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ARTICLE

Visual camouflage

Rune Pettersson

Institute for Infology, Stockholm, Sweden

ABSTRACT
There are many examples of visual camouflage among animals,
and in the military. The objective with camouflage by crypsis is to
become invisible by blending in with the background or by dis-
ruption of outlines. The objective with camouflage by mimesis is
to become totally ignored and unnoticed. The objective with
camouflage by dazzle is to confuse the opponents. Some visual
camouflage may be called cultural camouflage. Here people use
disruptive pattern materials to express ideas. We may see visual
deceptive camouflage as a special kind of information design.
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Introduction

In biology, preventing and protective similarity is called mimicry. Mimicry concerns
animals as well as plants. Mimicry occurs when one species, the mimics, evolve to
share some properties with another species, the models. In most cases mimicry is
advantageous, and helpful to the mimics. Mimicry may also be advantageous to the
models, but sometimes it has no real effect. In some cases, models are difficult to
define to any specific species. Then mimicry rather concerns genera, families, or other
groups of animals. Holmgren and Enquist (1999) suggested that the appearance of the
model and the mimic are constantly changing and adapting to the environments.

An advantageous and deceiving similarity can consist of appearance, behaviour,
location, morphology, odour, scent, sound, temperature, visual appearance and also
combinations of these properties. The mimics can make use of signals for the corre-
sponding senses.

A form of visual mimicry is camouflage. This is a form of visual deception. The first
main group of visual camouflage may be called ‘deceptive camouflage.’ Depending on
different objectives, there are three kinds of deceptive camouflage: (1) crypsis, (2)
mimesis and (3) dazzle. Deceptive camouflage is used by animals and also by the mili-
tary. In each case there may be different methods to achieve the specific objectives.

The second main group of visual camouflage may be called ‘cultural camouflage.’
Here people use camouflage materials for completely different purposes than in the first
main group. One objective with cultural camouflage may be to protest against war.
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Other objectives may be to express ideas of modern aesthetics, art and design, using
disruptive pattern materials. This main group of visual camouflage is not discussed
here in any detail.

Crypsis

The objective with crypsis is to become invisible, or at least as hard to discover as pos-
sible. Camouflage works through concealment by blending in with the background, or
by disruption of outlines. Strongly contrasting markings such as spots and stripes pro-
vide disruptive patterns that will break up the outlines of animals or military equip-
ment. Disruptive patterns have light and dark, high-contrast patches, in non-repetitive
configurations. Motionless animals and military equipment may be almost impossible
to discover by the human eye and also by optical sensors. All careless movements are
dangerously eye-catching, and sometimes deadly.

Biological crypsis

Animals using biological crypsis try to blend in with their natural environments, avoid
detection and remain unnoticed. Here, the methods include passive camouflage and
active camouflage.

Passive camouflage

There are many examples of camouflage among animals. Miller (2007) noted that the
animal kingdom is filled with creatures whose colours and patterns help conceal and
protect them. There are three kinds of passive camouflage: (1) resembling surround-
ing, (2) disrupting outline and shape, and (3) reducing shadows.

Resembling surrounding: Many animals have evolved so that they visually resem-
ble their surroundings. Evolution of the nocturnal peppered moth (Biston betularia) is
a good example of the effects of natural selection (Hanstr€om, 1964a). Two hundred
years ago the majority of peppered moths had light coloured wing patterns that cam-
ouflaged them when they were resting during the day on the light coloured, lichen-
covered bark of the birch. Due to widespread pollution, the trees in England became
blackened by soot and many of the lichens were seen and eaten. Then the moths
could no longer hide from their predators. However, the dark-coloured moths flour-
ished because they could easily hide from their predators on the darkened trees. Since
pollution now has been reduced, both variants of peppered moths exist today
(Still, 1996).

In practical laboratory experiments Dimitrova (2009) used blue tits (Cyanistes
caeruleus) as predators, and artificial prey items and backgrounds to investigate prey
concealment and optimization of prey patterning. A visually complex background (i.e.
high diversity of element shapes and complex element shapes), as well as high achro-
matic contrast range of the background can make detection of prey more difficult.
Cryptic prey may evolve habitat choice behaviours that allow them to further improve
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their concealment simply by preferring backgrounds with characteristics that
impede search.

Many species of grasshopper have adapted their colouring to avoid predators.
Some have adapted to green fields and forests. Some have adapted to drier, sandy
environments and blend in well with the colours of dry dirt, pebbles and sand. Some
lizards, like the flying Draco indochinensis in South-east Asia, look like bark when they
move around on a tree. These lizards increase their chances of survival because their
predators can’t see them. These are examples of protective anti-predator adaptations.

Disrupting outline and shape: Many animals have evolved so that they visually
disrupt their outlines, and their shapes. These animals more or less blend in with their
natural environments. This is common for prey, but also for some predators.

Some predators, like adult leopards, have disruptively spotted coats that provide
camouflage by disrupting the recognizable shapes and orientations of the animals.
The leopards increase their chances of survival because they get more opportunities
for successful hunting. This is a predator adaptation of visual camouflage preventing
their prey from seeing them.

Figure 1. Many female birds are well camouflaged with contrasting stripes that break up their out-
lines. This photo shows a female Mallard or Wild Duck (Anas platyrhynchos). One of the ducklings
is visible below her beak. Source: My own photo.

Figure 2. These two drawings illustrate how a predator like a leopard (Pantera pardus) is able to
hide well in the vegetation. Source: My own drawings.
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Reducing shadows: Several animals have dark pigmentation on their upper
sides and light pigmentation on their under sides. The gradual change from top
to bottom is thought to reduce shadows that could provide predators with infor-
mation about shape and size of prey. This is called ‘countershading, obliterative
shading, or Thayer’s Law’ (Blechman, 2004, p. 74). Some animals, such as the
horned lizards of North America, are able to almost eliminate, their shadows. The
flattened bodies have thin and fringed white scales along their sides and they
hold their bodies close to the ground (Sherbrooke, 2003). Elimination of shadow
was identified as a principle of military camouflage during the Second World War.

Studies of the evolution of animal signals and sensory behaviour have more
recently shifted from considering environmental determinants to physiological ones.
Merilaita (2010) noted that although research on visual camouflage recently has
increased massively, our surprisingly scarce knowledge about these questions suggests
that there still are plenty of opportunities for future research in this area.

Active camouflage

Several groups of animals, including cephalopod molluscs, crabs, fish and reptiles, can
actively adapt to their present environment. This is called adaptive camouflage, or
active camouflage. There are three kinds of active camouflage: (1) disguise camouflage,
(2) counter illumination camouflage, and (3) colour change camouflage.

Disguise camouflage: The great spider crab (Hyas araneus) is a species of crab
living in the Atlantic and in the North Sea. The great spider crab is usually greyish
brown, and its length is 11–12 cm. It is covered with bristles, and it has hooks on
both sides of the head. The crab actively attaches algae, moss animals, and various
seaweeds to disguise it. When the crab moves into a new environment it soon gets
rid of the old disguise and attaches new algae of the right colours (Hanstr€om, 1964b).
The camouflage is very effective. Miller (2007) remarked that the act of
constructing artificial covering is dictated by inherited genetic instructions, built into
the genotype.

Figure 3. The great spider crab (Hyas araneus) before and after it has disguised itself with algae,
moss animals, and various seaweeds in a new environment. This is an example of predator adapta-
tion of active visual camouflage. Source: My own drawings.
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Several other marine animals may be more or less covered and camouflaged by
algae and seaweed, but the host animals do not themselves actively put these
“hitchhikers” there.

Counter illumination camouflage: It is the production of light to blend in against
an illuminated background, such as the ocean surface or sky. When light comes down
from the surface, marine animals appear darker than the background when they are
seen from below. The midwater squid (Abralia veranyi) is a small squid with a mantle
length of about four centimetres. It has a fin, eight arms with suckers and two long
tentacles, each with three hooks. Like other species in the genus Abralia, it produces
light to match the background and obscure the organism’s silhouette when viewed
from below in dim light. This is a defence against predators while feeding on small
invertebrates close to the surface during night (Young & Roper, 1976). The biolumines-
cence used for counter illumination can be produced by the animal itself, or
by bacteria.

Many flatfish, such as flounder and sole, living on the bottom of the sea can
actively copy the colours and patterns of the seafloor below them. As an adult, a
flounder changes its habits and camouflages itself by lying on the bottom of the
ocean floor as protection against predators (Sumner, 1911).

Colour change: It permits camouflage against different backgrounds. Cuttlefish are
marine animals of the order Sepiida and the class Cephalopoda. They are related to
nautilus, octopus, and squid. Although colour-blind, cuttlefish and many other cepha-
lopods can rapidly change their skin colour, light polarization, and pattern design
when they want to do so (Stuart-Fox & Moussalli, 2009). The animals may want to
communicate with other members of the same species or match their background
and hide from their predators. The cuttlefish can control the contraction and relax-
ation of the muscles around individual elastic sacs in the skin, each containing
different pigments. These sacs are controlled by neurons from the motor centres in
the brain. Cuttlefish adapt their own camouflage pattern for particular habitats

Figure 4. Here a flounder effectively blends in with its surroundings. This is an example of prey
counter illumination camouflage. Source: Photo: Wikipedia commons. (File: Flounder camo md.jpg)
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(Shohet, Baddeley, Anderson, & Osorio, 2007). A cuttlefish can be effectively invisible,
and as a result, sometimes it is referred to as the ‘chameleon of the sea’.

Chameleons are a distinctive and highly specialized group of lizards. Some
chameleon species have the ability to change their skin colours. Colours include black,
blue, brown, green, light blue, orange, pink, purple, red, turquoise and yellow. They
are uniquely adapted for climbing and visual hunting. Change of colour has functions
in reactions to temperature, in social signalling as well as camouflage. Chameleons’
mastery of camouflage goes further than anyone expected–it seems they can adopt
and fine-tune their colour changes to the visual systems of specific predators
(Young, 2008).

Military crypsis

The objective in military camouflage is to hide positions, troops, vehicles and weapons
from the eye of the enemy. There are seven main groups of military camouflage by
crypsis: (1) painted camouflage, (2) personal camouflage, (3) disguising camouflage, (4)
decoy camouflage, (5) counter illumination camouflage, (6) colour change camouflage,
and (7) high technology camouflage. Camouflage has become a major factor in war.
As a result of considerable research, military camouflage on land, at sea and in the air
developed rapidly in the 20th century.

Painted camouflage

According to Newark (2007), the birth of modern military camouflage was a direct
consequence of the invention of the aeroplane. Aircraft were initially used in the
First World War for aerial reconnaissance. Their task was to spot enemy artillery, troops
and vehicles. Their own artillery could then direct their fire at these targets. All sides
formed ‘camouflage units.’ Members of staff painted bold disruptive patterns on aircraft,
guns and tanks. In France, several Cubist artists were working as ‘camoufleurs’ at
the front.

Figure 5. Two differently painted small models of tanks are photographed in similar positions in
the same woodland model. Source: My own photos from an old woodland model at FOA, the
Swedish National Defence Research Institute.
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During the Second World War people painted disruptive patterns on all kinds of
military equipment such as aircraft, artillery, military bases, tanks, vehicles, warships
and weapons. All nations used official instructions for camouflaging. For example, the
official German Luftwaffe manuals included visual diagrams with exact instructions on
how to paint camouflage patterns as well as aircraft lettering, symbols and walkway
boundaries (Merrick, 1973; Smith & Gallaspy, 1976; Smith & Gallaspy, 1977). Here are a
few examples of paints and colours used by Luftwaffe (Smith & Gallaspy, 1976,
p. 45–46):

� 74–dunkelgrau–(dark grey)–was used as a camouflage colour for upper surfaces
of aircrafts in Europe.

� 76–weissblau–(white blue)–was used as a camouflage colour for lower surfaces of
aircrafts in Europe.

� 78–himmelblau–(sky blue)–was used as a camouflage colour for lower surfaces
of aircrafts in North Africa.

� 79–sand gelb–(sand yellow)–was used as a camouflage colour for upper surfaces of
aircrafts in North Africa.

Aircraft that was painted with camouflage colours could be hard to detect when
the enemy had to discover them from very high, or from very low perspectives. Then
the aircraft could blend in against the ground, and against the sky. It was far easier to
detect them from eye-level perspectives since the identity markings were designed to
be seen. Identity markings had often very clear, distinct and large letters, numbers
and symbols. During the Second World War individual aircraft was re-painted several
times if they were used in different environments such as the fronts in Central Europe,
North Africa and Russia. Sometimes Luftwaffe units disregarded central instructions
and found local camouflage solutions.

Military reconnaissance may use equipment and film that are sensitive to infrared
light. As a consequence, all paint used for camouflage must have the same infrared
light properties as the surroundings.

Disguising camouflage

Already during the First World War, it was necessary to raise camouflage nettings
interwoven with local foliage and shelter constructions for guns and military person-
nel, for other equipment, observation posts, and for trenches. British camouflage devi-
ces included papier-mâch�e heads intended to deceive enemy snipers, and board
figures depicting Germans (Newark, 2007, p.64).

The Second World War saw camouflage pursued on an unprecedented scale. Not
only military bases and equipment but also a large number of buildings on airfields,
factories, railways and roads were disguised. In a situation of total warfare, thousands
of civilians participated in this monumental task.

The Dutch psychologist Wertheim (1989) introduced the term conspicuity to
denote visibility of an object-taking context into account. He defined conspicuity
as the extent to which the object, when viewed peripherally, is visually masked
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by its embedding surroundings. He also suggested a method of measuring conspi-
cuity by determining the angle between the gaze point and the target object and
using the angle where the object no longer can be detected as an index for
conspicuity.

Personal camouflage

In the First World War the majority of soldiers entered battle wearing single-colour
combat uniforms. Specialist units evolved during the war and these units tended to
wear specially designed clothing.

Porathe and Strand (2011) studied the visibility of traffic signs. They noted that the
term visibility is often tied to properties of the object itself such as size, colour, con-
trast and brightness. A search on ‘high visibility clothing’ results in numerous hits on
bright yellow-and-orange jackets. However, they are only highly visible if the surround-
ing context is not of the same colour.

Uniforms with disruptive patterns were issued to large number of individual soldiers
during the Second World War. The US authorities used cards with information on
application and effectiveness of personal camouflage. Face paint is part of the battle
dress and dark lines running vertical to the pupils in the face effectively mask the
eyes. Rottman (2013) noted that the most common way for a soldier during the
Second World War to camouflage himself ‘was to alter the appearance of his hel-
met–to cut reflected glare, distort its familiar silhouette, and provide a means to
attach natural or manmade garnish’ (p. 36).

Snipers are highly trained sharpshooters who operate alone or in pairs in close vis-
ual contact with the enemy. Sniper teams operate independently and they are real
experts in camouflage.

Figure 6. Like the great spider crab this soldier is carefully disguised. The modern camouflaged
sniper blends nicely in with this kind of surrounding. Source: Photo: Wikimedia Commons. (File:
Camouflaged-sniper.jpg).
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Decoy camouflage

During the Second World War, the Allied forces produced dummy equipment on a
large scale during the build-up to the 1944 Normandy landings. German intelligence
were convinced that an entire army group with aircraft, ships, tanks, trucks, etcetera
was based in south-east England, waiting to invade France at the Pas de Calais, rather
than the actual landing area in Normandy where the landings commenced on
Tuesday, 6 June 1944 (D-Day). This army never existed. All of it was fake, decoy cam-
ouflage. The operation was one of the most important and successful military decep-
tions employed during the war.

Counter illumination camouflage

Counter illumination camouflage was first investigated during the Second World War.
The first tests concerned camouflage of ships at night by ‘illumination for con-
cealment’ (Burr, 1947). Canada’s National Research Council experimented with diffused
lighting camouflage. Planes like the B-24 Liberators and Navy Avengers were fitted
with forward-pointing lamps automatically adjusted to match the brightness of the
sky (Hambling, 2008). The visibility of a plane was reduced by up to 70% when seen
from a potential ship or surfaced submarine. This enabled them to approach much
closer to a target (within 2700 metres) before being seen.

Current systems for counter illumination camouflage began with a program at the
United States Air Force. During the night, a black aircraft might be seen against the
skies. However by emitting a small amount of low-intensity blue light the aircraft
blends into the night sky.

Figure 7. This illustration shows the principle of camouflage by forward-looking counter illumin-
ation. The lamps on the Navy Avenger were automatically adjusted to match the brightness of the
sky (Wikipedia). Source: Photo: Wikipedia commons: Chiswick Chap. (File: Principle of Yehudi Lights
with Avenger head-on view.jpg).
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Colour change camouflage

In theory, active colour change camouflage could provide perfect concealment from
visual detection. Current military camouflage research aims to achieve crypsis by using
cameras to sense the visible background, and by controlling panels or coatings that
can vary their appearance.

In modern warfare, some forms of camouflage are meant to conceal from technical
systems like radar, and devices for infrared light and night vision. After the Second
World War, the universal adoption of radar made camouflage generally less effective.
In the future using a combination of radar-absorbing materials and faceted surfaces,
stealth, can reduce the radar signature of an aircraft to almost nothing (Newark, 2007).

High technology camouflage

Future high technology camouflage systems incorporate photographic digital detailing
that can match terrain so military equipment seemingly disappears into the surround-
ing environment. This will make moving targets more difficult to see. Adaptive camou-
flage probably remains at the research stage for some time.

Mimesis

The objective with mimesis is to become totally ignored and unnoticed. Here the ani-
mal or the military equipment is clearly seen, but they remain unnoticed since they
resemble something that is of no special interest.

Biological mimesis

Among animals, similarity of one species to another may deceive predators. A palat-
able insect may look like a noxious, and maybe poisonous insect. Birds that use sight
to identify their food sources soon learn to avoid the noxious insects. Therefore they
will also ignore and not eat many of the palatable insects. Warning signals reduce the
risk of attack (Ruxton, Sherratt, & Speed, 2004).

A marine isopod, a small crustacean, has got three kinds of males. The large alpha
males guard their harem of females. However, beta males look like females, and small
gamma males look like juveniles. Since beta males and gamma males are unnoticed
they can enter the harem without any problems and mate with some of the females.

Military mimesis

Camouflage allows soldiers, weapons and otherwise visible military vehicles to remain
unnoticed. Merchant ships equipped with heavy arms, and tanks dressed up as ordin-
ary trucks are examples of military camouflage by mimesis.

Occasionally this tactic has been used in warfare. During the First World War the
British navy used ‘Q-ships.’ This was the code-name for comparatively small ships with
concealed armaments. These vessels were old and made to look poorly maintained
and harmless merchant ships. Q-ships were used as decoys and could meet a surfaced
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submarine on fairly equal terms. When attacked, the Q-ship would allow the U-boat to
come as close as possible before dropping the disguise, raising the White Ensign (a
requirement of international law), and opening fire (McMullen, 2001). Surface forces
used this method and destroyed 30% of the U-boats.

Dazzle

A third kind of camouflage is dazzle. The objective with camouflage by dazzle is to
confuse the opponents.

Biological dazzle

Also, here the animal is seen but it moves around in conspicuous patterns, and con-
fuses the predator. In this way several birds trick predators away from their nests.

The bold pattern on a zebra may momentarily confuse predators, especially when
many animals are close together and moving rapidly over the savannah on a hot day.

Military dazzle

When painting tanks and ships with disruptive patterning it is used to make their dir-
ection, range, size and speed difficult to ascertain. This is an example of military cam-
ouflage by dazzle.

During the First World War and the Second World War dazzle camouflage was used
not to make ships disappear, but to make them seem smaller and/or faster, to encour-
age misidentification by an enemy and to make the ships harder to hit. Dazzle
schemes were used on merchant ships and smaller warships. Dazzle designs applied
to ships resembled floating Cubist paintings (Newark, 2007).

Figure 8. The HMS Furious (British Aircraft Carrier, 1917–1948) was photographed in 1918, with
palisade windbreaks raised on her flight deck, forward. Note that her ‘dazzle’ camouflage pattern is
carried up onto the palisade strakes. Source: Photo: Wikipedia commons (File: HMS Furious-3.jpg).
U.S. Naval Historical Center Photograph. Collection of Lieutenant Commander P.W. Yeatman, USN
(Retired). Source: http://www.history.navy.mil/photos/sh-fornv/uk/uksh-f/furis-6.htm
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Cultural camouflage

The second main group of visual camouflage may be called ‘cultural camouflage.’
Several times after the Second World War, anti-war protesters have used military com-
bat clothing to express their resistance to the use of arms and weapons in conflicts
and war.

Disruptive camouflage materials have been used as the main resources to express
ideas of modern aesthetics, art and design. Architects, fashion designers, graffiti artists,
graphic designers, interior designers, painters, sculptors, toy designers and also other
groups have been inspired by patterns used in camouflage.

Camouflage gave the American artist Andy Warhol (1928–1987) the opportunity to
work with both abstract patterns and recognizable images, rich in associations. His
camouflage paintings reflect bright synthetic and inorganic colours. Warhol produced
many camouflage panels, in various scales and in a wide range of colours. The silk
screen process allowed for quick and easy mass-production.

Warhol incorporated the camouflage pattern into his 208� 208 cm painting on can-
vas ‘camouflage self-portrait’ (1986). In the Metropolitan Museum of Art his pale face
and hair are covered in a militaristic camouflage pattern of black, grey, and green on
a black background. Other versions use different colours. The camouflage pattern con-
fuses the relationships between figure and ground. He becomes his own camouflage,
which often is interpreted as a metaphor for his own life.

Of particular interest is the extensive encyclopaedic art book Disruptive Pattern
Material: An Encyclopaedia of Camouflage by fashion designer Hardy Blechman (2004).
He carefully charts the worldwide history of camouflage in this impressive 944-page
book, illustrated with over 5000 images. The first two sections include camouflage in
nature and in military contexts. The major third section shows how camouflage is
used in ‘cultural areas.’

Disinformation design?

The main goal in visual deceptive camouflage is concealment of identity. Animals as
well as military equipment may be unnoticed by blending in with the background or
by disruption of outlines. Then they may be almost impossible to discover. However,
sometimes animals and military equipment may be clearly seen, but they remain
unnoticed since they resemble something that is of no special interest to their oppo-
nents, or they may confuse and trick their opponents.

The main goal in information design is clarity of communication, even if we also
expect presentations to be aesthetically pleasing, and in some cases also intellectually
rewarding (Pettersson, 2002). Here all messages must be accurately designed, pro-
duced and distributed, and later correctly interpreted and understood by most of the
members of the intended audience. These different processes are guided by principles,
performed with the help of tools and always influenced by the social context.

In information design the main objective is to provide information materials, includ-
ing the intended messages, needed by the receivers in order to perform specific tasks
(Briggs & Wager, 1989; Fleming & Levie, 1993; Pettersson, 1993, 2002; Wileman, 1993;
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Lohr, 2003, 2010; Smith & Ragan, 2005; Lipton, 2007). The receivers may be seen as
‘doers.’ They may develop new skills, understanding and experience.

In visual deceptive camouflage the main objective is to provide good conditions
and equipment for concealment of identity needed by the animals and the military.

We may see visual deceptive camouflage as a special kind of information design.
Or maybe visual deceptive camouflage is the opposite of information design–disinfor-
mation design (Pettersson, 2002)? It is, however, clear that information designers may
learn a lot by the study of visual camouflage, and vice versa those who work with vis-
ual camouflage may learn a lot by the study of traditional information design.
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