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Animals use color in amazing ways, either to hide from predators or

to catch prey. Camouflage is one of themost common and important

tricks animals use to stay safe or sneak up on others. There are many

types of camouflage, and how well it works depends on things like

the animal’s color, shape, and behavior, as well as the lighting, the

background, and how good the predator or prey’s eyesight is. What

works well in one place might not work as well in another. People

have learned a lot about camouflage by watching nature. Armies,

hunters, and wildlife photographers use ideas from animals to create
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their own camouflage tools. Even thoughwe admire how nature uses

color, scientists are still learning and debating about how camouflage

works, with many mysteries left to uncover.

COLOR AS A NATURAL INVISIBILITY CLOAK

Animals use their colors for di�erent reasons: to stay safe,
communicate with each other, or hunt [1]. Interactions between
predators and prey often lead to adaptations, for example, when the
prey develops ways to hide or be hard to spot. Some have bright colors
to warn predators that they are Toxic, while others use camouflage

TOXIC

Something that
contains poison or is
harmful to living beings.

to blend in and hide. Camouflage is a common way animals protect
CAMOUFLAGE

Colors, markings, or
body features that help
an animal avoid being
spotted by
other animals.

themselves, helping them stay hidden [2, 3]. Examples of animal
camouflage can be seen in extinct animals like dinosaurs, as well as
in plants and animals alive today, and in creatures living in places as
remote as deserts or deep oceans. Although most animal camouflage
plays a role in protection, predators also use camouflage to sneak up
on their prey [3].

There are di�erent types of camouflage, and each type may work well
against someobservers but not all [4]. For example, a tiger’s orange and
black stripes are easy for humans to see but hard for deer (a common
prey of tigers) to notice. Deer cannot see the color orange, so through
their eyes, the tiger blends in with the green forest [5]. Animals often
use more than one type of camouflage to help them blend in with
their surroundings.

Animals use their brains to find camouflaged creatures, like a game of
“spot the di�erence”! The hidden creature is the signal, and everything
else around it, like the background, is the noise, so a principle known as
the Signal-to-noise ratio is important (Figure 1). The more the signal

SIGNAL-TO-NOISE

RATIO

SNR tells us how much
“real” information there
is compared to the
“messy” or confusing
information around it.

(the hidden creature) stands out from the noise (the background), the
easier it is to see it [4]. Both hunters and prey use this idea to spot each
other. Camouflage works by either hiding the signal or blending it into
the noise,making the creature really hard to see. Howwell camouflage
works depends on many things, like the colors and patterns of the
background, the amount of light, and even the shape of the hidden
animal’s body (Figure 1) [4].

CAMOUFLAGE STRATEGIES: HIDING IN PLAIN SIGHT

Animals use many clever tricks to hide, and scientists have discovered
over a dozen ways they do it. The most common way is called
background matching. This is when an animal copies the color
and brightness of its surroundings to blend in. For example, a lion
blends in perfectly with savanna grasslands (Figure 2A). Some animals,
like certain sea shrimp, can even change color during the year to
match seaweed [6]. Chameleons are another classic example of
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Figure 1

Figure 1

Camouflage
mechanisms in action.
A combination of
environmental
characteristics are
important, such as the
amount of sunlight, the
types of color-sensing
cells in the predator’s
(observer’s) eyes, the
background color on
which the prey is
resting, and how well
the background
matches with the color
or shape/size of the
prey. The picture shows
that the predator can
more easily spot the
unmatched prey (Photo
credit © Felipe
Capoccia Coelho).

color-changing camouflage. Another interesting strategy is called
disruptive coloration. Instead of blending in, animals use bold patterns,
like stripes or spots, to confuse predators and make it hard to see their
shapes. For instance, a giant panda’s black-and-white fur helps it hide
by breaking up its outline when viewed from far away [7]. Up close,
though, the panda’s colors work more like background matching.
Other examples include small frogs and jumping spiders that combine
disruptive coloration and background matching to help them hide or
hunt (Figure 2B).

Figure 2

Figure 2

Diversity of camouflage
strategies in nature.
Each column
represents a di�erent
camouflage strategy:
(A) background
matching, (B) disruptive
coloration, (C)
masquerade, (D)
countershading, and (E)
eyespots. Rows
indicate vertebrate (first
and third rows) and
invertebrate (second
and fourth rows)
animals from
Terrestrial (land-based;
first and second rows)
and aquatic
(water-based; third and
fourth rows)
environments (photo
credits © Lisa H. ©
João Vitor de Alcantara
Viana © Diego Delso ©
Rafael Campos Duarte
© Yuri Fanchini Messas
© Luis Pérez Berrocal ©
Christian Gloor © The
Lilac Breasted Roller, ©
Laszlo Ilyes, © Rickard
Zerpe © Tim Caro
© Gopp pi Terry Goss
© Rickard Zerpe © Luís
Felipe Toledo © Girish
Gowda © Baruc Acosta
© Claudine Lamothe.
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Some animals use camouflage to confuse others rather than to hide.
For example, masquerade is when an animal looks like something
else in nature, like a stone, leaf, or twig (Figure 2C). Camouflage
through decoration is similar, some animals stick things like sand or
algae onto their bodies to blend in. Other animals use movement
camouflage, like zebras. Their stripes make it hard for predators to
figure out where they are going when they move. Another tactic
is countershading. These animals are darker on top and lighter
underneath, which hides their shadows and helps them blend in. Great
white sharks, penguins, and some caterpillars use this trick (Figure
2D). Scientists are still learning about some camouflage strategies,
like distraction marks—spots that might draw attention away from
weak spots. We know that eyespots on some animals are a super
smart strategy. They can scare predators by looking like big eyes or
can trick predators into attacking less important parts of the animal
(Figure 2E) [3].

TERRESTRIAL

Animals that live
primarily on land, rather
than in water or air.

EFFECT OF ENVIRONMENTAL CHANGES ON CAMOUFLAGE

SUCCESS

Changes in the environment can a�ect how well animals’ camouflage
works. This can happen because of the seasons, random events, or
things people do, like pollution, that change the colors, textures, or
lighting in a habitat. A famous example comes from the peppered
moth (Biston betularia) during England’s Industrial Revolution. Back
then, factories released lots of pollution into the air, which made
tree trunks darker and killed the light-colored lichens that grew on
them. These changes helped darker moths hide better against the dark
trees, while lighter moths were easier for birds to spot and eat. Later,
when pollution got cleaned up and the trees became lighter again,
the lighter moths became harder to see, and the darker moths stood
out more.

Similar changes happen in places where fires are common, like the
Brazilian Cerrado savanna. In these areas, some animals develop
darker colors, a process called melanism, to blend in better after
fires darken the landscape (Figure 2A, second photo—melanic praying
mantis on a burned trunk) [8]. Even though we know about examples
like this, there is still a lot we do not understand about how
environmental changes a�ect camouflage. Scientists need to study
this more to learn how animals adapt to changing habitats.

A BRIEF HISTORY OF CAMOUFLAGE RESEARCH

A long time ago, scientists studying butterflies in South America
made big discoveries about how animals use color to survive.
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Henry Bates, exploring the Amazon, and Fritz Müller, working in the
southern Atlantic rainforest, found patterns that led to ideas like
Batesian mimicry (when harmless animals look like dangerous ones)
and Müllerian mimicry (when dangerous animals look alike). These
discoveries also helped support the idea of Evolution by natural
selection, showing how color helps protect animals from predators.

EVOLUTION BY

NATURAL

SELECTION

A process where
helpful traits make
some individuals more
likely to survive and
reproduce. Over time,
this can change a
species or create
new ones.

Later, scientists like Edward Poulton wrote in his essay The Colours
of Animals about how colors help animals in di�erent ways, like
camouflage, warning signals, and tricks to confuse predators. Artists
and scientists, like Abbot Thayer and Hugh Cott, worked together
to explain ideas like background matching and disruptive coloration.
Their books, such as Concealing-Coloration in the Animal Kingdom
(1909) and Adaptive Coloration in Animals (1940), used amazing
illustrations to show how animals use these clever strategies to survive
(Figure 3A).

The ideas of camouflage are not just for animals–people use them,
too. For example, during World War II, soldiers and vehicles were
painted with patterns or covered with objects to make them harder
for enemies to spot (Figure 3B). These camouflage techniques are
still used in the military today and are always improving. In peaceful
ways, camouflage also helps scientists learn more about animals.
For example, wildlife photographers use it to get close to animals
without scaring them (Figure 3C). Studying how animals use color
and camouflage inspires new ideas and helps us understand the
connection between living things and their environments. In a world
that is constantly changing due to human actions, understanding
how camouflage works is essential for helping animals continue their
natural process of adapting and surviving on our planet.

Figure 3

Figure 3

Early studies of
camouflage in
paintings and its use as
a tool by humans. (A)
Painting by Abbott
Thayer (1909) showing
the potential role of
camouflage in di�erent
sky landscapes (dawn
or dusk) and their
contrasts with white
and red flamingoes
(photo credit © Abbott
Handerson Thayer). (B)
German fighter plane
flying over the desert
during World War II
(photo from
Wikimedia). (C) Wildlife
photographer wearing
camouflage clothing to
photograph animals in
a forest (photo from
Wikimedia © Ragnisp ©
Diego Delso © Jeevan
Jose). kids.frontiersin.org October 2025 | Volume 13 | Article 1505014 | 5
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