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Interference coloration as an anti-predator
defence
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2School of Life Sciences, University of Lincoln, Riseholme Park, Lincoln LN2 2LG, UK

Interference coloration, in which the perceived colour varies predictably with

the angle of illumination or observation, is extremely widespread across

animal groups. However, despite considerable advances in our understanding

of the mechanistic basis of interference coloration in animals, we still have

a poor understanding of its function. Here, I show, using avian predators

hunting dynamic virtual prey, that the presence of interference coloration

can significantly reduce a predator’s attack success. Predators required more

pecks to successfully catch interference-coloured prey compared with other-

wise identical prey items that lacked interference coloration, and attacks

against prey with interference colours were less accurate, suggesting that

changes in colour or brightness caused by prey movement hindered a

predator’s ability to pinpoint their exact location. The pronounced anti-

predator benefits of interference coloration may explain why it has evolved

independently so many times.

provided by University of Lincoln Institutional R
1. Introduction
Interference coloration, in which the perceived colour and brightness varies

predictably with the angle of illumination or observation [1], is extremely wide-

spread across animal groups, having evolved independently several times in

insects such as beetles and butterflies, as well as in some birds, fish, reptiles

and cephalopods, and at least one mammal [2–4]. However, despite widespread

interest in the mechanisms underlying the production of interference colours in

animals [5], its function is still unclear [3]. It has been suggested, for example,

that because interference colours are often visually striking they may function

in sex or species recognition, or have evolved as sexually selected signals

[2,5–8]. Alternatively, the structures that produce interference coloration may

also have non-communicative functions such as enhancing water repellence, fric-

tion reduction or thermoregulation, and may even alter light reaching the retina

and so play a role in vision [2,9,10]. A further role of interference coloration

may be as an anti-predator mechanism [2].

Although interference colours often exhibit conspicuous changes in colour

and brightness when observed outside their natural context, some forms of inter-

ference colour have been suggested to have an anti-predator function by allowing

animals to appear cryptic against their background [11–14]; for example, the most

common interference colour in beetles is green [11,13]. However, animals with

interference colours that contrast sharply with the background would seem

poorly adapted for crypsis, leading to the suggestion that such colours may func-

tion as an aposematic signal [15,16] or as an active anti-predator mechanism

[17,18]. In particular, interference colours can produce bright flashes of colour

or sudden changes in brightness that might briefly startle a potential predator

and thereby increase the prey’s probability of escape [17], or because move-

ment-induced changes in colour or brightness may hinder a predator’s ability

to pinpoint the prey’s exact location in an attempted strike [18]. Such mechanisms

have been proposed as a function of interference colour in beetles [15,19–21], but-

terflies [22], birds [2] and fish [23]. However, whether having interference
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coloration decreases the chance of predation for mobile prey

has never been empirically tested. Here, I experimentally

tested this using Japanese quail (Coturnix japonica) predating

virtual insects.
lsocietypublishing.org
Biol.Lett.20150159
2. Material and methods
(a) Experimental design
The subjects were female Japanese quail (n ¼ 7) from laboratory

stock. They were aged between six and 18 months, and had all par-

ticipated in a number of previous operant experiments involving

visual search and detection of static objects (e.g. locating cryptic

items against a heterogeneous greyscale background). They had

not, however, participated in a task involving moving or coloured

stimuli. All birds had the same prior experience.

Experiments took place in a wooden cage (160 � 65 cm and

25 cm high), at one end of which was a calibrated flat-screen

CRT monitor (Iiyama VisonMaster 513) equipped with a 30 �
23 cm infrared touch screen bezel (CarrollTouch Smart Frame,

Elo TouchSystems, Menlo Park, CA) to record pecks, and an

automatic feeder. Stimuli, which were presented on the monitor,

consisted of a circular moving ‘prey’, 20 mm in diameter (chosen

because stimuli of this size were invariably attacked and caught,

regardless of their appearance). Each prey item moved in a

straight line at a constant speed of approximately 150 mm s21

until it reached the edge of the screen, when it turned round

and moved off at the angle of incidence. No attempt was made

to replicate the locomotive behaviour of any given species, but

rather to provide a target that was challenging for quail to

catch and that did not introduce any ‘behaviours’ that may inter-

act with colour in affecting its chances of predation, such as

random movement patterns. When subjects made a ‘successful’

choice, defined as a peck within 10 mm of the centre of a prey

item (i.e. within its body), they were rewarded with 10 s access

to a feeder containing ad libitum whole dried mealworms

(Tenebrio molitor larvae), a favourite food. There was no attempt

to food-deprive the birds, as the mealworm reward provided

sufficient motivation to complete the task.

Subjects were initially trained to peck at black moving target

stimuli on a uniform grey background. Training continued until

a subject caught six consecutive stimuli within three pecks, after

which it progressed to the test phase of the experiment. The

mean+ s.e. number of trials required to reach the training criterion

was 23.9+4.5.

After successfully completing training, each subject was

presented sequentially with 20 stimuli, 10 with interference color-

ation (treatment) and 10 without (control), in a random order,

against a uniform grey background. Stimuli were constructed as

polygon models consisting of one half sphere, with the convex

face pointing towards the observer. For treatment stimuli, all ver-

tices on the polygon model were assigned a colour based on the

angle between a virtual light source, the vertex and a fixed point

in front of the centre of the screen representing the observer, and

the faces of the polygon coloured by interpolation of these vertex

colours. The colour assigned to a vertex was assumed to be pro-

duced by a simple planar multilayer composed of stacked chitin

plates of equal thicknesses, separated by very thin air spaces.

This alternating chitin/air multilayer structure is a common con-

figuration in insects, producing colour through constructive

interference [24]. Treatment stimuli were modelled on greenbot-

tles, Lucilia sericata [24], which appear metallic green at normal

incidence, turning to blue at large angles. As they moved around

the screen, they, therefore, underwent angle-dependent changes

in colour and brightness. The colour of each control stimulus

was chosen at random from within the gamut of colours that

could be produced by the treatment stimuli. These stimuli were
RSBL20150159—30/3/15—21:29–Copy Edited by: J. Tamilselvam
therefore uniformly coloured, and colour was independent of

spatial position. Note that the colours displayed on the screen

only loosely matched those produced by real flies. However, the

aim was not to exactly replicate colours produced by real insects

or replicate how real colours would be perceived by quail preda-

tors. Rather, the aim was to produce target stimuli that exhibited

the salient characteristics of interference coloration, namely chro-

matic and achromatic shifts in response to changes in viewing

angle as the target moved around the screen.

The effectiveness of the treatment as an anti-predator stra-

tegy was assessed using (i) the number of pecks needed to

successfully catch a prey item, (ii) the mean distance of all the

unsuccessful pecks from the centre of the prey item prior to cap-

ture (a measure of peck accuracy) and (iii) the latency to make the

first attack. Full details of the experimental set-up, stimulus

design, training and testing procedures are given in the electronic

supplementary material.

(b) Statistical analyses
To test whether the number of pecks needed to successfully catch a

stimulus differed between treatment and control stimuli, I used a

generalized linear mixed-effects model with a negative binomial

error distribution to account for overdispersion [25]. Stimulus

type (treatment or control) was included as a fixed factor, and

there was a random effects term of subject identity. I also included

trial number, and the interaction between trial number and

stimulus type, in order to test for improvements in predator per-

formance over successive trials (i.e. learning). To test whether

peck accuracy and latency to peck differed between stimuli, I

used linear mixed-effects models, parametrized as described

above. Both peck latency and accuracy were normalized using a

log-transformation prior to analysis. For all models, p-values

were calculated by comparing the full model to a reduced model

lacking the fixed effect term using likelihood ratio tests [25], and

models simplified using backwards stepwise elimination of non-

significant terms. Minimum adequate models are presented.

All analyses were conducted in R (R Core Development Team,

v. 2.15.2) using either the ‘lmer’ function in the lme4 package

[26] or the ‘glmmadmb’ function in the glmmADMB package

[27], and models validated following [28].
3. Results
The number of pecks needed to catch a treatment (interfer-

ence-coloured) stimulus was significantly greater than the

number needed to catch a control (non-interference-coloured)

stimulus (x2
1 ¼ 7:89, p ¼ 0.005; figure 1a) and peck accuracy

was significantly poorer for unsuccessful pecks at treatment

than control stimuli (x2
1 ¼ 10:99, p , 0.001; figure 1b). There

was no difference between stimulus types in the latency

to attack (mean+ s.d., treatment: 24.15+ 10.62 s; control:

23.06+9.78 s; x2
1 ¼ 0:29, p ¼ 0.592). In all models, trial

number and the interaction between trial number and stimu-

lus type were non-significant (all p . 0.3), suggesting that

performance did not improve with learning.
4. Discussion
The results of this experiment show that predators attacking

treatment prey items with interference-like colours require

significantly more pecks, and unsuccessful pecks are signifi-

cantly less accurate, than when attacking otherwise identical

control prey. These findings suggest that significant anti-

predator benefits may be gained by having interference
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Figure 1. (a) Mean+ s.e. number of pecks needed to successfully catch
interference-coloured (treatment) and non-interference-coloured (control)
stimuli. (b) Mean+ s.e. distance of unsuccessful pecks at treatment and
control stimuli, measured in mm from the centre of the prey item at the
time of pecking. **p , 0.01; ***p , 0.001.
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coloration, and may explain why interference colours are so

widespread [15,16,19–23]. Because the accuracy of prey-

directed pecks, but not the latency to peck, was significantly
RSBL20150159—30/3/15—21:29–Copy Edited by: J. Tamilselvam
reduced when attacking treatment prey items, it is likely that

perceived changes in colour or brightness caused by the

movement of animals with interference coloration hinders a

predator’s ability to pinpoint the prey’s exact location in an

attempted strike [18], rather than startling them through

sudden chromatic or achromatic changes [17,29]. This is

consistent with recent work on motion dazzle, in which high-

contrast colour patterns can impair a predator’s ability to

judge the speed and direction of moving prey, making them

harder to catch [29–32]. The sudden changes in brightness

perceived by predators viewing rapidly moving prey with

interference colours may therefore act as a form of dazzle

coloration. More generally, this finding raises the intriguing

possibility that changing appearance per se may be important

in predator avoidance (see [33,34]), and that interference

colours are a special case of this phenomenon.

While this study presents evidence that, at least in some

cases, interference coloration has evolved as an anti-predator

defence, whether this mechanism acts to protect prey in natu-

ral situations and how this relates to its other putative roles

[2,3,5–10] remains to be tested.
Ethics statement. The experiment was carried out with the approval of
the University of Exeter’s local ethics committee.

Data accessibility. Raw data can be found in the electronic supplementary
material.

Acknowledgements. Thanks to Nicole Westbury-Harris for animal care,
and to three anonymous referees whose constructive comments
greatly improved the manuscript.

Funding statement. This work was supported by a Natural Environment
Research Council fellowship (NE/F016514/1).

Author contributions. All the work described here is my own.

Conflict of interests. I have no competing interests.
References
1. Osorio D, Ham AD. 2002 Spectral reflectance and
directional properties of structural coloration in bird
plumage. J. Exp. Biol. 205, 2017 – 2027.

2. Doucet SM, Meadows MG. 2009 Iridescence:
a functional perspective. J. R. Soc. Interface
6, S115 – S132. (doi:10.1098/rsif.2008.
0395.focus)

3. Meadows MG, Butler MW, Morehouse NI, Taylor LA,
Toomey MB, McGraw KJ, Rutowski RL. 2009
Iridescence: views from many angles. J. R. Soc.
Interface 6, S107 – S113. (doi:10.1098/rsif.2009.
0013.focus)

4. Vukusic P. 2004 Natural photonics. Phys. World 17,
35 – 39.

5. Vukusic P, Kelly R, Hooper I. 2009 A biological sub-
micron thickness optical broadband reflector
characterized using both light and microwaves.
J. R. Soc. Interface 6, S193 – S201. (doi:10.1098/rsif.
2008.0345.focus)

6. Loyau A, Gomez D, Moureau BT, Thery M, Hart NS,
Saint Jalme M, Bennett ATD, Sorci G. 2007
Iridescent structurally based coloration of eyespots
correlates with mating success in the peacock.
Behav. Ecol. 18, 1123 – 1131. (doi:10.1093/beheco/
arm088)
7. Rutowski RL, Macedonia JM, Merry JW, Morehouse
NI, Yturralde K, Taylor-Taft L, Gaalema D, Kemp DJ,
Papke RS. 2007 Iridescent ultraviolet signal in the
orange sulphur butterfly (Colias eurytheme): spatial,
temporal and spectral properties. Biol. J. Linn.
Soc. 90, 349 – 364. (doi:10.1111/j.1095-8312.2007.
00749.x)

8. Rutowski RL, Macedonia JM, Morehouse N,
Taylor-Taft L. 2005 Pterin pigments amplify
iridescent ultraviolet signal in males of the
orange sulphur butterfly, Colias eurytheme.
Proc. R. Soc. B 272, 2329 – 2335. (doi:10.1098/
rspb.2005.3216)

9. Mathger LM, Denton EJ, Marshall NJ, Hanlon RT.
2009 Mechanisms and behavioural functions of
structural coloration in cephalopods. J. R. Soc.
Interface 6, S149 – S163. (doi:10.1098/rsif.2008.
0366.focus)

10. Seago AE, Brady P, Vigneron JP, Schultz TD. 2009
Gold bugs and beyond: a review of iridescence and
structural colour mechanisms in beetles
(Coleoptera). J. R. Soc. Interface 6, S165 – S184.
(doi:10.1098/rsif.2008.0354.focus)

11. Crowson RA. 1981 The biology of the Coleoptera.
New York, NY: Academic Press.
12. Knisley CB, Schultz TD. 1997 The biology of tiger
beetles and a guide to the species of the South
Atlantic States. Martinsville, VA: Virginia Museum of
Natural History.

13. Parker AR, Mckenzie DR, Ahyong ST. 1998 A unique
form of light reflector and the evolution of
signalling in Ovalipes (Crustacea: Decapoda:
Portunidae). Proc. R. Soc. Lond. B 265, 861 – 867.
(doi:10.1098/rspb.1998.0371)

14. Pearson D, Vogler A. 2001 Tiger beetles: the
evolution, ecology, and diversity of the cicindelids.
Ithaca, NY: Cornell University Press.

15. Vulinec K. 1997 Iridescent dung beetles: a different
angle. Flora Entomol. 80, 132 – 141. (doi:10.2307/
3495550)

16. Fabricant SA, Exnerova A, Jezova D, Stys P. 2014
Scared by shiny? The value of iridescence in
aposematic signalling of the hibiscus harlequin bug.
Anim. Behav. 90, 315 – 325. (doi:10.1016/j.anbehav.
2014.01.021)

17. Hinton HE. 1973 Some recent work on the colours
of insects and their likely significance. Proc. Br. Ent.
Nat. Hist. Soc. 6, 43 – 54.

18. Robinson MH. 1969 Defenses against visually
hunting predators. Evol. Biol. 3, 225 – 259.

http://dx.doi.org/10.1098/rsif.2008.0395.focus
http://dx.doi.org/10.1098/rsif.2008.0395.focus
http://dx.doi.org/10.1098/rsif.2009.0013.focus
http://dx.doi.org/10.1098/rsif.2009.0013.focus
http://dx.doi.org/10.1098/rsif.2008.0345.focus
http://dx.doi.org/10.1098/rsif.2008.0345.focus
http://dx.doi.org/10.1093/beheco/arm088
http://dx.doi.org/10.1093/beheco/arm088
http://dx.doi.org/10.1111/j.1095-8312.2007.00749.x
http://dx.doi.org/10.1111/j.1095-8312.2007.00749.x
http://dx.doi.org/10.1098/rspb.2005.3216
http://dx.doi.org/10.1098/rspb.2005.3216
http://dx.doi.org/10.1098/rsif.2008.0366.focus
http://dx.doi.org/10.1098/rsif.2008.0366.focus
http://dx.doi.org/10.1098/rsif.2008.0354.focus
http://dx.doi.org/10.1098/rspb.1998.0371
http://dx.doi.org/10.2307/3495550
http://dx.doi.org/10.2307/3495550
http://dx.doi.org/10.1016/j.anbehav.2014.01.021
http://dx.doi.org/10.1016/j.anbehav.2014.01.021


Q1

rsbl.royalsocietypublishing.org
Biol.Lett.20150159

4190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

ARTICLE IN PRESS
19. Acorn JH. 1988 Mimetic tiger beetles and the
puzzle of cicindelid coloration (Coleoptera:
Cicindelidae). Coleopt. Bull. 42, 28 – 33.

20. Schultz TD. 1986 Role of structural colors in
predator avoidance by tiger beetles of the genus
Cicindela (Coleoptera: Cicindelidae). Bull. Entomol.
Soc. Am. 32, 142 – 146. (doi:10.1093/besa/32.3.142)

21. Schultz TD. 2001 Tiger beetle defenses revisited:
alternative defense strategies and colorations of two
neotropical tiger beetles, Odontocheila nicaraguensis
Bates and Pseudoxycheila tasalis Bates (Carabidae:
Cicindelinae). Coleopt. Bull. 55, 153 – 163. (doi:10.
1649/0010-065X(2001)055[0153:TBDRAD]2.0.CO;2)

22. Clench HK. 1966 Behavioral thermoregulation in
butterflies. Ecology 47, 1021 – 1034. (doi:10.2307/
1935649)

23. Denton EJ. 1970 On the organization of reflecting
surfaces in some marine animals. Phil. Trans. R. Soc.
Lond. B 258, 285 – 313. (doi:10.1098/rstb.
1970.0037)
RSBL20150159—30/3/15—21:29–Copy Edited by
24. Martincek I, Pudis D, Satka A, Janigova I, Csomorova
K, Cernobila F. 2008 Temperature effect on optical
properties of the cuticle of Lucilia sericata. Optik
119, 523 – 527. (doi:10.1016/j.ijleo.2007.02.009)

25. Crawley MJ. 2005 Statistics: an introduction using R.
Chichester, UK: John Wiley.

26. Bates D, Maechler M, Bolker B, Walker S. 2013
lme4: Linear mixed-effects models using Eigen and
S4. R package v. 1.0 – 4.

27. Fournier DA, Skaug HJ, Ancheta J, Ianelli J,
Magnusson A, Maunder M, Nielsen A, Sibert J. 2012
AD model builder: using automatic differentiation
for statistical inference of highly parameterized
complex nonlinear models. Optim. Methods
Softw. 27, 233 – 249. (doi:10.1080/10556788.
2011.597854)

28. Zuur AF, Ieno EN, Elphick CS. 2010 A protocol for
data exploration to avoid common statistical
problems. Methods Ecol. Evol. 1, 3 – 14. (doi:10.
1111/j.2041-210X.2009.00001.x)
: J. Tamilselvam
29. Stevens M, Yule DH, Ruxton GD. 2008 Dazzle
coloration and prey movement. Proc. R. Soc. B 275,
2639 – 2643. (doi:10.1098/rspb.2008.0877)

30. Scott-Samuel NE, Baddeley R, Palmer CE, Cuthill IC.
2011 Dazzle camouflage affects speed perception.
PLoS ONE 6, e20233. (doi:10.1371/journal.pone.
0020233)

31. Stevens M, Searle WTL, Seymour JE, Marshall KLA,
Ruxton GD. 2011 Motion dazzle and camouflage as
distinct anti-predator defenses. BMC Biol. 9, 81.
(doi:10.1186/1741-7007-9-81)

32. von Helversen B, Schooler LJ, Czienskowski U. 2013
Are stripes beneficial? Dazzle camouflage influences
perceived speed and hit rates. PLoS ONE 8, e61173.
(doi:10.1371/journal.pone.0061173)

33. Papageorgis C. 1975 Mimicry in neotropical
butterflies. Am. Sci. 63, 522 – 532.

34. Endler JA. 1978 A predator’s view of animal color
patterns. Evol. Biol. 11, 319 – 364. (doi:10.1007/
978-1-4615-6956-5_5)

http://dx.doi.org/10.1093/besa/32.3.142
http://dx.doi.org/10.1649/0010-065X(2001)055[0153:TBDRAD]2.0.CO;2
http://dx.doi.org/10.1649/0010-065X(2001)055[0153:TBDRAD]2.0.CO;2
http://dx.doi.org/10.2307/1935649
http://dx.doi.org/10.2307/1935649
http://dx.doi.org/10.1098/rstb.1970.0037
http://dx.doi.org/10.1098/rstb.1970.0037
http://dx.doi.org/10.1016/j.ijleo.2007.02.009
http://dx.doi.org/10.1080/10556788.2011.597854
http://dx.doi.org/10.1080/10556788.2011.597854
http://dx.doi.org/10.1111/j.2041-210X.2009.00001.x
http://dx.doi.org/10.1111/j.2041-210X.2009.00001.x
http://dx.doi.org/10.1098/rspb.2008.0877
http://dx.doi.org/10.1371/journal.pone.0020233
http://dx.doi.org/10.1371/journal.pone.0020233
http://dx.doi.org/10.1186/1741-7007-9-81
http://dx.doi.org/10.1371/journal.pone.0061173
http://dx.doi.org/10.1007/978-1-4615-6956-5_5
http://dx.doi.org/10.1007/978-1-4615-6956-5_5



