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Editors Preface

In nearly half a century since the publication of E. B. Fords New Naturalist Moths, there have been exciting advances in our understanding of the biology of moths. In particular, moths can now tell us more than ever before about the ways in which natural populations evolve, even over short periods within an ecologists lifetime. Michael Majerus brings us these developments in this new book. As a boy he eagerly devoured Fords earlier volume, which greatly influenced his subsequent career, and he sees this present book as a direct outcome of that early stimulus. Like his eminent predecessor, he combines an infectious enthusiasm for the natural history of the group with a disciplined scientific approach and a particular fascination for ecological genetics, a field in which moths provide excellent tools for digging into evolutionary questions. This book sets the rich complexity of moth biology in an evolutionary context and shows how the study of this group illuminates more general principles; in sharing his enthusiastic affection for moths the author brings us an alluring introduction to topics such as insect biology, mimicry, predation, dispersal and ecological genetics. By drawing attention to the many unsolved questions to which naturalists might contribute, even without expensive equipment, he tempts us to become active participants in the study of moths as they evolve before our eyes, adapting to the rapid environmental changes that result from human activities.


Authors Foreword and Acknowledgements

There are many things that this book is not. It is not a book about moth collecting. It is not a book about how to identify moths. It is not a book about how to study moths. But it is a book about moths: about their lives, their behaviour, their struggles to survive and reproduce within a hostile environment, their multitude of enemies, their extraordinary capabilities in avoiding them, and their future in the face of human-driven change. It is also a book about their beauty.

I was incredibly flattered when I was asked to write this book. I have been a fan of the New Naturalist series since I was ten and a fan of E.B. Ford for just as long, for it was on my tenth birthday that I was given a present of Fords Butterflies. To emulate Ford in writing two books for the New Naturalist series I felt was a great honour. However, I only accepted this undertaking after considerable thought and with some trepidation.

I think it necessary to make it clear that this book is neither a revision nor simply an updating of Fords wonderful New Naturalist Moths. Indeed, although professionally my field of expertise is that of ecological genetics, a field of science that Ford founded, I have tried to avoid the basic genetical ground covered in Fords Moths. This is largely because the fundamentals of genetics described so clearly by Ford nearly half a century ago have changed little, and I would still recommend anyone with an interest in the way that characteristics of moths are inherited to read Fords two books, Butterflies and Moths.

This book is concerned more with the place of moths in the biological world. It is thus a book on the natural history of moths, dealing with their behaviour, ecology and evolution. The first chapter introduces the subject of moths, discusses human perceptions of them and describes how they are related to what most people would recognise as the other group of the order Lepidoptera, the butterflies. Chapter 2 describes the basic life cycle of moths, treating each of the four major stages separately while showing how they fit together in the overall cycle from generation to generation. In Chapter 3, the basic processes of evolution that have moulded and continue to mould moths are discussed.

Chapters 4-8 consider how moths live their lives, in a context of their interactions with one another and the rest of their environment. The backdrop of these chapters is a very simple equation that is relevant to all populations of all organisms. It is simply that changes in population size depend on the birth rate, the death rate and any migration into or out of the population. Chapter 4 deals with reproduction and all that that entails, from sex determination through the various and complex aspects of courtship and mating to the point when females finally lay their eggs. Chapter 5 follows the life cycle through the main feeding stage, the larval stage, to the pupa and finally the adult. Here host plant preferences and habitat specialisations are considered. The adult theme is continued in Chapter 6 with a consideration of moths flying abilities, their dispersal, migration and distributions. Death rate is considered in Chapter 7, in which the various biotic enemies of moths, including man, and other causes of moth death, are described. Chapter 8 tells the other side of the story in a discussion of the many and various survival traits that moths have evolved to foil those that would make a meal of them.

Chapter 9 is the only chapter that appears to deal with one single phenomenon. It is the phenomenon of melanism. Here the case of the rise and fall of melanic Peppered moths is considered in the wider context of melanism, in relation both to industrialisation and otherwise. The importance of cases of melanism in moths as examples of the action of natural selection is stressed.

The final chapter considers the interrelationship between moths and man. Positive and negative interactions are considered from both the human and the moth point of view.

The book is furnished with a glossary to help with scientific words where I have felt that their use was either necessary or desirable. I have used references sparingly to avoid disrupting the flow of the text. All scientific references mentioned are included in the bibliography at the end of the book.

Throughout the book I have used the English names of moths (where I know them), giving the scientific name on first usage in each chapter. The names used follow Skinner (1984), Emmet (1991a) and Bradley (2000).

I have had a passion for moths from a very young age. I still have. I am also a trained scientist. My training has added tremendously to my appreciation for and fascination in the moths that I encounter. I hope that in this book I have introduced some readers to scientific ideas and principles that will enhance the way they look at these beautiful insects, while leaving untarnished the magic and mystery of moths.
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1
Of Moths

Of Moths and Butterflies

The question that I have been asked most often in over 40 years of collecting, studying and talking about moths and butterflies is: What is the difference between a butterfly and a moth? There is no easy answer, but the question itself has always been something of a puzzle to me, for it implies that moths and butterflies are similar enough that people have difficulty in telling one from the other. Yet the public perception of the two is strikingly different. In short, butterflies are nice, and moths are nasty.

Many times I have wondered why public views of moths and butterflies should be so disparate: I have even met a number of people who have phobias about moths, yet actively like butterflies. The answer, I think, lies in the cumulative effect of several things.

First, butterflies are brightly coloured and fly by day, flaunting themselves in the sunshine, while moths are often creatures of the night and many have dull and dowdy colours. As Penny Haddrill, one of my postgraduate students, put it, the trouble with moths is that they are brown and hairy and they flap. One of my close friends in the Department of Genetics in Cambridge, Dr John Barrett, calls them LBJs (little brown jobs). Yet, in Britain, there are more species of day-flying moth than there are species of butterfly. Many of these day-flying moths are brightly coloured and as such are often misidentified as butterflies.

Second, moths invade our homes at night, flying in through our windows, attracted by our lights, which they fly around rapidly. And of course they eat our clothes. Many people believe that this is a general characteristic of moths and that it is the adult moths that eat fabrics. This belief goes back to the Old Testament of the Bible, where the book of Isaiah (Chapter 51, verse 8) warns:


For the moth shall eat them up like a garment, and the worm shall eat them like wool: but my righteousness shall be for ever, and my salvation from generation to generation.



Moths also appear in a poor light in the New Testament where, in St. Matthews Gospel, Jesus is recounted to say during the Sermon on the Mount:


Lay not up for yourselves treasures on earth where moth and rust doth corrupt, and thieves break through and steal: but lay up for yourselves treasures in heaven, where neither moth nor rust doth corrupt, and where thieves do not break through nor steal: for where your treasure is, there will your heart be also.



In fact the number of species of clothes moth in Britain can be counted on ones fingers, out of a total of over 2,000 moth species. They are all small moths from a single family, the Tineidae. Most are now uncommon, having declined dramatically as man-made fibres have come to dominate our apparel. The adult moths of these species do not eat clothing, but the caterpillars do.

Third, and perhaps more legitimately, moths have the reputation of doing considerable damage to many crops and some garden plants. The army worms of Africa, the cutworms of many British allotments, vegetable gardens and herbaceous borders, and the winter moths and Codling moth, Cydia pomonella, that attack our fruit trees, are some of the more renowned and obvious pests. There can be no doubt that the larvae of moths are responsible for a considerable amount of damage. However, humans have harnessed the feeding capacity of some moths for our own benefit. For example, the pyralid moth, Cactoblastis cactorum, was successfully introduced into Queensland, Australia, to control the Prickly Pear Cactus, which had become a serious pest in the early part of the twentieth century, having originally been introduced as an enclosure plant for sheep.

It is somewhat ironic that although we tend to think of butterflies as beautiful delicate insects, and moths as dowdy and drab, it is a group of the latter, the silk moths, that provide the raw material for some of our own most beautiful creations. The commercial Silk Worm, Bombyx mori, long extinct in the wild, is farmed in vast numbers to produce the silk for many of our finest fashion garments. It is the larvae of this rather unattractive moth, with its dull and reduced wings, that manufacture silk from modified salivary glands, particularly when they weave the cocoons in which they pupate.

The difference between moths and butterflies

There are a number of stock answers to the question what distinguishes a moth from a butterfly?. Moths fly by night while butterflies fly by day. Moths are usually brown or grey or black, while butterflies are brightly coloured and patterned. Moths hold their wings down across their bodies in a roof-like pose when at rest (Fig. 1.1a), while butterflies hold theirs perpendicular (Fig. 1.1b). Moths have thick bodies (Fig. 1.2a), while butterflies are slender-bodied (Fig. 1.2b). Finally, the antennae of moths taper to a point (Fig. 1.3a), while those of butterflies end in a club (Fig. 1.3b). However, there are problems with all these answers. Many moths are characteristically day-flying and many of these are beautifully coloured and very strikingly patterned. In Britain, one has only to think of some of the burnet moths (Plate 13f) or tiger moths (Plate 1c) to see that this is so. In the tropics, many spectacularly coloured and patterned moths are found. Some are day-flying, such as the Zodiac moth, Alcidis zodiaca (Plate la), of tropical Australia, while others, such as the moon moths (Plate lb), are active at night. Although most moths hold their wings together along their bodies when at rest, a significant minority hold them perpendicular, the Early Thorn, Selenia dentaria, being an obvious example (Plate 7b). Indeed, the British moths display a diverse array of resting postures (Fig. 1.4). Furthermore, many butterflies hold their wings flat early in the morning while warming up in the sunshine. Moths of many families do have thick bodies compared with most butterflies (for example, Plate 1d). However, those of many other families, including two of the largest families, the Geometridae and the Pyralidae, have very slender bodies and are at least as delicate as most butterflies (for example, Plate 1f). The tapered antennae of moths and the clubbed antennae of butterflies are perhaps the most reliable distinguishing characteristic, although two families, the skipper butterflies (Hesperiidae) and the burnet moths (Zygaenidae), still give scope for confusion, for both have antennae with a club which tapers to a point at the end (Fig. 1.5).
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Fig. 1.1a (left) A Privet Hawk moth, Sphinx ligus-tri, resting with the wings in a roof-like posture.
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Fig. 1.1b (below) A Moorland Clouded Yellow butterfly, Colias palaeno, with the wings held straight up from the body.
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Fig. 1.2a (left) The thick abdomen of the Kentish Glory, Endromis versicolora.
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Fig. 1.2b (above) Butterflies (for example, the Swallowtail, Papilio machaon) have relatively thin bodies.
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Fig. 1.3a (left) Moth antennae typically taper to a point.
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Fig. 1.3b (below) Typical butterfly clubbed antennae.
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Fig. 1.4 The resting postures of some moths. (Drawings by Anne Bebbington.)



So, there appears then to be no strictly correct answer to the question of what distinguishes moths from butterflies. In fact, the butterflies appear to be what is called a monophyletic group within one of the major divisions of the order Lepidoptera, the Ditrysia. Their monophyly means that they have all evolved from one ancestor that split off from the moths. The Ditrysia are defined on the basis of the female genitalia. In this huge group which includes about 95% of all the Lepidoptera, two apertures exist on separate abdominal segments, one for mating and the other for egg-laying. In primitive moths, either a single aperture serves both functions or, if two apertures are present, they are on the same segment. The monophyletic butterfly group is called the Rhopalocera (Dumril 1823) on the basis of their clubbed antennae. Until recently, this group included two superfamilies, the true butterflies or Papilionoidea and the skippers or Hesperioidea. However, Scoble (1986) has given a well-reasoned argument for including a third superfamily within this group. This superfamily is the Hedyloidea, which is represented by a single genus, Macrosoma, of 35 known species confined to tropical America. Inclusion of this superfamily within the Rhopalocera seems to be taxonomically justified as evidence suggests that they are a sister group to the Papilionoidea, having diverged from this group after the Rhopalocera split off from other ditrysians. However, their inclusion also increases difficulty over what is a butterfly and what is a moth, for the Macrosoma are nocturnal, do not have clubbed antennae and generally sport dull colours of browns, greys or whites.
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Fig. 1.5 The distinction between tapering moth and clubbed butterfly antennae is confused by two groups of Lepidoptera.

a) The antenna of a skipper butterfly, with the clubbed end tapering to a point.

b) The antenna of a burnet moth, which has a club-like swelling before tapering to a point.
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Fig. 1.6 A classification of the main lineages of the Lepidoptera. The Ditrysia contain the following superfamilies of moths in Britain: Tineoidea, Yponomeutoidea, Gelechioidea, Cossoidea, Tortricoidea, Sesioidea, Zygaenoidea, Scheckensteinioidea, Epermenioidea, Alucitoidea, Pyraloidea, Pterophoroidea, Drepanoidea, Geometroidea, Bombycoidea, Noctuoidea. The butterflies Papilionoidea and Hesperioidea are usually placed within the Ditrysia, after the Pyraloidea and Pterophoroidea, but before the Geometroidea, Drepanoidea, Bombycoidea and Noctuoidea. (After Scoble 1992.)



Leaving aside the Hedyloidea, the butterflies are all closely related. However, the same cannot be said of moths, or the Heterocera as Dumril (1823) termed them. Many evolutionary splits have given rise to the different main moth lineages. These are shown in Figure 1.6. Within the Ditrysia, some appear to have diverged before the Rhopalocera split off, others afterwards.

In summary, there is no single difference that separates all butterflies from all moths. Indeed, perhaps the safest definition of moths that I know is that attributed to Dr David Sharp: The only definition that can be given of Heterocera is the practical one that all Lepidoptera that are not butterflies are Heterocera (Holland 1968).

Moth myths

The difference in perception of nice butterflies and nasty moths is reflected in the differences in the way the two groups have been used in literature. As already intimated by the two biblical quotations earlier, over the centuries, moths have had a bad press. Butterflies are usually thought of and written of in terms of their beauty and delicacy. Moths, however, tend to be connected with decay and death. I remember when writing my doctoral thesis, which concerned the evolutionary genetics of the Angleshades moth, Phlogophora meticulosa, seeking an appropriate quotation that would reflect my enchantment with these elusive inhabitants of both night and day. My searches led to frustration as I came upon passage after passage reflecting moths in a poor light. Finally, I did find one, but only one, quotation that I thought would suit. It is the final sentence of Emily Bronts Wuthering Heights:


I lingered round them, under that benign sky: watched the moths fluttering among the heath and harebells; listened to the soft wind breathing through the grass, and wondered how anyone could ever imagine unquiet slumbers for the sleepers in that quiet earth.



Still to this day this passage instantly transports me back to days spent on windswept upland heaths in northern England, Scotland or Lapland, watching Black Mountain moths, Psodos coracina, (Plate 14a), or the small yellow and white underwings, Anarta species (Fig. 1.7), flying over heather and grass in the sunshine. But this is the exception. To most people, moths have a darker side.
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Fig. 1.7 The Broad-bordered White Underwing, Anarta melanopa.



Perhaps the species of moth most associated with legend is the Deaths-head Hawk moth, Acherontia atropos. The skull marking on its thorax (Fig. 1.8), the way it holds its dark brown wings back along its body, slightly parted to reveal the yellow, blue and black markings along the abdomen, all contribute to the impression of a skeletal Death in his dark cowl (Fig. 1.9). This impression has given the moth its name and has drawn this species into disrepute, aligning it with the forces of darkness. In Hungary, for example, the entry of a Deaths-head into a dwelling place is considered a harbinger of an imminent death in the family. In France, it was thought that a single scale from a wing of a Deaths-head in ones eye would cause blindness. Consequently, a Deaths-head fluttering around a candle, shedding scales with every beat of its wings, was not welcomed. More recently, the Deaths-head was used to great effect in the Oscar-winning film The Silence of the Lambs. From a lepidopterists point of view the film was a disaster, for the pupae that were drawn from the mouth of one of the victims of the serial killer had jug-handled, tongue-like proboscises and were obviously not those of a Deaths-head. Furthermore, in one scene the proboscis is shown unrolled by a needle to a length of perhaps five centimetres (Fig. 1.10). The proboscis of a Deaths-head is a relatively short, stubby organ and does not exceed two centimetres.

The association of moths with death is also found in English literature. J. Wyatt, writing in 1973, recalls, In Lancashire big moths are known as night buggerts. I remember being told as a boy that if one came into the house there would be a death in the family.


[image: image 12]

Fig. 1.8 The skull mark on the thorax of a Deaths-head Hawk moth, Acherontia atropos.
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Fig. 1.9 The Deaths-head Hawk moth at rest, with its skull, and with its wings slightly apart showing the ribs.
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Fig. 1.10 The proboscises of many Hawk moths, such as this Convolvulus Hawk moth, Agrius convolvuli, are long and thin, and of the type shown in the film The Silence of the Lambs, but the proboscis shown in the film could not have been that of a Deaths-head Hawk moth, which is short and stubby.



From the Newcastle Weekly Chronicle of 11 February 1899 comes, Clothes moths are ghosts, and every time one is killed there is a danger of injuring a relative. Earlier, in his Evolution of an English Town, M.S. Calvert (1828) writes,


It be an ill sign to the dying if a dark winged moth make at the bed light and fall at it, but it be a good sign should a light winged one come thrice and go its way unharmed. Even if it do fall at it, it doth say nothing worse than the ailing one will soon die but that the death shall be the freeing of a happy soul.



Pale or white-winged moths have frequently been said to be the souls or ghosts of the dead. Thus, a large moth seen in the room of a dying person is sometimes believed to be the soul quitting the body. It must not be killed (Opie & Tatem 1989). M. Trevelyan (1909), in Folk-Lore of Wales, records that, Aged people used to say that white moths were the souls of the dead, who in this form were allowed to take farewell of the earth. In the same book, speaking of witches, he notes, When they die their souls pass out of their bodies in the shape of a great big moth.

From Cornwall comes a charming little poem, titled The White Moth:


The light above the poets head Streamed on the pane and on the cloth, And twice and thrice there buffeted On the black pane a white-winged moth: Twas Annies soul that beat outside And Open! open! open! cried.



On a brighter note, another common connection is between moths and the arrival of post. Thus, from various volumes of Notes and Queries (1849-date) comes: If a moth persists in flying round about you it is said to be a sign that you are about to receive a letter. According to the size of the moth will the letter be (1869); or, If a moth flies round the lamp once, it is a sign of a postcard, twice a letter, three times a parcel (1922); or still, If a moth flies around the light at night a letter will come in the morning (1954).

Moth facts

Worldwide there are nearly 200,000 species of moth. They form the major part of the Lepidoptera, which thus comprises the Earths second largest order of organisms, after the beetles (Coleoptera), making up about 10% of all known species. Moths occur throughout the terrestrial world, from inside the Arctic Circle to the tropics. Diversity increases with decreasing latitude and decreasing altitude. Most moths feed on flower nectar as adults and the foliage or other parts of living plants as larvae. However, many other foods are taken by particular species. A few species are predators or parasites. All moths have scales and most have wings, although a few have lost their wings secondarily. For example, a number of species of the family Geometridae, such as the Winter moth, Operophtera brumata, have wingless females but are descended from species in which both sexes are fully winged.

Moths vary in size from the pigmy moths (Nepticulidae), Stigmella acetosa having a wingspan of only two to three millimetres, to the Owlet moth, Thysania agrippina, from Brazil, which has a wingspan of 300 millimetres. The moths with the largest wing area are the Atlas moths, Attacus atlas and Coscinocera hercules from tropical Southeast Asia and northern Australasia. The heaviest moths are females of some species of Cossidae. Some of the females of members of the genus Xyleutes from Australia can lay up to 18,000 eggs during their lives and may have abdomens 70 millimetres long with a girth of over 20 millimetres.

Moth names

All described species of moth have a scientific name. Many, but by no means all, have an English name as well. Conventions developed since the binomial system of taxonomy was introduced by Carl Linnaeus in the second half of the eighteenth century, govern scientific nomenclature. These conventions, overseen by the International Commission for Zoological Nomenclature (ICZN), are based largely on the law of priority: that the first used name for a species takes precedence over later names. Because of the importance of priority, the full scientific name of a species of moth, or any other organism for that matter, should have four parts. These are the generic name (the name of the genus to which the species is assigned), the name of the species, the name of the person who first bestowed the specific name on the species and the date on which this name was first published. Thus the full scientific name for the Deaths-head Hawk moth is Acherontia atropos (Linnaeus) 1758. The brackets around the describers, or authoritys, name indicate that the species was originally assigned to a different genus, in this case, the genus Sphinx. The reason for the strict rules over scientific nomenclature is to attempt to ensure that there is one, and only one, unambiguous name for each species, that can be used anywhere in the world, and to ensure that no two different species share the same name.

Colonel A. Maitland Emmet, in his wonderful treatise on the origins and meanings of the scientific names of British Lepidoptera (Emmet, 1991b), pays tribute to Linnaeus, noting that in 1758 he laid the foundations to the scientific names of the Lepidoptera. In so doing, he used a wide variety of bases for the names (see Box 1.1a), to the extent that few new types of name have subsequently been devised.
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Fig. 1.11 The burgundy-coloured saddleback and the horns of the Puss moth larva give it its Latin name, Cerura vinula, meaning horned and of wine.



I would heartily recommend Colonel Emmets book to any naturalist who has wondered over the scientific names of any species of organism. An understanding of the origins of and rationales behind these names not only provides an intrinsic interest to anyone with an enquiring mind, as most naturalists have, but also acts as a considerable aide-mmoire. Thus, knowing that the two parts of the scientific name for the Puss moth, Cerura vinula, mean, respectively, horned (from the abdominal appendages of the larvae) and of wine (from the colour of the saddle-shaped mark on the larvas back), immediately brings an image of the striking larva of this moth to mind (Fig. 1.11, Plate 9e and 9f).

Unlike scientific names, the common English names of species do not have to follow any strong rules of priority. So, for example, the Peppered moth, Biston betularia, was formerly called the Salt and Pepper, yet the more recent name is now used, rather than the original.

The English names have a similar range of rationales behind them to the scientific names given in Box 1.1a. Examples are given in Box 1.1b, where for each name type, I have given an example of a common name with the reason for the name if it is not obvious.

It is a shame that there is no book as scholarly as Colonel Emmets on the origins of the English names of British moths. That said, it perhaps helps maintain the pleasure of personal realisation, recognition and understanding, when one first recognises why some moths have the common names that they have. Many are obvious. Thus one only has to see a Burnished Brass, Phalaena chrysitis, (Plate 1e) or a Dot moth, Melanchra persicariae (Fig. 1.16), a White Satin, Leucoma salicis (Fig. 1.17), a Figure of Eighty, Tethea ocularis (Plate 3a), a Silver Y, Autographa gamma (Fig. 1.12), or a Twin-spot Quaker, Orthosia munda (Fig. 1.18), to understand the name. However, many are less obvious and have to be sought. The origin of the name of the Blackneck, Lygephila pastinum, is not difficult to find if the thoracic region of the moth is examined (Fig. 1.19). The Spectacle, Abrostola triplasia, also becomes obvious if viewed head-on (Fig. 1.20), so that the ringed anterior markings on the thorax can be seen. Harder, and requiring some imagination, is the Mother Shipton, Callistege mi, (Fig. 1.21), which has markings on the forewings that could be seen as the hooked nose, eye and pointed chin of an old woman. These markings are said to resemble the face of a Yorkshire witch named Mother Shipton.


Box 1.1a Types of name used by Carl Linnaeus in naming 542 species of Lepidoptera in Systema Naturae, Edition 10, 1758. (Adapted from Emmet 1991.)

1. Named after a character in classical literature (for example, Venessa atalanta, the Red Admiral butterfly: named after Atalanta, the famous beauty and athlete who raced her suitors and killed them if they lost).

2. Named after the larval foodplant (for example, Aglais urticae, the Small Tortoiseshell butterfly: from Stinging Nettle, Urtica dioica).

3. Adopting a name previously used for the insect in the literature (for example, Cerura vinula, the Puss moth: Linnaeus used the name previously used by Mouffet) (see text p. 21).

4. Named after a character in the wing pattern (for example, Autographa gamma, the Silver Y) (Fig. 1.12).


[image: image 16]

Fig. 1.12 The Silver Y, Autographa gamma, with the Y or gamma mark on the forewing shown enlarged (inset).



5. Named by comparison with a previously named species (for example, Celestrina argiolus, the Holly Blue butterfly, which was smaller than the previous species described by Linnaeus, Polyommatus icarus, the Common Blue butterfly).

6. Named after a structural character (for example, Hypena proboscidalis, the Snout: the elongate labial palps resemble a proboscis) (Fig. 1.13).

7. Named after some characteristic behaviour (for example, Phyllodesma ilicifolia, the Small Lappet, looking like a bunch of dead leaves when at rest).

8. Named by analogy with the appearance or behaviour of some person, creature or thing (for example, Lymantria monacha, the Black Arches, resembling a nuns habit) (Fig 1.14).


[image: image 17]

Fig. 1.13 The elongate labial palps of the Snout, Hypena proboscidalis, resemble a nose or proboscis.
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Fig. 1.14 The Black Arches, Lymantria monacha.



9. From fancy (for example, Catocala nupta, the Red Underwing, from nupta meaning a bride) (see text, p. 25).

10. Named after the habitat (for example, Crambus pratella, from pratum, a meadow).

11. Named because of difficulty in classification (for example, Triphosa dubiata, the Tissue, meaning doubtful as to whether this was a distinct species from Rheumaptera cervinalis, the Scarce Tissue).

12. Named after the season when the adult appears (for example, Operophtera brumata, the Winter moth, occurring on the shortest day).

13. Named after an individual entomologist or friend (for example, Dichrorampha petiverella, after James Petiver: 1660-1718).

14. Named after a place name, such as the type locality (for example, Mormo maura, the Old Lady, from Maurus, an inhabitant of Mauritania, from where the type specimen was taken).

15. Named as a result of its position in a series of species (for example, Emmelina monodactyla, the first in a series of six species of a family described by Linnaeus with the wings divided into finger-like feathery lobes).

16. Named for its aesthetic appearance (for example, Utethesia pulchella, the Crimson Speckled, from pulcher, beautiful).




Box 1.1b. Examples of Lepidoptera whose common English names appear to be derived for similar reasons to their scientific names. (The order of reasons is the same as in Box 1.1a, except for 3 which has been amended.)

1. Adonis Blue butterfly, Lysandra bellargus, after the beautiful youth loved by Aphrodite.

2. Juniper Carpet, Thera juniperata, from the common name of its foodplant, juniper.

3. (Derived from a previous Latin name.) The Vestal, Rhodometra sacraria. The scientific name of this species, given by Linnaeus, is sacraria, meaning a female keeper of a temple, a priestess, a vestal virgin. The vernacular name was probably taken from the Latin name.

4. Gold Spot, Plusia festucae, from the iridescent markings on the forewings.

5. Small Angleshades, Euplexia lucipara: similar to, but smaller than, the Angleshades, Phlogophora meticulosa.

6. Dotted Fan-foot, Macrochilo cribrumalis, named after the structure of the expansible hairy scent-pencils on the forelegs of the males (Fig. 1.15).

7. Drinker moth, Philudoria potatoria, from the often-observed habit of larvae drinking dewdrops.


[image: image 19]

Fig. 1.15 The name of the Dotted Fan-foot, Macrochilo cribrumalis, derives from the structure of the feathery scent brushes on the front legs.



8. Lobster moth, Stauropus fagi, from the resting posture of the larva (Plate 8f).

9. The Vestal, Rhodometra sacraria, because the simple yet beautiful pattern suggests chastity.

10. Fen Wainscot, Arenstola phragmitidis, from the fen lands that this species inhabits.

11. The Uncertain, Hoplodrina ambigua, because of the difficulty in distinguishing this species from others of the genus, such as the Rustic, Hoplodrina blanda and the Powdered Rustic, Hoplodrina superstes.

12. July Highflyer, Hydriomena furcata, because it flies in this month.

13. Blairs Shoulder-knot, Lithophane leautieri hesperica, named after its discoverer in Britain, K.G. Blair.

14. The Burren Green, Calamia tridens occidentalis (Plate 16d), named after its colour and the Burren, County Clare, Ireland, where it was first found in 1949 and where it is well established and locally common.

15. Least Yellow Underwing, Noctua interjecta, because it is the least of three, the others being the Large Yellow Underwing, Noctua pronuba, and the Lesser Yellow Underwing, Noctua comes.

16. Beautiful Yellow Underwing, Anarta myrtilli, named by comparison with the other yellow underwings. The forewings of this small, day-flying underwing are patterned in purple and white and are superb when fresh, particularly when seen in contrast to the yellow and black hindwings.
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Fig. 1.16 The reason for the naming of the Dot moth, Melanchra persicariae, is obvious.




[image: image 21]

Fig. 1.17 The wings of the White Satin, Leucoma salicis, have an obvious shimmering quality.
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Fig. 1.18 The Twin-spot Quaker, Orthosia munda.




[image: image 23]

Fig. 1.19 The Blackneck, Lygephila paslinum. The dark marking at the back of the head and front of the thorax gives this species its English name.




[image: image 24]

Fig. 1.20 (above) To understand the name of the Spectacle, Abrostola triplasia, the adult moth should be seen from the front.




[image: image 25]

Fig. 1.21 (right) The markings on the forewing of the Mother Shipton, Callistege mi. With a little imagination, the markings can be seen to resemble the face of an old woman, such as the renowned witch, Mother Shipton.



Many English names cannot be understood simply by looking at an adult moth, for some relate to the larval foodplant, an aspect of behaviour, or the habitat or geographic distribution of the species. Yet a certain feeling of achievement may be gained by understanding the names, and most make some sort of sense and help one to remember some critical feature of the species.

Of course, the namers of moths were also people of imagination with their own fancies. The rationales behind some moth names are now hidden and, since the deaths of their authorities, they will remain so, although they may be speculated upon. Thus, for example, Emmet (1991b) draws attention to Linnaeus habit of naming species with brightly coloured underwings after the fairer sex, with brides and fiances particularly featured (Table 1.1). He wonders whether eighteenth-century brides in Sweden were in the habit of wearing gaudy underwear to stimulate the groom, or whether maybe Linnaeus thought that they ought to do so.

The lack of international conventions relating to vernacular names of moths can lead to confusion in two ways. First, it means that the same species of moth may be called by different names in different countries, even if the same language is used. For example, Celerio lineata is the Silver-striped Hawk moth in Britain, but the Striped Morning Sphinx in America; the Dark Sword Grass, Agrotis ipsilon, becomes the Ypsilon Dart, while our Garden Tiger moth, Arctia caja, is the Great Tiger moth on the other side of the Atlantic. The problem is of course compounded in other languages. Second, the same name may be applied to two different species. Thus, for example, the Grey Dagger in Britain is Apatele psi, while in America it is Apatele grisea.

An inordinate fondness for moths

I have often wondered why moths have held such fascination for me throughout my life. To be honest, I have no answer. Possibly it was merely an extension of a fascination with insects generally. I apparently caught my first butterfly when four and may have simply assumed that moths and butterflies were virtually the same. I certainly never really distinguished between the two in my mind. By the age of six, I was aware that there was no sensible distinction between the two groups, for day-flying Six-spot Burnets, Zygaena filipendulae (Plate 13f), with their semi-clubbed antennae, were a common sight on the thistle heads on Ruislip-Northwood Common, near my home. I also began to appreciate at around this time, or a little later, that there were far more moths than butterflies. The abundance of moths was brought home to me the morning after one warm summer night in the early 1960s. I had left the bathroom light on, with the window open, to attract moths. The bathroom was crowded when my father went to shave in the morning, hawk moths rubbing shoulders with thorns, hook-tips, underwings, prominents, ermines and tiger moths. I remember that my father was not best pleased, while, once his anger had abated a bit, I was delighted and amazed at the diversity of the occupants of the bathroom.



Table 1.1 The names of species that have brightly coloured hindwings or underwings have a common theme, being named after women, and in particular, brides or fiances. (Compiled from information in Emmet 1991.)




	Roeslerstammia pronubella
	From pronuba, a bridesmaid. The pale yellow underwings of this small moth give it some similarity to the Large Yellow Underwing, Noctua pronuba.



	Cacoecimorpha pronubaba
	As for the previous species.



	Archiearis parthenias, Orange Underwing
	Parthenias, the son of a concubine, or from parthenos, a maiden.



	Arctia caja, Garden Tiger moth
	Caia or Caja, a Roman ladys name.



	Arctia villica, Cream-spot Tiger moth
	Villica, a female housekeeper in charge of a villa.



	Callimorpha dominula, Scarlet Tiger moth
	Diminutive of domina, the mistress of the household.



	Syntomis ancilla
	Ancilla, a maidservant.



	Noctua pronuba, Large Yellow Underwing
	Pronuba, a bridesmaid.



	Noctua comes, Lesser Yellow Underwing
	Comes, a comrade, companion. It is probable that Hubner, the authority of this species, was using comes as a common-law wife.



	Catocala nupta, Red Underwing
	Nupta, a bride.



	Catocala electa, Rosy Underwing
	Electa, a fiance.



	Catocala elocata, Espers name for the Rosy Underwing
	Elocatus, hired out: a prostitute.



	Catocala promissa, Light Crimson Underwing
	Promissus, promised, pledged in marriage.



	Catocala sponsa, Dark Crimson Underwing
	Sponsa, a fiance or bride.



	Catocala nymphagoga, Espers name for the Dark Crimson Underwing
	Nymphagogos, the person who leads the bride from her home to the bridegrooms house.






I suppose that it was at about this time that I began to wonder about where all the moths went. It was obvious that there were more individual moths than butterflies, yet butterflies were far more apparent, at least in the summer months. The answer was before my eyes in the intricate colour patterns and behaviours of the moths. Many species were both camouflaged and secretive. I began to understand that moths were there, in the garden, or surrounding woodlands, but that they were masters of disguise. At age ten I obtained my first mercury vapour moth trap. Having read Fords wonderful book Moths (Ford 1955) in that year, I questioned why each new species encountered looked the way it did. How did the colour patterns and the way a moth held itself when at rest contribute to its defence? The Peppered moth story had a considerable influence on me and I remember the excitement of finding both melanic and non-melanic forms of this moth in the trap that June of 1964. However, I soon realised that a moth trap is an unnatural setting for a moth. If one is to really understand why moths, or any other creatures, are the way they are, they should be seen in their natural habitats, behaving normally, with as little interference from the observer as possible. And with a group that is largely active at night, that has meant many late nights lurking about in dark woodlands or on deserted moorlands, often to the intrigue and puzzlement of officers of the local constabulary.

For many species, the best way to get to know them is to breed them through a generation or more. One gets to know the life history, the anatomy and the different behavioural strategies employed at different stages of development. Fortunately, most moths mate readily in captivity and are easy to rear. I am sure that caring for families of caterpillars as a child helped me develop at least two personal traits that I think are commendable now: attention to detail and patience. The importance of keeping detailed notes on each family reared, the methods used, the successes and the failures, was drawn from Fords two New Naturalist volumes (Ford 1945, 1955). The patience came from the moths themselves. Privet Hawk moths, Sphinx ligustri, Emperor moths, Saturnia pavonia, Puss moths and Buff-tips, Phalera bucephala, that readily laid eggs in captivity, were of fairly immediate interest as the eggs hatched and the young larvae had then to be fed, cleaned and cared for. But once they had disappeared below the surface of the soil provided for them, or spun their silken cocoons, the wait of nine or ten months until they emerged as adults seemed an interminably long time for me then.

I am grateful for one other lesson that I learned at that time and again I have to point to the writings of Professor Ford. It was within the pages of his books that I discovered that the study of moths and butterflies, if applied carefully, had a scientific relevance and value that extended far beyond the bounds of the Lepidoptera. Studies on moths had impinged on many aspects of general biology, in particular genetics and evolution, and on medicine. Furthermore, British scientists working on British species of moth, many of which were the very species that I commonly found in my moth trap or in the local woods, had conducted much of the work.

British moth collecting

The Industrial Revolution began in Britain during the first half of the eighteenth century. The profits made by some people, through industrial endeavour and from interests in the Empire, led to great wealth, which in turn allowed them, or their descendants, leisure time for hobbies. The British have the strongest tradition of collecting insects of any nationality in the world. The earliest known collection still surviving in its original form is that of James Petiver, now housed in The Natural History Museum in London, dating from the late seventeenth and early eighteenth centuries, just prior to the birth of the industrial age. Collections were brought back from far-flung regions of the Empire throughout the nineteenth century and many dating from this period are still preserved in museums and private collections scattered around Britain. The Lepidoptera were very well represented in these collections, for many were relatively easy to distinguish and they had and have the advantage that they are easy to transport and preserve. Adult specimens, if kept in the right conditions, retain their colours with little deterioration over time.

The scientific literature on moths dates to 1634 and the publication by Sir Theodore de Mayerne (physician to Charles I) of Theatrum Insectorum. This book bears the name of Thomas Moffet as author, but was probably a compilation of his writings and those of Gesner, Penny and Wooton and possibly others. This book is the earliest known book on insects to be published in Britain and was translated into English in 1658 by Edward Topsel. Moths are included as nocturnal forms of butterflies.

Theatrum Insectorum was followed by Christopher Merretts Pinax rerum Naturalium Britannicarum, continens Vegetabilia, Animalia et Fossilia, in hac Insula reperta Inchoatus in 1666, the year of the great fire of London. In the eighteenth century, John Rays Historia Insectorum was published in 1710, followed by Petivers Papilionum Britanniae in 1717 and Eleazar Albins Natural History of English Insects in 1720. The wonderful works of Benjamin Wilkes entitled One Hundred and Twenty Copper-plates of English Moths and Butterflies were published between 1747 and 1760 and give details of the early stages of the species depicted. In 1766, Moses Harris produced one of the most famous books on the Lepidoptera. This is The Aurelian or Natural History of English Insects; Namely, Moths and Butterflies. Together with the Plants on which they Feed, which includes superb and accurate plates of some 38 British butterflies and 85 species of moth. Although the book is exceedingly rare, Hamlyn published an excellent facsimile, with an introduction by Robert Mays, in 1986.

The first British book to adopt Carl Linnaeus system of nomenclature was John Berkenhouts Outlines of Natural History of Great Britain and Ireland, published in 1769. However, Moses Harris also used Linnean names, together with English names, in his second book, The Aurelians Pocket Companion, in 1775.

The turn of the nineteenth century saw a quickening of the pace, in terms of both the books on Lepidoptera and the founding of entomological societies. The first entomological society in the world was The Aurelian Society, which was already in existence in 1743. This society, a second of the same name founded in 1762 and The Society of Entomologists of London were all relatively short-lived, none surviving to the nineteenth century. However, in 1801, a third Aurelian Society was founded. This became the Entomological Society of London in 1806 and the Entomological Society of Great Britain in 1824, before joining with the Fellows of the Linnean Society to form the Zoological Club of the Linnean Society, which exists to this day as the Zoological Society of London.

Other societies were formed. Pre-eminent among them must be the Entomological Society of London, founded in 1833. This has become one of the most influential entomological societies in the world and, following royal consent on its centenary, is now the Royal Entomological Society. Others include the South London Entomological and Natural History Society (now the British Entomological and Natural History Society) and the Amateur Entomologists Society, founded in August 1935.

With the growth of entomological societies went the publication of a number of entomological journals. Thus, in 1832, the Entomological Magazine was first published. This was followed by a variety of journals from the Entomological Society of London, which to this day publishes a series of high quality journals on all aspects of entomological research. The Entomologists Annual followed in 1855, with the Entomologists Weekly Intelligencer starting the following year. The Entomologists Monthly Magazine and the Entomologists Record and Journal of Variation, founded in 1864 and 1890 respectively, still appear to this day. They are augmented by the Entomologists Gazette, the British Journal of Entomology and Natural History and the Bulletin of the Amateur Entomologists Society. Entomologists in Britain are thus well served with journals in which to publish the fruits of their interest.

The Victorian era was a great period for entomology, and the names of many lepidopterists of that age are remembered and revered by those who study moths today. Professor J.O. Westwood, H.T. Stainton, Edward Newman, the Reverend W.F. Kirby and J.W. Tutt, to name just a handful, all came from this period.

Moths and the study of evolution

Many of the lepidopterists of the late Victorian era embraced the new ideas in biology that gained prominence at that time. The ideas that arose from the reading of Charles Darwin and Alfred Russel Wallaces essay On the Tendency of Species to Form Varieties; and On the Perpetuation of Varieties and Species by Natural Means of Selection to the Linnean Society of London on 1 July 1858, form the bedrock of modern biology. Darwins theory of evolution gave lepidopterists a new focus, for few groups of organisms were, or are, more suitable for the study of evolution through natural selection and sexual selection than the Lepidoptera. It is perhaps an irony that the most famous example of evolution in action, that involving the occurrence and spread of a dark or melanic form of the Peppered moth in industrial parts of Britain, was proceeding at the time of the publication of Darwins two great works, On the Origin of Species (1859) and The Descent of Man (1871). Yet it was not until after Darwins death that Tutt first proposed a valid mechanism suggesting that industrial melanism provided evidence to support Darwins theory (see Chapter 9).

The rediscovery of Mendels laws of genetics at the turn of the twentieth century gave birth to the field of evolutionary genetics. Darwins evolutionary theories were placed on a theoretical framework of the laws of inheritance by R.A. Fisher, Sewall Wright, J.B.S. Haldane, Theodosius Dobzhansky and others. The outcome was the so-called neo-Darwinian synthesis, drawn together in the 1930s and 1940s. Much of this work was theoretical, but it gave birth to a new empirical field of study, ecological genetics. The aim of this was to collect data from field observations and experimentation that would allow alternative evolutionary hypotheses to be evaluated. It is perhaps not surprising that the father of this field of study, E.B. Ford, was a lepidopterist of some repute. Fords experience of Lepidoptera, gained in the company of his father, H.D. Ford, gave him the insight to realise that moths and butterflies were possessed of an exceptional array of characteristics that made them suitable for the study of evolution in extant populations. In the late 1920s much was already known of the life histories of many species of moth and butterfly. These species were relatively easy to maintain and breed in captivity. They produced large numbers of progeny, making them convenient for the study of Mendelian genetics and the segregation ratios expected of Mendels laws. Above all, Ford recognised that the form and structure of the wings of Lepidoptera were an unsurpassed vehicle upon which the outcome of evolution could be seen. The word Lepidoptera is derived from Greek, meaning scaled wings. The pigmented scales that clothe the wings and bodies of moths and butterflies are multiple minute units which, by a combination of chemical pigments and the physical characteristics of light reflection and diffraction, may give rise to an infinite variety of colour patterns. Upon this infinite variety, evolution, through natural selection and other processes, may indeed be seen writ large on the wings of moths and butterflies.

With few exceptions (notably fruit flies of the genus Drosophila and snails of the genus Cepaea), the classical studies of ecological genetics involved the Lepidoptera. These included exhaustive work on the phenomenon of industrial and other types of melanism in moths, which has provided irrefutable evidence of the role of natural selection in biological evolution (Chapter 9). Work on the Scarlet Tiger moth, Callimorpha dominula, provided pivotal evidence with which to judge the roles of selection and sampling error in evolution (Chapter 3). Studies of mimicry and other defensive strategies of the Lepidoptera have shown that complex sets of traits, which are only successful in concert, may evolve gradually through selection (Chapter 8).

These studies formed the core of evidence supporting evolutionary theory until advances in molecular genetics brought other types of variation, particularly at the protein and DNA levels, within the capabilities of researchers.

A call to arms to all moth-ers

The rise of molecular genetics has resulted in the deflection of research funding from long-term studies of evolution in natural populations of moths of the type instigated by Ford, Bernard Kettlewell, Sir Cyril Clarke, Philip Sheppard and many others. Some work is still carried out by a few professionals. For example, the frequencies of the forms of the Peppered moth are still monitored regularly in a variety of locations by Paul Brakefield, Laurence Cook, Bruce Grant, David Lees and myself. However, now, perhaps more than at any time in the last century, amateur moth and butterfly collectors may play an important role in science.

Human activity is changing Britain now as fast as at any time in history. Our impact on the ozone layer, the greenhouse gases that we belch into the atmosphere, our use of insecticides, herbicides, fungicides and agricultural antibiotics, our planting of huge swathes of monoculture crops, the increasing use of genetically modified crops, and our introduction of an army of alien species of plant and animal, all have enormous effects on the ecological communities within our islands. The impacts of environmental change are being professionally monitored to some extent, but resources are thin and only a limited number of organisms or ecosystems can be kept under scrutiny given these scarce resources.

The naturalists of Britain can be grouped according to their specialisations. Most numerous are the ornithologists, followed by the lepidopterists, with other specialisations lagging some way behind numerically, although not in enthusiasm or dedication. Because of their popularity and the considerable wealth of knowledge that we already have of them, I would argue that the Lepidoptera are the most suitable group for the study of the impact that human-induced environmental change is having on the terrestrial fauna of these islands. Birds are comparatively large organisms with relatively long generation times and are less likely to be quickly affected by small changes in the environment, particularly at the microhabitat level. Within the Lepidoptera the British butterflies, although certainly more popular, offer much less scope for study than the moths, largely as a result of the paucity of species of the former compared to the latter.

This then is a call to arms to moth-watchers and collectors throughout Britain. Get out your nets, your cameras, your trowels, your moth traps, your sugar recipe, your sweep nets, your beating trays and most importantly your notebooks and pens, and start recording. Too often in the past, we have only noticed deleterious changes to our fauna and flora after the event and when it is too late to reverse the trend.
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Box 8.1 The control of larval colour variation in the Angleshades moth,
Phlogophora meticulosa. (Adapted from Majerus 1983.)

Tnstar

Colour

Method of control

First
Second

[ Third
i

Fourth

Fifth

or

Any colow, but
usually green

Any colour, buc
usually green

) Any colour:
wsually green
i) Green
iii) Olive

i¥) Brown

V) Plain yellow

i) Vellowgreen

i) Vellowbrown

i) Green
ii) Olive
iii) Brown

i¥) Plain yellow

V) Yellowgreen
i) Vellow-brown
i) Green

ii) Olive

i) Brown

i) Plain yellow

¥) Vellow.green
vi) Yellowrbrown

Ensironmental control, determined by the colour of
food ingested.

Environmental control, determined by the colour of
food ingested

i) Environmental control, determined by the colour of

food ingosted(Plaie 152). Requires c* 10 be present.

ii) Produced when ¢ and b'are both homozygous and

cither d* and/or ¢* are present.

i) Requires ” o be homozygous, b and b to be het-

erozygous and cither d' and/or ¥ 1o be present

iv) Requires ¢’ znd b to be homozygous and either d*
and/or ¢! 1o be present.

+) Produced in one of three ways, «ll of which vequire

e d (o be homozygous. I, in addition, ¢' and e©

are presen, or both e’ and b’ are homorygous, or both

€% and b e homozygous, plain yellow will sesult

¥i) Produced when ¢, & and e© are homorygous and

bis present.

i) Produced when ¢, d and ¢ are homozygous and

b9 s present

) Produced when b is homozygous and cither d*
and/or c* are preseur.

i) Produccd when b and h are heterozygous and
cither d* and/or * are present.

i) Prodiiced when b is homozygous and cither d*
and/or c* are present.

i) Produced in one of chree ways, all of which require
d to be homozygous. If, in addition, ¢ and © are pre
sent, or when &', ¢’ and b are homozygous, or when
d, € and bY are homozygous, plain yellow il esult
) Produced when d*and ¢© are homozygous and b'is
present

+9) Produced when d° and € are homosygons and bO is
present

) Produced when b and a" arc homozygous and either
d* and/or ¢* are preseni.

i) Produced when a' is homozygous, b’ and b are het-
erozygous and either d* and/or ¢* are presct.

) Produced when 4 is present and/or b2 is homozy-
gous, if either d* and /or ¢ are present.

%) Produced in one of three ways: when d is homozy-
gous for either allele and ¢ and €0 ave both present,
when &', and b are all homorygous, or when d, ¢
and bO are homoryous.

+) Produced when d' and e© and ' are homozygous.
¥i) Produced when " and ¢’ are homorygous and b
and/or a* arc present
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Legend of allcles:
% acts in 5th instar, produces brown pigment. Dominant to 4’

2" acts in 5ih instar, leaves colour under control of gene B. Recessive 10 "

b acts in 3rd, 4th and /o 5th instar, produces green pigment. Codominant (o b,
b9: acts in 3rd, 4th and /or 5th instar, produces brown pigment. Co-dominant to b'.
<t acts in Srd instar, causing larval colour to be foodplant dependent. Dominant to
- acts in 3rd instar, causing 4th instar larval colour (genetically controlled) t© be
expressed in the 3rd instar. Recessive o ¢*.

4" acts in 9rd, 4th and/or 5th instar, causing colour to be determined by alleles of
genes A, Band C. Dominant (0 d.

0 acts in 3rd, 4th and /or 5th instar, may cause yellow pigment to be produced.
Recessive (0 d*.

' acts in 3rd, 4th and/or 5th instar, causing colour (o be determined by alleles of
genes A Band C. Dominant (o ¢ and .

¢ acts in 3rd, 4th and/or 5th instar, preventing the expression of b Correcessive
with ¢ 10 ¢+

9: acts in 3rd, 4th and/or 5th instr, preventing the expression of b, Co-recessive
with ¢ o ¢*.

In addition, there are a number of interactions between some of the alleles of the
various genes.
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