
[image: Life in Colour]


[image: LIFE in COLOUR]



[image: Life in Colour: How Animals See the World. By Martin Stevens]



[image: ]


CONTENTS



	COVER

	TITLE PAGE

	ABOUT THE AUTHOR

	INTRODUCTION

	FRIEND OR FOE














	1



	4

	6

	9

	7

	8

	12

	10

	11

	13

	15

	16

	17

	18

	22

	19

	20

	21

	23

	24

	25

	26

	27

	29

	28

	30

	31

	32

	33

	34

	35

	36

	37

	40

	38

	39

	41

	42

	43

	44

	45

	46














































































































































































































































































	Cover

	Frontmatter

	Table of Contents

	Begin Reading






ABOUT THE AUTHOR

Martin Stevens is Associate Professor of Sensory and Evolutionary Ecology in the Centre for Ecology and Conservation at the University of Exeter, UK. His research and teaching focuses on animal behaviour and their sensory systems and ecology. Most of his work aims to understand the evolution and function of animal coloration, including camouflage, mimicry, and warning signals, from the perspective of animal vision. He has published over 80 scientific manuscripts, two textbooks, and a general audience book on deception in nature.

Martin’s research is frequently covered in the international media. He has taken part in a wide range of TV, radio and magazine productions, and given public lectures around the world.




INTRODUCTION

In springtime, the British countryside is awash with colour: carpets of bluebells cover the woodland floor; brightly coloured robins, bullfinches and other birds dash back and forth to their nests; and insects, sporting a dazzling variety of hues, buzz all around. Colour is everywhere in nature, and it signifies the diversity of life better than almost anything else.

To us, the world can be a stunning place, but what is it like for other animals, and what functions does colour serve? The great variety of appearances in nature is no coincidence, for colour plays a critical role in practically every aspect of animal behaviour. It is key to attracting a mate, recognising individuals and species, deterring predators, and tricking others to do things that they might not otherwise intend.

The vibrancy of nature goes hand in hand with the variety of ways that animals perceive the world. For colour is not, as we often tend to assume, a property of an object itself, but rather a sensation imparted on animals as a consequence of how their vision and brain work. When we see a rainbow, we perceive a beautiful array of colours. This happens because white light from the sun passes through water droplets in the sky, which split the light into different wavebands, like a prism. Through the presence of several types of cells in our eyes – the cones – our vision is capable of capturing light of different wavelengths. Our brain colours different parts of the spectrum with a sensation of a given hue: red for longwave light, blue for shortwave light, and so on; but, the wavebands of light themselves have no intrinsic colour. Animals with different types of colour vision therefore should not see the world or, indeed, a rainbow quite like we do. Were a sea lion to gaze out of the water at a rainbow over the ocean, it would see no colour at all. A dog running along the beach would see the blue- and yellow-type hues, but not the pinks or reds that we do. On the other hand, a gull flying over the waves might see all the colours we sense, plus a variety more besides. Colour is in the eye of the beholder.
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Beauty is in the eye of the beholder – not all animals can appreciate the colour of a carpet of bluebells in spring.
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Some armour-plated molluscs have simple eyes distributed all over their body, like Ferreira’s chiton from British Columbia.
The costumes of animals are rarely uniform blocks of a single colour. Instead, they come in all sorts of patterns and shapes, from the intricate eyespots on the wings of an emperor moth to the zig-zag markings on an adder. To see such patterns, animals must perceive spatial information in their environment, using sets of cells in their vision that form an image. This is normally undertaken using specific organs – the eyes. Sure enough, eyes have evolved multiple times during the history of life and come in myriad forms. We are most familiar with the camera-type eyes of humans and other vertebrates, with a single opening and lens, where light is focused onto the back of the eye – the retina, on which an image is formed. Yet eyes vary substantially. Insects, for example, possess an assortment of compound eyes, made up of thousands of tiny lenses, each projecting an image of a small part of the world onto the light-sensitive cells below. To them, the world looks rather more blurry.

Other types of vision are truly hard to comprehend. Small marine molluscs called chitons have hundreds of eyes all over their body, as do giant clams, with sparkling eyes distributed in lines along the outer mantle. Most bizarrely of all, some animals appear to be able to perceive crude differences in lighting, and even objects, without eye structures at all. They have sets of visual cells spread out over their whole body. Brittle stars have such an arrangement, and can orientate towards shelter in this way. Quite what the world looks like to these animals is hard to imagine.

With such an abundance of eyes to see the world, and so much variation in how creatures perceive light, it is, perhaps, unsurprising how widely colour patterns are used in nature, and the diversity in appearances they take – unsurprising, but magnificent, for colour in nature is what helps animals to stay alive, find food and reproduce. What’s more, the diversity in how animals see their environment means that creatures living in the same place can perceive things quite differently. Groups of animals, for example, can communicate with one another using colours or patterns of light that are invisible to rivals or dangerous predators. Such private channels of communication can be hidden from us too, with their use of ultraviolet or polarised light. The natural world is one of technicolour, but each creature perceives only a snapshot of what’s out there.
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In Costa Rica, this red-eyed tree frog adopts green hues for camouflage and red for communication.
Not all colour in nature has a function, yet there is no doubt that the diversity in hues and patterns is frequently involved with a specific task, often in some form of communication. To begin with, colour plays a major role in enabling species to recognise one another, including to prevent mating with the wrong species, or even for animals to recognise specific individuals, be they friend or foe. Appearances are also of great importance to attract a suitable mate and convince a reluctant suitor that the bearer is up to standard.

On the other hand, colour can be central to signifying dominance and controlling rivalries, not just for mating, but in access to food or other resources. In many species, colour serves a critical function in defence, from warning predators that an animal is defended with toxins or spines, to camouflage, in order to hide in plain sight. Last but not least, colour is widely employed in deception, from sneaking past dominant rivals to get closer to potential mates, to tricking others into raising the young of another species as their own. Variety is the spice of life, and in nature that is exemplified perhaps no better than with the uses and diversity of colour.
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Deceiving the eyes of both predators and prey, this satanic leaf-tailed gecko from Madagascar takes camouflage to its highest level.




CHAPTER ONE

FRIEND OR FOE


Our planet’s wildlife is spectacularly rich in colour – witness the striking markings on a blue-ringed octopus or the vivid green body and bright red eyes of a tree frog – but these colours are not there simply to look pretty. They serve a vital purpose, for colour is a key ingredient in the many remarkable and sometimes sinister ways that animals behave and how they influence the behaviour of others.

Communicating species identity is an important process in evolution, the inhabitants of coral reefs exemplifying the diversity of different colour patterns as well as any forms of life, not least in the myriad fish species that exist there. Decorated in yellows and blues, pinks and reds, reef fish dazzle scuba divers who descend into their vibrant world. Some fish peep out of crevices in the coral, while others brazenly swim in and around the habitat in great shoals. The most widely known, perhaps, are the clownfish. Of these, the most instantly recognisable species are the orange clownfish and the ocellaris clownfish, two species with the classic orange body and white stripes, often fringed with black outlines. They are colourful and charismatic (and make for good cartoon characters).

[image: ]
Coral reefs teem with colour, and many fish use bright hues to communicate, including the towbar anemonefish, seen here shoaling alongside lyretail anthias in the Red Sea, Egypt.
The clownfish are a group of 30 or so species whose origins date back between 10 and 20 million years, in a region around Southeast Asia and northern Australia. Today, they still inhabit reefs throughout this area. On hatching, larval clownfish enter a short planktonic phase, floating around in the ocean currents before juvenile fish search out and settle on suitable coral reefs. How they find the right locations is remarkable in itself. In many cases, they quite literally smell the coral reefs, or locate them based on odours from terrestrial trees that grow nearby, often on the shore. These provide reliable cues as to the likely existence of a good place to call home. Juvenile fish also locate reef habitats based on their noise. We don’t tend to appreciate it, but coral reefs are noisy places and many fish and other animals communicate with sound, not to mention creating a variety of noises as they fight, feed and generally go about their everyday lives.

Once on a suitable patch of reef, the fish locate a specific creature – the sea anemone. (This has given them one of their other common names, the anemonefish.) Clownfish are reliant on sea anemones for protection, and the adults always live with them. The stinging cells of the host offer safety from predators, and even the odd tasty morsel that the fish can cheekily steal. Quite how the fish avoid being stung themselves is not fully known, but it’s thought they secrete a layer of mucus on their skin that protects them from being harmed. They also undergo an acclimatisation period whereby they gradually increase contact with the host anemone, until they can swim freely among its stinging tentacles. (It looks rather like they are dancing into the anemone.) There’s little doubt that the clownfish benefit from their home, with some estimates suggesting that clownfish live up to six times longer than similar-sized fish species that do not use anemones. To add to that, the clownfish eggs are laid close to the anemone, and they too get protection. In return, the anemone seems to benefit in a number of ways too. The body movements of the fish lead to increased water flow across its home, and the clownfish will often clean its host and aggressively drive away potential predators. It is a classic case of mutualism, where both species benefit from the relationship.

[image: ]
Clown anemonefish from Bali, Indonesia, take refuge in an anemone.
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Clown (top left), Clark’s (bottom left), saddleback (top right) and tomato (bottom right) anemonefish from the Indo-Pacific show a variety of costumes that potentially help them to recognise their own species.
Across the 30 species, clownfish are remarkably diverse in their costumes. Their base colour spans red, brown, orange and even black, marked with up to three distinct body stripes arranged in a variety of shapes and orientations. Size is also variable, with some species just 6 or 7 centimetres long, while others can be more than 15 centimetres. Colourful pigments of various types enable clownfish to produce their striking colours, and special cells and tissue structures that reflect light, especially white light, make the stripes stand out. Juveniles sometimes have more stripes than the adults, and lose some of them as they mature.

The function of the stripes and base colour and their variation among species is not entirely clear. On one level, some appearances may aid in camouflage, blending into parts of the reef and breaking up the body outline. As with other reef fish, given the multi-coloured nature of the habitat, being colourful does not necessarily preclude concealment, and the appearance of the fish may even act as a warning to predators not to attack, since the clownfish cohabit with a dangerous ally. Potential predators might learn that the markings on a clownfish are a warning that they could be stung by the host, should they be foolish enough to venture too close. The best evidence to date, however, is that the coloration acts, at least in part, as communication between the fish, and specifically in recognising their own species.

Scientists have shown that the stripe patterns found on species living in different places depend on the diversity of other clownfish in the neighbourhood, and in turn, what those other species look like. Fish species living in the same area tend to use dissimilar colours and stripe patterns – this is to be expected when colour is used in recognising species. The distinctive stripes help individuals to associate correctly with their own kind, and possibly also help reinforce any dominance hierarchy and other types of social communication. In clownfish society, the breeding pair is dominant over the other non-breeding fish living together in the anemone. Not only that, sometimes several clownfish species occupy the same parts of the reef and even share the same anemone. These different species also have a pecking order, with one species dominant over another. When this happens, those species that are likely to share anemones also tend to be different in appearance, so that they don’t mix each other up.

* * *

Of course, this use of colour and patterns for species recognition and identifying individuals is not exclusive to fish. Primates also have a rich variety of behaviours and interactions stemming from their appearance, not least that of each other’s faces.

The forests of Central and West Africa are rich in primates, not only iconic ape species such as chimpanzees, bonobos and lowland gorillas, but also a range of colourful monkeys, including the guenons. Guenons live in groups, and not just of their own kind, but often with several different species, resting, feeding and travelling together. They are hard to observe, generally living high up in the canopy, where they interact using a variety of sounds and facial expressions while feeding on fruits, seeds and insects. Each species has its own channels of communication but, as might be expected from living together, individuals from different species can understand each other, especially alarm calls.

[image: ]
Communicating identity, status and intent is often achieved with facial colours and expression in primates, such as in this red-shanked douc langur, from Vietnam.

BEHIND THE SCIENCE

Animals go to great lengths to identify their own species from other similar ones. There are many reasons for this. One is that convincing a potential partner that you are a worthy mate by performing elaborate courtship rituals is a huge investment, so a lot of time and energy would be wasted if you end up trying to impress individuals of the wrong species. Should different species end up mating, then a whole raft of problems may arise: fertilisation is not successful, for example, or any resulting offspring are not viable because they might incur any number of maladies that render them unable to survive or reproduce themselves. In short, hybridising is not usually something evolution favours, so species have evolved mechanisms to avoid it.


Being species that are closely related and living side by side, there is a real risk that different guenon species might breed with one another, but they have a wonderful way of preventing this. During their evolution, the group has undergone extreme diversification in face patterns and colours, giving them some of the most distinct and variable faces on the planet. The various species have a wonderful range of eye tufts, colourful face marks, white noses and eyebrow patches. Some look like they’ve been painted by a make-up artist – the red-eared guenon has a blue face mask around the eyes, light yellow cheek tufts, a white chin ruff, and a red nose and snout. Others, such as red-tailed and putty-nosed monkeys, have a nose so bright it looks as if it’s been dipped into a pot of ultra-white paint.

As with the clownfish, species of guenon monkey living in the same location look very different in facial appearance. Essentially, they need to differ when there is a greater risk that they’ll meet one another, or indeed share the same group, making it easier for them to tell each other apart. We don’t know exactly what has driven the evolution of specific facial features of each guenon species. Why do some, for example, have a blue eye mask and others a white nose? One thing is clear, however: some species have just one salient feature in order to recognise their own kind, such as the white nose of a putty-nosed monkey, while other species rely on a combination of features. Mona monkeys, for instance, recognise each other by a yellow forehead and cheek tufts, a pink muzzle and a blue face mask. Faces may also be used to distinguish one individual from another, since facial appearance can vary within a species. Yet faces don’t reliably differ with age or sex, so they don’t seem to play a role in courtship. Facial features are used in identifying species and individuals, although it’s not entirely clear why different guenon species go to such extremes, and have the striking faces that they do. It must have something to do with standing out in the crowd and accentuating their facial expressions.

* * *

In the forests of Laos and Vietnam lives an endangered primate whose appearance is so remarkable it is sometimes referred to as the ‘costumed ape’. Red-shanked douc langurs are monkeys, rather than apes, however, and they live in groups of 15 or more males and females up in the forest canopy. Each langur has dark charcoal-grey fur over its head and body, spreading into white along the ends of the arms, a bit like hairy gloves. The legs are rich brown-red, almost as if each individual had pulled on a pair of trousers, and a long white tail dangles down from the branch it is sitting on, but it is the face that is its most remarkable feature. Two large brown eyes are set into a mask of orange, which looks as if it had been dusted with make-up, and eyebrows highlighted in blue. A ring of long white hair around the face finishes the look.

Groups travel through the forest looking for good spots to eat, where they forage on young leaves and flowers. Sometimes they will settle in to feed for several days before moving on. Living in a group of up to 50 individuals, however, requires a certain etiquette and pecking order to be adhered to. Social interactions are important, with each group member acquiring a different status and dominance rank that dictates its level of influence. That’s where its face comes in. Maintaining dominance ranks, and just keeping the group together, requires being able to recognise individuals, and the face of each monkey is different from all the others in the troop. Furthermore, langurs supplement the colour of their masks with a variety of facial expressions, including combinations of gaping mouths, chin thrusts, baring their teeth and flexing the eyebrows. Different versions of these are used from mating through to play.

Communication, however, may not have been the original driver for colour vision and coloured faces. While the lives of langurs and guenons are greatly influenced by colour, many mammals – including a number of primates, such as certain species of lorises and lemurs – lack what we would consider good colour vision. They cannot distinguish colours that to us appear as reds, oranges, yellows and greens. Instead, the world effectively appears as shades of blue and green-yellow. Yet langurs, along with many other primates, have evolved the ability to tell apart reds, yellows and greens, and much of the driving force for this was foraging. In the tropics, the young leaves preferred by the monkeys tend to be red and yellow, as are many flowers and fruit. Being able to see these colours is therefore a major advantage. As a consequence of evolving better colour perception for finding food, the monkeys were also freed up to use a range of colours to communicate, leading in one way or another to their curious faces. The yellow-orange colour of the mask stands out noticeably to other monkeys against the green forest background, and probably enhances the clarity of their curious facial expressions. This is common in nature: animals and plants frequently use colours to help individuals or particular body features stand out from their surroundings.

[image: ]
In the forests of Central and West Africa, several species of guenon may mingle in the same group. The characteristic faces of red-tail (top left), De Brazza’s (top right), lesser white-nosed (bottom left) and mona (bottom right) monkeys help them mate only with their own kind.
* * *

Within groups of clownfish and guenons, individuals display some differences, but variety occurs mostly from one species to the next. While langurs recognise individuals based mainly on variation in the colour patterns they display, some animal groups show even greater individual differences, and this can be crucial for social interactions to work.

Many wasps, especially the common highly social species with which we are most familiar, are keen predators, actively flying around looking for food, and so expose themselves to a range of threats, from predatory birds to dragonflies. Their bright yellow and black coloration, therefore, warns these enemies not to attack or risk being on the receiving end of the wasp’s strong jaws and painful sting. What’s even more intriguing is how they conduct their lives, and how colours and patterns are important in keeping the peace in wasp colonies. The various worker wasps, along with the dominant queen, live together and perform the tasks needed to protect the nest, find food and raise the next generation. To achieve all this requires a reliable system of communication, and some species of wasps have a surprising one.

The golden paper wasp is widespread in North America, especially common around woodland where it can source the material needed to make its paper nests. Most individuals have the typical black and yellow warning colours, but the patterns and colours on faces and abdomens vary enormously, with countless shades of brown and black, together with spots, stripes and other markings. It is a social species, living in a colony with a queen and around 200 adult female workers. The colony is usually founded by several potential queens who fight aggressively to take the top role. The winning queen is the most dominant individual and monopolises the production of young, while the losers fight for their place in a dominance hierarchy. Next in the pecking order will become queen and take over should the monarch die. As the workers are produced and mature, they also take on a given rank in the hierarchy. It determines the role played in the nest and how much aggression an individual receives from the other workers.

[image: ]
Golden paper wasps in Arizona, USA, construct a nest and live together under a strict hierarchy. The rank of each individual is revealed to others by its facial pattern.
For a hierarchy of this sort to work, it is essential that wasps are able to identify each other, and this is achieved by looking at one another’s faces. Should any worker not be recognised, because it has novel face markings, it is subject to much more aggression; that is, until the point at which they become familiar to their nest mates. Clearly, for high-ranking wasps, this helps maintain their position in the colony without always having to fight for it. In turn, the benefit for lower ranks is that they suffer reduced aggression, provided they are recognised.

Other species of wasp that are broadly similar, but have just one queen and no such dominance hierarchy, have much less variable faces. What’s more, when tested in experiments, they are not very good at remembering face patterns – because normally they don’t have to. In the golden paper wasp, the diversity in faces, and a good memory for recognising them, is driven by the need to maintain a strict rank. In some regards, it is surprising that wasps remember and recognise faces, not because they have relatively small brains compared to primates, but because the compound eyes of insects do not offer great resolution or ability to see detail. However, calculations of the size of the face and abdominal markings, as well as how effectively wasp eyes may resolve pattern sizes, suggest that wasps should be able to see these patterns, although not from very far away – within a few centimetres.

* * *

[image: ]
The faces of golden paper wasps reveal a variety of colours and patterns that help individuals to recognise one another.
While reducing aggression in a social system through the use of colour signals can be helpful in maintaining order, for some animals, aggression can come from other sources, leading to striking and sometimes deceitful ways to prevent it. In these cases, deterrence reflects a balance that changes over time between attracting attention when it is valuable and avoiding confrontation. Giving off the right signals at the right time must also take into account other risks, not least being seen by unwanted eyes. Striking the right balance regularly occurs in the context of mating, when animals, especially females, frequently need to trade off successful reproduction with avoiding, not necessarily predators, but over-amorous males.

Knowing who to mate with and who to avoid is an issue many animals face. This does not only apply to correct species identification, but also in telling apart males and females. To this end, the sexes within a species often look very different, particularly in their colours and patterns. One explanation for such differences is mate choice: males must dazzle and impress discerning females. Damselflies do things differently.

Damselflies are no less colourful than many other adult insects, but they have more than two colour types, i.e. one for males and one for females. After spending sometimes years as aquatic larvae, adults emerge and live for just a few days or weeks. In that comparatively short time, they must reach maturity, successfully mate and lay their eggs in and around sources of water. Competition for mates is not so much akin to the elegant displays of many birds, but more of a mating scramble. There is intense competition among males, so females are harassed by males desperate for success. Many get hurt, waste lots of energy avoiding males and even risk being seen by predators that may be attracted to the mêlée. Some avoid these encounters by the clever use of colour.

[image: ]
The blue-tailed damselfly is a common species in Europe, with different colour forms signifying its sex and readiness to mate.

The rich variety of colours seen in damselflies, from deep reds to bright blues, is produced by a variety of mechanisms that are flexible in how they work and combine. Some colours are made by pigments in the hard body cuticle and in cells just below this, and these selectively absorb certain wavelengths of light, leaving other wavelengths to produce hues such as reds or yellows. Other colours, especially blues, are produced by granular structures that form as the insects moult. They interfere with incoming light so that only certain wavelengths are reflected back. These processes allow damselflies to produce a kaleidoscope of colours. It also enables a number of species to exist in multiple colour varieties. Females, in particular, may exist as several colour types. Being an ancient group of insects, dragonflies and damselflies have had ample opportunity to evolve excellent colour vision to perceive these different varieties.

[image: ]
An immature violet form of the blue-tailed damselfly – her hue signals that she is not ready for courtship.
The blue-tailed damselfly is abundant in Britain from spring to early autumn. The male of this species has, as the name suggests, a beautiful bright blue tip on the end of its otherwise dark abdomen. The same vivid blue markings are set alongside black on the main body and even across the eyes. However, colour changes with age. The body colour of immature males can be almost emerald green, but, for this species, it is the females that vary the most. They exist in at least five different colour varieties, ranging from the same blue found in males to violet, yellow-green, and even reddish-brown, with or without the colourful tail tip. Like males, female colours also vary with reproductive status: they can be blue, brown or yellow-green when they reach maturity. Why do these females vary so much? A large part of the answer is to avoid the unwanted attention of males.

[image: ]
A common bluetail damselfly from Australia.
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Dragonflies and damselflies have excellent colour vision, well-suited to telling apart the multitude of colour forms.
Male damselflies tend to focus on those female colour types that are most common and overlook rarer forms. So, a female will be harassed less if she is blue, when most other females are green. Over time, the frequency of colour types can vary from one to the other depending which is in vogue, along with the anti-harassment protection they provide, but, by mixing things up, the intensity of male pressure can be lowered, at least for some.

The colour of immature females, usually violet or pink, also protects them from harassment. It’s a sign that these females are not yet ready to breed. Once they do mature, females with the blue male-like form are pestered less than those that take on the distinct female form. However, there’s likely more to it than simply to avoid pestering. On the one hand, yellow-brown and brown forms probably benefit from being less detectable to predators, such as birds, as their drab bodies blend in with their background. On the other hand, the blue forms can be more easily seen against, say, green reeds by potential mates, but risk being spotted by predators. So a female’s colour strikes a balance between being identified by potential mates when she is ready to breed, not being seen by potential mates when she wants to avoid being harassed or when she is immature, and not being eaten by predators.

Some wily females go one better. They delay any colour change until the very last minute, and one such species is the Australian common bluetail. Males are bright blue, and many females are brown or dull green, but some females are also blue. These blue females resemble males and, indeed, can effectively fool males that they are also males and so avoid being harassed. Instead, they can forage and live in relative peace. When it comes to the time to mate, however, they perform a clever trick. They simply change colour to a typical female green or brown form. The transformation takes just 24 hours, an astonishingly quick modification, and these females are just as likely to mate successfully as those that never try to mimic males at all. So, colour diversity in damselflies is dependent on sex and the individual and can vary over time.

* * *

All these animals – clownfish, guenons, wasps and a host of others – use colours that we can see, so we can observe directly any differences between species, sexes and individuals just as they can. Many animals, though, use channels of communication that are hidden from us.

Tropical coral reefs are bursting with colour, yet we perceive these environments very differently from many of the reef’s inhabitants, who see colours and light in a variety of ways. Some species of reef fish have excellent colour vision, comparable to or even better than our own. Other reef residents, including species of shrimp, lack colour vision at all, seeing their environment in shades of grey. The vibrancy of the reef and its creatures depends on the eyes of the beholder. This matters in visual communication.

The Ambon damselfish is a species found on reefs around the Indo-Pacific region and is especially well known on the coasts of Queensland, Australia. Their vivid yellow colour is actually a relatively good match with the colourful reef environment. We often assume that the blues and yellows of reef fish make them stand out, especially when seen out of context; yet, the blue can blend in well with the watery backdrop, and many corals and sponges have a yellow hue.

Ambon males are very territorial and chase away rivals from their patch, especially when trying to keep tabs on females who they hope will breed within their area. Should a rival male come close, the territory owner will turn side on and display his body and fins as a threat. If that doesn’t work, he chases the gatecrasher away and even delivers a nasty bite. Yet some fish look exactly alike and swim right through without being challenged. Ambon damselfish are known to communicate with a range of sounds, but this is not the case here. The intruder is, in fact, another species – a lemon damselfish. To us, it’s almost indistinguishable from the Ambon, but it is actually very different, displaying colours and patterns hidden from our eyes.

[image: ]
By using ultraviolet face patterns, hidden from predators, male lemon (top) and Ambon (bottom) damselfish from Indonesia can detect rivals intruding into their territories.

BEHIND THE SCIENCE

To uncover how the damselfish are communicating, we use modern advances in imaging technology that enable us to record videos and photographs in parts of the light spectrum that we miss, most notably ultraviolet light. Humans, at least those who are not colour blind, see colours in nature by detecting different wavelengths of light using three receptors in our eyes, called the cone cells. Of these, one is sensitive to relatively shortwave ‘blue’ light, another to mediumwave ‘green’ light, and the third to longwave ‘red’ light. The colours we see depend on how various wavelengths of light stimulate these cells. Likewise, given our visual range, most conventional cameras and video recorders detect colours in a similar way to us and cover the same overall range of ‘visible light’. Human vision is incomplete, though. Many other animals can see ultraviolet light, to which we are blind. Our lens cuts out ultraviolet wavelengths before they reach the retina, and we have no cells in our eye dedicated to measuring this spectrum of light. Those animals that do perceive ultraviolet have special receptors in their eyes specifically for detecting these very short wavelengths, but with special cameras, designed to detect ultraviolet light, we can also record patterns and colours that show up in this part of the spectrum. They can reveal hidden worlds.


[image: ]
UV markings act like facial fingerprints on the lemon (top) and Ambon damselfish, with markings on the face and body revealing identity (bottom).
Seen under ultraviolet, sets of intricate markings appear on the faces of the damselfish. These vary between the two species, and damselfish can see them. The fish have cells in their eyes that detect this part of the light spectrum, as well as having cells that record more familiar colours. So, the resident Ambon can see that the lemon damselfish is another species and not a threat to his group of females or his territory. He can safely leave the visitor alone. These damselfish also differentiate between individuals of the same species based on their ultraviolet face patterns. The fish learn to recognise the specific markings found on different faces, and this may help them to further refine their behaviour, depending on whether a fish is a known rival or an unknown quantity.

The reason damselfish communicate with ultraviolet face markings is probably to remain below the radar and avoid attracting predators. Their bright yellow colour is good camouflage against the reef, but adding contrasting colours to attract mates and communicate with others of the same species might compromise this disguise and heighten the risk of being seen. After all, damselfish are the perfect size to make a tasty meal for something like a rock cod or a coral trout, but these large predatory fish cannot see ultraviolet; they lack the right receptor cells. What’s more, owing to the very short wavelengths involved, ultraviolet light also scatters quickly and cannot be seen easily from more than a few metres away. By hiding their facial recognition patterns in colours that predators can’t detect and that only work at short range, the Ambon damselfish can manage potential conflicts without compromising its wider safety.

* * *

The ability to see and communicate at the ultraviolet end of the light spectrum is surprisingly common in the animal kingdom, with creatures as diverse as birds and bees adopting it in a variety of tasks, but it is not the only property of light that we cannot appreciate directly. There is another communication channel that is even more alien to us.

The forests of South and Central America are home to an abundance of stunning butterflies, including the Heliconius or passion-vine butterflies.
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