EXAM
Discuss the use of camouflage techniques among both predator and prey species

3 Main types of camouflage, crypsis, mimesis and motion dazzle
[bookmark: _Hlk71532949]Crypsis is used by both predators and prey and covers a variety of techniques that involve visually confusing potential prey/predators.  More than one technique is often used to maximise the efficiency of the camouflage.  

[bookmark: _Hlk71543962]The techniques include; disruptive colouration,eliminating shadow,distractive camouflage,cryptic behaviour,self-decoration,counter shading,counter illumination,transparency,silvering,colour change

Predator – Predator species, disruptive colouration (tigers, cats),  

Case studies
Snow leopard, bird dropping spider

Prey- Prey species will often employ aposematism, warning colouration to avoid being eaten.  This can lead to different species evolving to mimic these colours as a form of defence. Batesian, Mullerian, aggressive.

Camouflage techniques used by prey more often than predators include: motion dazzle (zebra, how does it work?) distractive camouflage, mimesis – stick insect

Case studies
Batesian- hawk moth
Mullerian – butterflies
Aggressive – Angler fish / praying mantis
Olfactory camouflage – Californian ground squirrel – rattlesnakes
Auditory mimicry- birds














Introduction 

Both predator and prey species use a variety of camouflage techniques, to blend into their surrounding environment.  There are three main types of visual camouflage that are used and cover a range of different techniques, crypsis, mimesis and motion dazzle.  As well as camouflage, mimicry is also common globally in different environments, terrestrial and marine, and is primarily used as a defensive strategy.  Not limited to visual distraction, smell and sounds can be used to try and dupe predators into thinking twice before attacking.  With egg mimicry observed in various bird species (they camouflage their eggs to look similar to the hosts own brood), the common cuckoo (Cuculus canorus) lends its name to other species that behave similarly, with cuckoo wasps (Chrysididae) and cuckoo catfish (Synodontis multipunctatus) also mimicking behaviours of others or demonstrating brood parasitism.      
Crypsis
Crypsis is used by both predators and prey and covers a variety of techniques that involve visually confusing potential prey/predators.  More than one technique is often used to maximise the efficiency of the camouflage.  

The techniques include; 

Disruptive colouration- Works by breaking up the outline of the body, most effective when colour matches the background environment

Eliminating shadow- Pressing their bodies close to the ground reduces the presence of shadows, some animals will have hairs protruding or unusual body shapes to help eliminate this.

Distractive camouflage- similar to disruptive colouration, purpose is to break up the outline of the body reducing the chances of being recognised as prey.

Cryptic behaviour- Evident in stick insects swaying in trees, behaving similarly to the surrounding environment.

Self-decoration- using materials to cover themselves to blend in to the background.

Counter shading- The underneath is lighter than the top of the animal (Thayer’s Law) 

Counter illumination-Same as counter shading but light is produced by photophores, not skin colour

Transparency- Light travels through them/refracts 

Silvering- Similar to transparency, at some angles fish become reflective making them hard to identify/catch

Colour change-chromatophores, cephalopods 



Mimesis
Mimesis is the use of camouflage to imitate an object that does not attract interest but does not blend into the background.  More common in prey species, examples of this are stick/leaf insects (Phasmatodea).  While appearing to look like a stick could be enough to remain undisturbed, these insects also use cryptic behaviour as they sway in the wind to further imitate the branches they live on.  As they eat flora, this camouflage is purely for defensive purposes and not to gain a predatory advantage (Bradler and Buckley, 2018).  
Motion dazzle
Motion dazzle is found predominantly in prey species, to visually confuse the predator giving chase.  While other camouflage techniques become ineffective when the animal begins to move, motion dazzle is a way to overcome this.  Zebras (Equus quagga) are a prime example of this technique, with the stripes affecting vision in two specific ways.  The wagon wheel effect is where the perceived motion is inverted, and the barber pole illusion where the object seems to be going the other way.  The crypsis techniques of disruptive colouration and distractive camouflage are also in use.  These effects are more pronounced when more than one zebra is present, being herd animals is obviously beneficial in this case. (How and Zanker, 2014)   
Predator
Predator species are often found to use primarily crypsis camouflage techniques as they are likely to hunt for food while on the move.  There are few other techniques that could benefit them, for example mimesis would not be practical for a cheetah (Acinonyx jubatus) as the environment it is native to is not suitable.  However, other predators that operate a ‘sit and wait’ method of predation could employ mimesis camouflage, but there is a fine line between this and some crypsis techniques and are often both used simultaneously.  The bird dropping spider (Celaenia excavate) mimics a bird dropping, sitting motionless in its web during daylight hours and it as an adult, actively hunts nocturnally.  Using a blend of mimesis and cryptic behaviour diurnally.  While hunting, hanging upside down from a leaf, the spider releases a scent that mimics the female pheromones of the female Lawn armyworm moth (Spodoptera Mauritia) attracting specifically the male of the species to its grasp, demonstrating both aggressive mimicry and olfactory camouflage (Bird-dropping Spiders - the Mimic Master Celaenia excavata (C. kinbergii ), no date).       

All species of cats are commonly found to have disruptive colouration and demonstrate cryptic behaviour.  With cheetahs and lions (Panthera leo) fur coloured to blend in with the dry African Sahara habitat, tigers (Panthera tigris) and wildcat (Felis silvestris) have evolved striped patterns to hide easily in the shadows of their forested environment.  (Cuthill, 2019)       

Snow leopards (Panthera uncia) have a thick fur covered in a blotchy light and dark pattern to successfully integrate into their surroundings of mountainous, rocky and snow-covered slopes.  To get close enough to their prey and gain the advantage of surprise, crypsis camouflage, general colouration and patterning suited to their environment, along with the physical hunting behaviour of the snow leopard improve the chances of a successful kill.  (‘McCarthy_et_al_2003_Snow_leopard_survival_strategy.pdf’, no date)    
Prey
As prey species have evolved along side their natural predators, in order to improve their survival strategies some have developed different camouflage techniques.  While aposematism (warning colouration to communicate to predators that the prey is toxic/harmful in some way or inedible) is a useful tactic, other species have replicated the warning markings for their own or mutual benefit through different methods of mimicry.  

Mimicry
The imitation of another organism’s physical characteristics or behaviour.  Broadly there are three types of mimicry, Batesian, Mullerian and aggressive, although olfactory and auditory imitation can also be included. 

Batesian
This form of mimicry is used by a species pretending to have the same defences as another honest species.  Commonly found throughout the animal kingdom, examples include the nonvenomous scarlet kingsnake (Lampropeltis elapsoides) that has developed a very similar colouration pattern as the venomous coral snake (Micrurus fulvius).  Although it is a form of imperfect mimicry with the rings and colours not being identical, it is accurate enough to deter any potential predators from attacking ((Kikuchi and Pfennig, 2010).  As well as mimicry, the banded colouration the snakes have are also produce a flicker fusion effect, where if moving fast enough the prey blends in more effectively to its background (Umeton, Read and Rowe, 2017).

A species of hawk moth (Hemeroplanes triptolemus) if disturbed during the moulting stage, can mimic the appearance of a venomous pit viper, even including the infrared detecting heat pits the snakes are known for. It also mimics snake behaviour and strikes when threatened, reducing the likelihood of being eaten (This Harmless Caterpillar Looks Like a Pit Viper, 2018).         

Mullerian
Mimicry of this type is used by more than one species to produce a network of mutual camouflage that benefits all involved.  Observed in butterflies, more than one species has evolved to become unpalatable to predators and has developed a specific colour pattern on its wings.  Other species have also become unpalatable and so mimic the colour pattern of the other, helpfully benefitting both species if one is eaten (Sherratt, 2008).      

Aggressive
‘A wolf in sheep’s clothing’ is a common term description of this kind of mimicry, as it involves the use of prey behaviour to lure others before attacking.  Perhaps the most common form of mimicry among predatory species such as female Angler fish (Lophiiformes) who have a piece of dorsal spine that is tipped with luminescent bacteria that attract unsuspecting prey fish within reach (Anglerfish | National Geographic, 2010).  A similar technique is adopted by alligator snapping turtles (Macrochelys temminckii) but the worm-like lure is attached to the floor of its mouth (Drummond and Gordon, 1979).


Olfactory camouflage
A less common sensory form of camouflage, olfactory is the disguising or elimination of the individual’s scent for defensive or attacking strategic gain.  Predated by numerous species of rattlesnake (Crotalinae), California ground squirrel (Otospermophilus beecheyi) chews up and spits out discarded rattlesnake skin, then applies the paste to its tail. The ground squirrel then smells somewhat like its main predator. The rattlesnake, which hunts via smell and body heat, is confused and hesitant about attacking another venomous snake (Clucas et al., 2008).

Auditory mimicry (Batesian Acoustic Mimicry)
Usually found in birds, many species will mimic other birds or even other animals in order to deter predators.  An example of this is the Australian magpie (Gymnorhina tibicen) that has been observed imitating the calls of two predatory owls, the barking owl (Ninox connivens) and the boobook owl (Ninox boobook).  However the magpie is also able to mimic other non-predatory song birds, so further research needs to be conducted into the context on which these calls are performed, whether or not the mimicry of the owls is defensive or purely coincidental (Kelley et al., 2008).  
Conclusion
The use of different camouflage techniques among predator and prey species can be clearly grouped into effective techniques that work for both parties, and those that are beneficial for prey and predator separately.  Crypsis camouflage techniques largely favour predatory species as they are effective while on the move, coupled with hunting behaviours such as stalking, shadow elimination, and in marine environments counter shading, transparency and self-decoration, they are methods of camouflage that can be applied to larger animal species enabling them to get to within striking range of their prey.  

All forms of camouflage/mimicry can be observed by prey species as it is only useful to escape predation and not essential for access to food.  For example, with herbivores, the flora is not aware of them therefore the herbivores do not require camouflage for sustenance, they only need camouflage to decrease the likelihood of being seen by predators.  This increases the options of camouflage available to develop.

There are some forms of camouflage that have evolved to be used by both predator and prey, similar patterns on leopards and giraffe (Giraffa) show that it is the environment that dictates this and not the animals’ diet.  

In conclusion, over thousands of years, I believe almost every animal has developed at least one technique/method of camouflage, being visual, auditory or olfactory.  Without this, it would become extinct in a short period of time.  In order for predator and prey to coexist within the same environment, the ‘survival of the fittest’ ensures the continuation of more extreme forms of camouflage evolving in the animal kingdom.
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