested random effects because a phylogeny
including all beetle species used in this study was unavailable.
In addition, the possibility that the property of leaves may differ
among host plant taxa and influence the evolution of masquerade
was determined. To do this, host plant family was added to model
1 as an independent variable (model 2). To improve the fit of the
model, singleton plant families corresponding to only one spe-
cies of beetle and unknown host plants were excluded, resulting
in a relatively small dataset for model 2 (45 leaves from 6 plant
families: 34 for light-coloured beetles and 11 for dark-coloured
beetles, as shown in Table 1).

RESULTS

Predation experiment

Contrary to the prediction, light-coloured beetles were
attacked by spiders at similar rates on the different back-
grounds: 31.7% (N = 41) on the background with light-
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Fig. 2. Survival curves of light-coloured prey (a) and dark-coloured prey (b) on two types of background. Gray and black lines indicate
backgrounds with light-coloured damage and dark-coloured damage, respectively.

coloured damage and 26.3% (N = 38) on the background
with dark-coloured damage (likelihood ratio test: y*> =
0.736, df = 1, P = 0.391). No significant difference in the
attack frequency between spider sexes was recorded for
light coloured beetles (likelihood ratio test: ¥> = 3.179, df
=1, P = 0.075). There was also no significant difference
in the time to attack on different types of background for
light-coloured beetles (survival model: z=1.35, P=10.179,
Fig. 2a), whereas they were attacked by male spiders in
a significantly shorter time (survival model: z = -2.31, P
= 0.021). In contrast, as expected, dark-coloured beetles
were less frequently attacked by spiders on the background
most similar to their body colour: 65.9% (N = 41) on the
background with light-coloured damage and 42.9% (N =
42) on the background with dark-coloured damage (likeli-
hood ratio test: y> = 4.359, df = 1, P = 0.037). Dark-col-
oured beetles were attacked significantly more frequently
by male spiders (likelihood ratio test: x> = 10.258, df =1,
P =0.001). Time to attack was longer on the background
with dark-coloured damage than that with light-coloured
damage (survival model: z =3.80, P < 0.001, Fig. 2b), and
they were attacked by male spiders in a significantly short-
er time (survival model: z=-2.51, P=0.012).

Many spiders attacked prey when they were on the same
plane as the beetle (i.c., the bottom of the experimental
arena), whereas some attacked from above (i.e., the top of
the experimental arena). The incidence of spiders attack-
ing light-coloured beetles on the bottom of the arena with
a background of light-coloured damage was 76.9% (N =
13) and on a background with dark-coloured damage was
100% (N = 10). Similarly, the incidence of spiders attack-
ing dark-coloured beetles on the bottom of the arena on
a background of light-coloured damage was 88.9% (N =
27) and on a background with dark-coloured damage was
77.8% (N = 18).

Comparative analysis of feeding damage

The density of feeding damage varied between species
of beetles. For most species it was low to moderate (<10
cm2), whereas some species, such as Letzuella sp., it was
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relatively high (> 15 cm™) (Fig. 3). The analysis of data for
103 leaves, using model 1 that included beetle body col-
our as the independent variable, revealed that the number
of feeding damages caused by light-coloured beetles was
greater than that by dark-coloured beetles (likelihood ratio
test: > = 12.670, df = 1, P < 0.001). However, the analy-
sis of the data from 45 leaves using model 2 that included
beetle body colour and host plant family as independent
variables, revealed that the effect of beetle body colour was
not significant (likelihood ratio test: x> =2.999, df =1, P=
0.083), whereas there was a significant effect of host plant
family (likelihood ratio test, x> = 16.690, df =5, P=0.005).

o |
o &
|
=
A
z
2]
2 8-
o
[}
S v | .
<c
= I
s .
T o | '
— 1
& | e
Bln— %
2 3 "
- S0 \%‘
| T
Light Dark

Fig. 3. Number of per leaf area (density) for light- and dark col-
oured beetles. Gray and black points indicate leaves damaged by
light-coloured beetles (N = 47) and dark-coloured beetles (N = 56),
respectively. The bold line in the middle of the box, the line above
the box, and the line below the box indicate the median, third quar-
tile point, and the first quartile point, respectively. Beetle and plant
species used are listed in Table 1.
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DISCUSSION

The result of the predation experiment showed that dark-
coloured beetles were more likely to be attacked when they
are placed on a background with light-coloured damage
than with dark-coloured damage (Fig. 2b), as predicted by
the hypothesis. However, no significant difference in the
efficiency of masquerade was recorded for light-coloured
species (Fig. 2a). This could be because the light-coloured
species L. bimaculatus does not closely resemble its feed-
ing damage, as its feeding damage appears to be slightly
lighter than their bodies (Fig. 1a). There are possible rea-
sons for poor resemblance: body colour similar to feeding
damage is unlikely due to developmental and/or genetic
constraints, or light-coloured species resemble multiple
models (Kikuchi & Pfennig, 2013). For example, brown
spots on diseased leaves of Ligustrum plants (e.g., Yoshi-
kawa & Yokoyama, 1992; Liao et al., 2023) may be an-
other model. However, some light-coloured species (e.g.,
Letzuella sp. and Nesaecrepida rufomarginata) are likely
to resemble their own feeding damage more than others
(cf., photographs in Konstantinov et al., 2018), at least to
the human eye, which could hinder predation.

Despite the fact that in the current experiments the dark-
coloured beetles survived probably due to masquerade,
nevertheless they are vulnerable to attack by the preda-
tor under certain conditions. Jumping spiders attacked
light- and dark-coloured beetles mainly from the side in
this study, even though they could freely walk around in-
side the experimental arena. This suggests that the angle at
which the predator views a beetle may be one of the factors
influencing the beetle survival. Whereas jumping spiders
search for close by prey on the same plane, large predators,
such as birds, usually search for distant prey from above.
Although masquerade is generally effective even at close
range (Skelhorn et al., 2010b), flea beetles that mimic flat
models are likely to be recognized by predators when they
are viewed from the side due to their convex shape. There-
fore, beetles may be more easily recognized as prey by spi-
ders than birds. Further research is needed to determine
whether flea beetle masquerade is as effective when they
are confronted by other predators.

In the comparative analysis, model 1 indicated that the
feeding by light-coloured beetles resulted in a greater
number of damages than that by dark-coloured beetles.
However, model 2, which took host plant taxa into account
revealed no difference. Taking these results into considera-
tion, the variation in the extent of feeding damage caused
by the different species of beetle was more likely to be
influenced by host plant taxa than beetle body colour. A
possible reason for this may lie in the plant defences that
have evolved in the arms race between herbivores and
their host plants (Ehrlich & Raven, 1964). Specialized leaf
morphology or chemical compounds as a defence against
herbivores may influence the extent of feeding damage, re-
sulting in the variation in the efficiency of masquerade in
different species of beetles.

This study provides evidence that the efficiency of mas-
querade in flea beetles as defence against jumping spiders
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varies depending on the species and/or phenotype of flea
beetles. However, many other factors could influence the
efficiency of masquerade. For example, the specific feed-
ing style of herbivorous insects may induce plant structural
defences (Traw & Dawson, 2002) or their feeding damage
is a cue for predators searching for prey (Heinrich & Col-
lins, 1983), which may result in trade-offs in terms of the
efficiency of masquerade. Moreover, there is no evidence
that predators misidentify beetles as their feeding damage.
To demonstrate that beetle avoids predation through misi-
dentification by predators, further experiments, in which
the predator’s experience with models is manipulated, are
needed. There is also insufficient evidence that a similar
appearance of a beetle to its feeding damage is an adap-
tation. Phylogenetic comparative analyses of masquerade
based on several flea beetle lineages are needed in order to
confirm that it is an adaptation. These studies will improve
our understanding of the diversity of animal traits related
to masquerade.
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