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Abstract
Spatial body patterning is widely observed throughout the phylogenetic tree
and is used for a variety of functions. Body colours in general and camouflaging patterns in particular have been extensively studied for their role in stealth
and crypsis. Particular interest has focused on the diverse skin patterns surrounding animals’ eyes (Peri-Ocular Eye Patterning-POEP). These patterns
have been suggested to aid in high brightness conditions, help camouflage an
organism’s eyes or ornament and emphasize bright head colorations. In this
work I demonstrate the apparent widespread use of POEP among various marine and terrestrial organisms (both vertebrates and invertebrates) and discuss
the trait’s abundance, variations, and possible roles.
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1. Introduction
Numerous studies have addressed the evolution, comparative physiology, and
functions of animal body patterning [1]-[6]. Documented functions of organism’s body patterning include: camouflage [7] [8] [9], visual communication, including warning coloration [10] [11] [12] [13] [14], insect avoidance [15] and
even assistance with thermal regulation [16].
Camouflage can take several forms: crypsis (avoiding detection) [17], mimicry
(resembling a defended organism) [18] and masquerading (resembling an inedible object) [19]. Crypsis is an adaptation developed by many organisms seeking
to minimize detection [6] [8] [20] [21] [22] [23]. One example of such adaptation is disruptive coloration-a set of markings that creates the appearance of
false edges and boundaries and hinders the detection or recognition of an object’s or part of an object’s true outline and shape [22].
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In their various forms, eyes have evolved and regressed multiple times throughout the evolutionary process [24]. Their function, optics and physiological constraints have shaped and preserved the eye’s location and overall appearance, establishing eyes as an important facial feature in visual search-pattern analysis,
facial recognition and even individual identification [25]-[32]. Given eyes’
prominent role, concealing eye structure through body patterning may be of significant evolutionary benefit which may have driven development of eye camouflage and obliterating eye-lines [33]. Nevertheless, many animals, ranging from
birds [34] to fishes [35], have prominent and even ornamented eyes. Walls [36]
suggested that since eyes are so difficult to conceal, some vertebrates have gone
the alternate route of incorporating dramatic periocular ornamentation.
Given that eyes are visual targets of many visual search patterns, animals appear to have developed eye camouflage, ornamentation, false eyes and eyemasks as means of avoiding recognition or deterring opponents [33] [35]. Indeed, Barlow found an ecological association between the stripes and fish habitat
and even provided four examples of teleost’s eyes camouflage: 1) Eye Inclusion –
black surrounding includes the dark eye; 2) Mottling-mottled pattern distracts
the observer from the eye; 3) Radiating lines-disruptive patterning; and 4) Eye
lines-body patterns running through and over the eyes.
“Malar stripes” are another important facial marking; these dark stripes are
located immediately beneath the eye. Malar stripes are known to aid in reducing
glare in high light intensity conditions, as sought by athletes when applying
black paint below their eyes. While Malar stripes serve as an important distinguishing feature between species or individuals (e.g. ornithology), their dark
colour and their infraorbital facial location distinguish them from POEP which
usualy surround the eye in a radial manner or across the eye and over the pupil
in particular. POEP comes in many colours on the eye’s periphery, typically in
patterns that cross the pupil or in a periorbital POEP (Figure 1(B) and Figures
1(D)-(F)). In some cases, both periorbital POEP and infraorbital Malar stripes
can be found in the same organism (Figure 1(C)). The application of this phenomenon is not yet fully understood but coloration surrounding animal’s eyes
seems to have a wider, more significant purpose then originally thought. Helping visual acuity in high illumination conditions is just one example, but the recurring shapes, colours and patterns suggests a possible mechanistic function.
Based on previous but limited examples, this work presents a wider spectrum
of animals from diverse taxa that express various types of eye patterning. Although in many cases these patterns seem to be helpful in camouflaging the eyes,
their true nature and benefits clearly require additional inquiry. I believe the additional evidence offered below suggests an evolutionary emphasis on eye patterning across the phylogenetic tree.

2. Methods
As a means of demonstrating the prevalence of the POEP trait, I have identified
as many examples as possible within the animal kingdom. These examples were
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Figure 1. Examples of the POEP in a variety of animals: (A) European badger (Melesmeles) is a mammalian example of the
eye-inclusion pattern. (B) Veiled chameleon (Chameleo calyptratus) is a dynamically camouflaging reptile that displays the radial-lines pattern. (C) Pileated woodpecker (Dryocopus pileatus) expressing both eye-lines and Malar stripes; the latter is the
lower mark, extend from the base of the bill to the side of the neck. (D) European tree frog (Hylaarborea) provides an example for
eye-lines in amphibians. (E) Lionfish (Pterois miles) display eye-lines; this image provides just one example of the many fish that
express POEP. (F) The Veined octopus (Amphioctopus marginatus) is a dynamically camouflaging mollusc that expresses all four
POEP types in different scenarios-in this case, a horizontal eye-line. All photos are legally purchased adobe stock©.

obtained by searching several image bases including personal photo libraries,
permitted photographers libraries (Adobe stock©), Internet photo search and
the classic literature. The objective of the species examples presented here is to
offer evidence of the trait’s prevalence as well as support for my hypothesis as to
possible POEP convergence.

3. Results
In this section, I document examples of POEP, emphasizing the variety of phyla
in which the POEP can be found as well as the trait’s versatility. As can be seen
in Figure 1 it is clear that the POEP phenotypic trait’s is eminent in mammals,
reptiles, birds, amphibians, fish and even molluscs.
In the enclosed table (Table 1), I list various examples of POEP types expressed in a variety of organisms from across the phylogenetic tree. I also include some examples of the Malar stripes known to assist in vision acuity at high
light intensity [37].
Obviously, there are many animals (e.g. Grevy’s zebra-Equusgrevyi and Mandarin fish Synchiropussplendidus which express body and head patterns which
are ambiguous and do not appear to represent either POEP or Malar stripes
(Figure 2(A) and Figure 2(B)). In some other examples, it was unclear whether
an observed eye patterning represented a “Malar stripe” or a POEP (e.g. Cheetahs Acinonyx or the Thomson’s gazelle, Eudorcas thomsonii presented in Figure 2(C) and Figure 2(D)). In such situations, a literature review was performed
to discern how previous studies addressed the markings in question.
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Figure 2. Examples for eye patterning which are not representative of what I perceive to
be POEP. The first two examples are of undetermined categories (A) Mandarin
fish-Synchiropussplendidus and (B) Gravy’s zebra (Equusgrevyi). The following two examples are of Malar striping, believed to decrease glare in high light intensity conditions
in the (A) Thompson’s gazelle (Eudorcas thomsonil) and (B) Cheetah (Acinonyxjubatus).
All photos are legally purchased adobe stock©.

4. Conclusions
Eyes structure, colour and the shape have been the focus of many studies [24]
[38] [39]. Although previously mentioned in Barlow’s work, the development of
various periocular patterns has been primarily addressed in the context of individual fish species. It was only when I considered looking for patterns outside of
fish species that I came to realize the extent of this phenotype. Hopefully, the
short survey presented here will document the apparent frequency of this phenotype. While not necessarily novel, I believe this work demonstrates that POEP
can be found in many taxa and that it is surprisingly common across the phylogenetic tree.
The sheer fact that the POEP trait can be found among different mammals,
fish, birds, reptiles and even molluscs would seemingly validate the trait’s
prominence and its importance across the phylogenetic tree and in many different light conditions. Intriguingly, POEP can be found among marine and terrestrial animals, carnivores and herbivores, static and dynamic camouflagers and in
a variety of landscape complexity. Therefore, it seems reasonable to assume that
this attribute has developed independently several times along the evolutionary
process.
When a phenotypic trait is eminent in such a wide diversity of animals, it is
clearly designed to answer a fundamental requirement throughout the evolution
process. As such, its optical and cryptic functions should be further examined.
Future questions could address various issues including (but not limited to): 1)
Does POEP truly aid in eye camouflage?; 2) Does POEP offer any optical benefit
to its bearer?; and 3) How does POEP type change with environmental properties?”.
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Table 1. POEP types expressed in various species.
Scientific name

Common name

Ailuropodamelanoleuca

Giant panda

Pomacanthus imperator

Emperor angelfish

Taxideataxus

American badger

Dendrobatesauratus

Dart frog

Paracanthurushepatus

Palette surgeonfish

Dendroicachrysoparia

Golden warbler

Hylatomuspileatus

Pileated woodpecker

Varanuspanoptes

Yellow-spotted monitor

Zonotrichialeucophrys

White-crowned sparrow

Pteroisvolitans& miles

Lionfish

Siganusdoliatus

Rabbit fish

Spizellapasserina

Chipping sparrow

Aulostomusmaculatus

Trumpetfish

Pterapogonkauderni

Banggaicardinalfish

Choerodonfasciatus

Harlequin tuskfish

Psammophilusdorsalis

Peninsular rock agama

Dendrochirusbrachypterus

Shortfin turkeyfish

Hippocampus breviceps

Short head seahorse

Canthigastersolandri

Blue spotted pufferfish

Histiophrynepsychedelica

Psychedelic frogfish

Barchatuscirrhosus

Toadfish

Cymbacephalusbeauforti

Crocodile fish

Octopus vulgaris

Common octopus

Furciferpardalis

Panther chameleon

Falco mexicanus

Prairie falcon

Acinonyx

Cheetah

enospizabaileyi

Sierra Madre sparrow

Eudorcasthomsonii

Thompson’s gazelle

Since a human observer did the decision as to which animals express POEP,
there is clearly an element of subjectivity in the current study. That said, given
the qualitative nature of this work, such subjectivity should not impair the overall conclusions presented in this communication.
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