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The White Bone Demon’s three disguises

How to hide in a variable world?



Masters of camouflage in nature

Camouflage strategy——Survival strategy



Interesting cosplay behaviors in nature —— Camouflage

Ossi Nokelainen and Martin Stevens, et al.,Current Biology,2016



Overview of Camouflage in Nature

• Types of camouflage —— nature's disguise toolkit

• The biological significance of camouflage ——the inevitable choice of evolution

• Value extension: from natural camouflage to human innovative applications
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Types of camouflage

Guangping Huang,et al.,Trends in Genetics,2024

Ossi Nokelainen and Martin Stevens, et al.,Current Biology,2016

function 
orientationCamouflage

Defensive Camouflage

Offensive Camouflage

Morphological camouflage

Morphological camouflage



Defensive Camouflage —— Survival Is the Only Goal

1. Protective Coloration : hide in the 

environment

Zimova, M., et al., Biological Reviews,2018

Zimova, M., et al., Ecology Letters,2016 Han Zhang, et al., Nature Ecology & Evolution,2025



2. Morphological Mimicry : Imitation of the shape and environment objects

Defensive Camouflage —— Survival Is the Only Goal

Kallima inachus

Phasmatodea

Lithops N. E. Br.



Defensive Camouflage —— Survival Is the Only Goal

The defensive function of the Kallima butterflies’ mimicry

Zhang et al. ,Zool. Res., 2024



3. Disruptive Coloration : break the "visual interference" of one's own outline

Defensive Camouflage —— Survival Is the Only Goal

Edge-enhanced camouflage

Wendy J. Adams,et al., Proc. Royal Soc. B: Biol. Sci. ,2019

Rebecca J. Sharman,et al.,Scientific Reports,2018



4. Signal analog : “scare off" or "confuse" predators

Defensive Camouflage —— Survival Is the Only Goal

Aposematic Mimicry（Müllerian 

mimicry）

The imitated object : toxic and inedible
Imitator : toxic or nontoxic 
Signal :           = toxic
Beneficiary : both

Phyllobates 

terribilis

Batesian Mimicry

The imitated object : toxic and inedible
Imitator : nontoxic
Signal :  Shape and color
Beneficiary : imitator 

Danaus plexippus Limenitis archippus



Offensive Camouflage—— Take the Initiative to Gain Benefits

1. Ambush Camouflage : lie in wait and 

standby

Panthera pardus Ceratophrys ornata Trimeresurus stejnegeri

Nepenthes

Oona C Lessware,et al., Annals of Botany,2024



Offensive Camouflage—— Take the Initiative to Gain Benefits

2. Aggressive Mimicry : actively attract prey

Lophiiformes

Hunting for food
(female)

parasitic males

Peter C. Wainwright, Current Biology,2024



Offensive Camouflage—— Take the Initiative to Gain Benefits

2. Aggressive Mimicry : actively attract prey

Hymenopus coronatus

Xiao-Jin Pei,et al.,Nature Ecology & Evolution,2025



Offensive Camouflage—— Take the Initiative to Gain Benefits

3. Active Camouflage : real-time camouflage

Thaumoctopus mimicus



3. Active Camouflage : real-time camouflage

Offensive Camouflage—— Take the Initiative to Gain Benefits

Erica N. Shook,et al.,Current Opinion in Neurobiology,2024
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The biological significance of camouflage ——the inevitable choice of evolution

Individual level

Predator avoidance

Foraging success 

Species and 

ecological levels

Interactions among species

Maintaining equilibrium

Han Zhang, et al., Nature Ecology & Evolution,2025

J.C. O’Hanlon,et al., Behavioral Ecology,2015
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Value extension: from natural camouflage to human innovative applications

1. Military and Materials Science

Adaptive infrared-reflecting systemsBiological inspiration of cephalopod

Xu et al., Science,2018



Value extension: from natural camouflage to human innovative applications

2. Cross-disciplinary innovation

变色龙启发的自适应光响应聚氨酯薄膜
用于动态安全的多维“阅后即焚”加密



• Camouflage can be classified into protective camouflage and aggressive camouflage based on its function.

• The fundamental purpose of camouflage is to increase the survival rate and the success rate of hunting.

• Camouflage is extremely necessary at both the individual biological level and the ecological level.

Take home message



Masters of Camouflage in Insects 
— The Mechanisms of Insect Camouflage

Molz



圆掌舟蛾
(Phalera Bucephala)

枯叶蛱蝶
(Kallima inachus)

核桃美舟蛾
(Uropyia meticulodina)

兰花螳螂
(Hymenopus coronatus)

苔藓竹节虫
(Trychopeplus laciniatus)

The master of mimicry in the insect world

中华蜜蜂
(Apis cerana)

中华马蜂
(Polistes chinensis Fabricius)

长尾管蚜蝇
(Eristalis tenax)

Ceriana vespiformis Bombylius discolor



The master of mimicry in the insect world

长尾管蚜蝇
(Eristalis tenax)

Bombylius discolor

hoverfly beefly



• Mimesis in peppered moth adult and larvae

• Mimicry in syrphid flies (Batesian mimicry)

Hoverfly

Honey bee
Peppered moth (adult)

Peppered moth
(larva)



• Mimesis in peppered moth adult and larvae

• Mimicry in syrphid flies (Batesian mimicry)

Peppered moth (adult)



Can you distinguish between a moth and a butterfly?

M B M

M

M

B B

B B



Moth vs. Butterfly: How to tell the difference



Mimesis in peppered moth, Biston betularia Linnaeus

measuring wormgeometrid moth



‘typica’ ‘carbonaria’

1830
Industrial Revolution was completed
In Britain

1848
The first collection of a black-winged specimen.
In Manchester

1895
The proportion of black moths surged to nearly 100%
In Manchester

Body color change of peppered moth population before and after Industrial Revolution



Lamarckism vs. Darwinism

Use and disuse theory Natural selection

Lack of reproducibility

By J.W. Heslop Harrion

53:3

By Niko Tinbergen

The first experiment on natural selection

Industrial melanism in the peppered moth is still one of the clearest and most easily understood examples of 
Darwinian evolution in action



The genetics of the peppered moth, Biston betularia

‘typica’ ‘carbonaria’‘insularia’

T C

I1 I2 I3

Lees, D., Creed, E., Heredity, 1977. 



I3>I1>T

C>I3>T

I2>T

I3 ? I2 ? I1 

Lees, D., Creed, E., Heredity, 1977. 

Multiple alleles regulate body color in the peppered moth



Hof, A., et al., Nature, 2016.

class II DNA transposon

cortex

A transposable element regulates “carbonaria” in the peppered moth 



• Natural selection has shaped the distribution of body color within peppered moth populations.

• The transposable element facilitated the swift adaptation of peppered moth coloration to 
environmental changes.

Summary 1



• Mimesis in peppered moth adult and larvae

• Mimicry in syrphid flies (Batesian mimicry)

Peppered moth
(larva)





Mimicry behavior in peppered moth larvae



second instar

Larvae change in body color after the second instar larval stage



X X

X X

The larvae can gradually change their skin color according to their environment, independent of vision



The larvae select environments matching their body color without relying on vision



The expression of photosensitive proteins has been detected in the larval skin tissues



cuticle

epidermis 
fat

cuticle

epidermis 

fat

Composition of skin colour in green, brown, and ‘white’ peppered moth final instar larvae



Larvae presented flat (gray) are more vulnerable to attack than those standing at a posture (white)

Rowland, H.M., et al., Sci Rep, 2020.



• Peppered moth larvae mimic their surroundings through both coloration and posture.

• This mimicry does not rely on vision.

Summary 2



• Mimesis in peppered moth adult and larvae

• Mimicry in syrphid flies (Batesian mimicry)

Hoverfly

Honey bee

How does hoverfly deceive fool predators?





Models with varying degrees of similarity to the imitated subject in design



Samples with stronger imitation capabilities are less susceptible to attack



mantis

jumping spider

crab spider

Invertebrates can also discriminate against mimetic insects to some extent



Species with generalist mimicry do not always have better odds of survival.



The color of the mimic is the most effective form of mimicry



• Nutritional ecology of parental care

• Nutrition and cooperation 

• Evolution of parental care in insects

• Mating strategies



Hoverflies that mimic bumblebees are more attracted to blue flowers than non-mimicking ones



Zeng H, et al., iScience. 2023.

Imperfect mimicry can still convey a benefit



• Peppered moth populations rapidly adapt to their environment through transposon element under 
environmental pressures.

• The skin of peppered moth larvae can sense the environment and develop corresponding coloration.

• The color of hoverflies is an important mimicry characteristic.

• The flower color preferences of mimics tend to match those of their models.

Take home message
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Masters of camouflage in other animals and plants

 Camouflage strategies of Non-aquatic organisms？

 How do aquatic animals camouflage themselves?

 What are the camouflage strategies in plants？



The visual circuit in mammals

（Judit R.Pungor et.al .Current Biology.2023）
(《Atlas of plant and animal histology 》.2017)

The visual pathway is one of the neural bases of camouflage

Cephalopod retina

The visual system can extract abstract visual information from complex environmental patterns



The neural regulation of camouflage behavior also requires a motor 

control system and hormonal regulation

The motion control system of squid

Hormonal regulation:Cortisol、Thyroid hormone



 Camouflage strategies of Non-aquatic organisms？

 How do aquatic animals camouflage themselves?

 What are the camouflage strategies in plants？



光周期

Adaptive introgression underlies polymorphic seasonal camouflage

in Snowshoe Hares

（Matthew R. Jones et.al .Science. 2025）



MC1R  α-MSH  dark eumelanin 

MC1R  ASIP   lighter pheomelanin 

leucine and lysine at residue 101 

The genetic basis for adaptive seasonal coloration in the Least Weasel

（In^es Miranda et.al .Mol. Biol. Evol. 2021）

melanocortin-1 receptor (MC1R) —— pigmentation gene



A generalist camouflage tactic——Animal-to-background similarity 

was generally high at global scale  in Sahara–Sahel desert rodents

Predation, as top–down selection pressure, appears to drive phenotype–environment 

convergence and a generalist or compromise camouflage tactic
（Ossi Nokelainen et.al .J Anim Ecol.2020）



Biases in motion extraction—potentially leading to biases in overall motion 

perception and, consequently, disrupting detection—do occur for moving 

patterned targets

（Julie M. Harris et.al .Annu. Rev. Vis. Sci. 2025）

（Martin J. Howa and Johannes M. Zanker .Zoology. 2014）



Photonic crystals cause active colour change in chameleons

small close-packed guanine crystals19

S-iridophores
sun radiance

light transmitted by the dermis

the light backscattered by deep iridophores

reflectance spectrum

D-iridophores

Panther chameleons rapidly change colour (hue) by actively tuning the photonic response of a lattice of small 

guanine nanocrystals in S-iridophores

（Je´re´mie Teyssier et.al .Nature Communications. 2015）



Mirrored sacs that contain reflective guanine crystals and attenuate 

over 80% of the incident visible light 

PAM

Glassfrogs conceal blood in their liver to maintain transparency

（Carlos Taboada et.al. Science. 2022）



 Camouflage strategies of Non-aquatic organisms？

 How do aquatic animals camouflage themselves?

 What are the camouflage strategies in plants？



Scattering and reflecting from Hatchetfish scales contributes to camouflage

The composite refractive structure in hatchetfish skin increases camouflage from all viewing angles when 

illuminated either by ambient light and/or by a predator’s searchlight

（Eric I. Rosenthal  et.al. The Royal Society .2017）



Gene associated with melanogenesis Gene associated with iridophore  

Thyroid hormones repress melanophores formation and promote the 

proliferation of xanthophore and iridophore in Spotted scat

（Yongguan Liao et.al . BMC Genomics.2025）



（Chuan Chin Chiao  et.al  .J Comp Physiol A .2015）

Visual perception mechanisms that regulate rapid adaptive camouflage in 

cuttlefish

No vision - photosensitive cells

Vision → Brain → (camouflage) Motor control

Low background intensity tends to evoke stronger disruptive patterns The contrast of the benthic background



（Theodosia Woo, Xitong Liang  et.al  .Nature.2023）

The dynamics of pattern matching in camouflaging cuttlefish



（Tessa G. Montague .Current Biology .2023）

chromatophores(Yellow/Red/Brown)

and papillae

ms

The cephalopod brain and camouflage control

Neural control of cephalopod camouflage



• There are apparently no pigmentary blues 

or greens in cephalopods. 

• Octopus vulgaris has yellow, orange, red, 

brown and also black chromatophores.

Chromatophores, which are neuromuscular organs innervated directly from 

the brain, and not under any kind of hormonal control
chromatophores and reflecting cells and skin muscles

• Each chromatophore organ comprises an elastic sacculus containing pigment, 

to which is attached a set of obliquely striated radial muscles, each with its 

nerves and glia. 

• When excited the muscles contract, expanding the chromatophore;when they 

relax, energy stored in the elastic sacculus retracts it.
（J. B. MESSENGER  .Biol. Rev. 2001）



 Camouflage strategies of Non-aquatic organisms？

 How do aquatic animals camouflage themselves?

 What are the camouflage strategies in plants？



（Han Zhang  et.al. Nature Ecology & Evolution .2025）

Leaf camouflage is due to a transposon insertion in the bHLH35 gene, which 

acts as an enhancer and leads to anthocyanin accumulation in the leaves

Insertion of 245bp



 The essence of camouflage is an adaptive strategy.

 Among non-aquatic animals, the camouflage strategies are diverse, including: coat color 

camouflage, texture camouflage, color camouflage, transparent camouflage etc. Involving 

the photoperiodic changes of hair scales, the regulation of pigment cells and the reflection of 

structural colors. 

 Among aquatic organisms, some fish use iridines to reflect light. They can also regulate the 

activity of melanocytes by using thyroid hormones produced by the HPA axis. In octopus , 

they rapidly change color through pigment cells，reflex cells and skin structure. 

 The camouflage strategies of plants usually include changing colors and shapes to adapt to 

the environment.

Take home message


