





EDITORS

SARAH A. CORBET, SCD

PROF. RICHARD WEST, SCD, FRS, FGS

DAVID STREETER, MBE, FIBIOL

JIM FLEGG, OBE, FIHORT

PROF. JONATHAN SILVERTOWN

The aim of this series is to interest the general reader in the wildlife of Britain by recapturing the enquiring spirit of the old naturalists. The editors believe that the natural pride of the British public in the native flora and fauna, to which must be added concern for their conservation, is best fostered by maintaining a high standard of accuracy combined with clarity of exposition in presenting the results of modern scientific research.



[image: image]



Contents

Cover

Title Page

Editors’ Preface

Author’s Foreword and Acknowledgements

1 Introduction

2 Orthoptera: structure and function

3 Life histories

4 Introduction to mating systems and sexual selection

5 Calling, courting and competing: insect songsters

6 Courting, giving and guarding

Key to British Orthoptera

7 The British species, part 1: Ensifera

8 The British species, part 2: Caelifera

9 Ecology and conservation of the British species

DVD Commentary

References

List of Searchable Terms

Copyright

About the Publisher


Editors’ Preface

Following his earlier New Naturalist, Bumblebees, we are delighted that Ted Benton has shared his enthusiasm for another familiar and well-loved group of insects that contribute greatly to the sights and sounds of summer – grasshoppers and crickets. As well as dealing with identification, he considers the natural history of the British species and their conservation, and discusses their distribution, their polymorphisms and the timing of their life history stages in relation to the changing climate. He shows how studies of their bizarre behaviour contribute to our understanding of the evolution of reproductive strategies, and illustrates their songs and dances in the accompanying DVD, an innovation for this series. The fruit of many years of careful observation, photography, filming and recording, this book will surely bring many fresh converts to the study of Orthoptera.


Author’s Foreword and Acknowledgements

My semi-retirement from the ‘day job’ as professor of sociology at the University of Essex has given me more free time (but not so much as might be hoped!) to indulge in the delights of field natural history. As I explained in the foreword to my previous New Naturalist (Bumblebees, 2006), it took me longer than it should have to see the connections between my work as a sociologist and my passionate interest in natural history and wildlife conservation. In the bumblebee book the links were made in several ways, including a thoroughgoing treatment of the bees as social animals, and the use of some ideas from critical political economy, political sociology and planning law in thinking about the causes of bumblebee decline and prospects for reversing it. I hope that in this book, my background in philosophy and social science also gives a distinctive perspective that justifies its publication, even though the topic is so brilliantly covered by several other works.

Having observed the astonishing and puzzling antics of courting male rufous and mottled grasshoppers, I began to research the literature on mating systems, sexual selection and sexual conflict. The history of this topic engaged my sociological interests, as there are striking parallels between the emergence of these issues in the human social sciences and their resurgence in the life-sciences literature – both in the wake of ‘second-wave’ feminism. After quite a struggle, I managed to cut the treatment of these issues down to a mere three chapters (4 to 6), but echoes will be seen through the accounts of particular species, as well as in some of the video clips. As in the bumblebee book, I have tried to reflect on the relationships between shifting ways of conceptualising behaviour, the posing of questions for research, and the elusive activities of the insects themselves. A historical perspective on the topic often helps to bring out the always provisional character of our current ways of understanding nature, and the ways in which social and cultural processes play their part in shaping and focusing scientific practice.

Since very early in life, I have been aware of grasshoppers and their allies as abundant denizens of the wild places I inhabited as a ‘feral’ child in south Yorkshire. However, their coming to attention as topics for special study by an amateur naturalist required reliable, accessible literature. David Ragge’s wonderful Wayside and Woodland Grasshoppers, Crickets and Cockroaches of the British Isles (1965) provided this and much more – real inspiration! What finally consolidated the interest for me was helping Alan Wake to map the Orthoptera of Essex, for his excellent 1997 book on the topic. We traversed the lanes and byways of our much-maligned county on battered old push-bikes – and had more laughs than we deserved. By that time, Ragge’s great work had been complemented by another: Judith Marshall and E.C.M. Haes’s Grasshoppers and Allied Insects of Great Britain and Ireland (1988). More recently, Tim Gardiner’s research on ecology and conservation – much of it conducted also in Essex – as well as his generosity in sharing his great expertise, has been a further stimulus to my own interest. Finally, the excellent Photographic Guide to the Grasshoppers and Crickets of Britain and Ireland (2007), by Martin Evans and Roger Edmondson, updated previous literature and included excellent photographic images of the British species.

Having agreed to write a New Naturalist on the Orthoptera, I was somewhat awed by the inevitable comparisons with these works, and concerned that my own contribution should have something new and different to offer. As both Ragge and Marshall & Haes had included excellent sound recordings, it seemed there would be little point in repeating the exercise, so, in a moment of madness, I suggested that I might provide a DVD film of orthopteran behaviour. As a well-known technophobe, with no experience whatsoever of film making, this was, indeed, a rash offer! So it turned out! There was a very steep learning curve just to operate the camcorder and then edit the tapes. However, by far the greatest challenge was to capture relevant sequences of behaviour in the field. It soon became clear that a tripod was needed, and this meant filming from a fixed location, as any movement immediately ‘spooked’ the insects. The best I could do was to make an informed guess as to likely vantage points, and wait for something to happen. I guess the patience involved is comparable to that needed by anglers. I was given indispensable help by Roy Cornhill and John Dobson, both of whom also had their patience tried to the extreme, spotting singing insects, pointing out examples of behaviour I would otherwise have missed, and generally keeping me company on many occasions. Alan James (of Secondsight Productions) turned my crude editing into something like a real film – but even he could not correct all the many limitations that you will observe when you view the DVD. For all the frustrations of the work of filming, I have no doubt it immeasurably enhanced my appreciation of these fascinating insects. Being forced to stand and watch for many hours allowed me to witness so much more than would be observed by casually walking by.

Many other people contributed in numerous ways to the production of this book. First mention goes to my consistently amazing life-partner, Shelley Pennington, without whom nothing. Even after her encounter with a stray camel cricket in the shower, she generously bought lettuce for its companions. Shelley, Rowan, Linda and Jay have combined amused tolerance of my obsession for insects with gentle reminders of (what they continue to imagine is) a more normal world occupied by other humans. John Kramer, whose obsession for insects has rivalled my own during a friendship that stems from primary-school days, offered great help and support in the rescue of camel crickets and the search for scaly crickets on bleak Chesil beach. The search for the camel crickets was greatly aided by correspondence with Maggie Frankum, Helen Iken and Glenys Panter, while the management at the former Derbyshire garden centre both encouraged the crickets and aided our rescue attempt. Roy Cornhill and John Dobson have given generous, patient and convivial companionship on countless field trips, and unstinting support in many ways. Mike Edwards gave of his expert knowledge and practical work with the field crickets, but, most of all, has been an inspiring example. Bryan Pinchen, too, shared his expert knowledge of mole crickets, and introduced me to some unique habitats in the New Forest. Adrian Kettle and Roy Cornhill took care of the rescue population of camel crickets while I was on holiday, and Tracy Kettle supplied valuable observational details of the nocturnal courtship and egg-laying activities of the crickets.

John Kramer and long-term friend, Simon Randolph, helped with encouragement, bibliography and critical reading. My editor at HarperCollins, Sally Corbet, was, as always, a supportive, thorough and critical reader of complete drafts of the book. Other experts gave freely of their time to read and comment on drafts, so saving me from numerous errors – David Robinson, Bryan Pinchen, Karim Vahed, Berthold Hedwig, Mike Edwards, Peter Sutton, Andrew Cherrill, Judith Marshall, Tim Gardiner and Marion Hall. Marion Hall, especially, gave serious thought to the task and provided incisive and insightful criticisms that were decisive in making me re-think the organisation of chapters 4 to 6. However, none of the above should be held responsible for any failings on my part.

Judith Marshall helped in many other ways, by giving me access to the NHM collections, sharing some of her great expertise, and generously hosting the annual orthopterists’ workshops. These events were indispensable, providing a forum for presentations and discussions of so many aspects of the biology and natural history of these fascinating insects. Attendance at these meetings gave me the opportunity to meet and learn from such leading researchers as Karim Vahed, Berthold Hedwig, Andrew Cherrill, Tim Gardiner, Marion Hall, Patricia Ash, David Robinson and the legendary David Ragge, as well as Judith Marshall herself.

Although I have never met Darryl Gwynne, his writings were a great stimulus, and he provided advice and much-needed photos by email correspondence.

Nick Owens sent me valuable information on colour morphs of the mottled grasshopper, and provided convivial company ‘in the field’. Michael Chinery helped with literature, and shared an enjoyable day out in the brecks. David Baldock helped with the inspiration of his own books, as well as the loan of others. Judith Marshall helped with identification of my photos of European species, as did Dragan Chobanov. Tim Bernhard provided convivial company, and his superb drawings of great green bush cricket, field crickets, slender groundhopper and stripe-winged grasshopper. For other illustrations, I am very grateful to: Marion Hall, Scott Sakaluk, Dave Funk, Bryan Thomas, John Dobson, Roy Cornhill, Tim Gardiner, Daryl Gwynne, David Rentz, Bryan Pinchen, Adrian Kettle, Karim Vahed, Andrew Cherrill, Peter Sutton and Nick Owens.

Peter Sutton gave valuable advice and comment, as well as working with Bjorn Beckmann at the Biological Records Centre to produce the up-to-date distribution maps. Particular thanks to Bjorn also for his help with presentation of the data.

The work of the Biological Records Centre, which is co-funded by the Natural Environment Research Council (through the Centre for Ecology & Hydrology) and the Joint Nature Conservation Committee is very much appreciated. Records are exchanged with the Irish National Biodiversity Data Centre (www.biodiversityireland.ie), and readers are encouraged to send in records of their sightings, including common species, to the Orthoptera Recording Scheme’s website (www.orthoptera.org.uk), or to the above centres, or to the UK national recorder, Peter Sutton (petersutton@freeuk.com). The maps include records submitted and processed up to March 2012, but should be interpreted with care. To a considerable extent they reflect the level of recording activity, and absence of records should not be taken automatically to imply the absence of the species from a given area. It should also be noted that the maps present only presence or absence of species at vice-county level for the two date-classes. This is liable to give an exaggerated impression of the distribution of scarce or more localised species, as presence in just one site will be represented by colouring of the whole vice-county. It is hoped that with increased recording effort, an Atlas of Orthoptera of Britain and Ireland at 10 km square resolution will soon be produced.

Several other organisations have provided encouragement and resources that made the work on the book possible. These include the membership of the unequalled Colchester Natural History Society, its president, Joe Firmin and chair, Darren Tansley, the Essex Field Club, Essex Wildlife Trust, Chris Gibson and Natural England, and, not least, Essex University. My own department has been extraordinarily tolerant of my deviant interests, while the Albert Sloman Library, and especially the inter-library loans service, has been indispensable: a model of public-sector efficiency, flexibility and helpfulness. Terry Tostevin, formerly of the library staff, devoted time and energy to rooting out many fascinating literary references to grasshoppers and crickets. I have made use of some of these, but unfortunately did not have space for all.

Finally, I thank Julia Koppitz for her unfailing kindness and conviviality, despite great pressures of work, Myles Archibald for his continued encouragement, and the rest of the ‘team’ at HarperCollins.


CHAPTER 1

Introduction

And here, if you like, the Cricket DID chime in! … The kettle had had the last of its solo performance. It persevered with undiminished ardour; but the cricket took first fiddle and kept it. Good Heaven, how it chirped! Its shrill, sharp, piercing voice resounded through the house, and seemed to twinkle in the outer darkness like a star … Yet they went very well together, the Cricket and the kettle. The burden of the song was still the same; and louder, louder, louder still they sang it in their emulation … There was all the excitement of a race about it. Chirp, chirp, chirp! Cricket a mile ahead. Hum, hum, hum-m-m! Kettle making play in the distance like a great top. (Dickens, 2004 [1845])

Many of Dickens’s readers would have recognised from their own experience his description of the singing of the ‘cricket on the hearth’. Unfortunately this once-familiar songster is now rarely heard, except, perhaps, in the homes of keepers of reptiles, who use them to feed their pets. However, another group of insects, the grasshoppers, continue to contribute their songs to the soundscape of the British summer. Although the use of sound for communication is not universal among grasshoppers, crickets and their allies, it is very widespread. And it is this feature that above all others attracts the attention of passers-by, as well as poets, musicians and scientists. An ear-opening introduction to contemporary creative uses of insect sounds can be accessed from the website www.pestival.org, a festival celebrating insects in art and the art of being an insect. Particularly interesting is Chris Watson’s installation ‘whispering in the leaves’ at the Royal Botanical Gardens, Kew (for related events and recordings, visit: www.chriswatson.net).

Scientists have been interested in the nature of the insects’ musical instruments, the messages they communicate in their songs, and the responses of their intended listeners. Although the song of the male may play its part in making known to any interested female both his presence and his readiness to mate, it may also give away his location to a less welcome eavesdropper in the shape of a potential predator or parasite. Dickens’s emphasis on the competitive performance of his cricket is more accurate than he may have realised. It is now recognised that the calling songs of grasshoppers and crickets communicate information between the males themselves and are involved in their competitive interactions and spatial distribution. The extraordinary complexity and diversity exhibited by grasshoppers and crickets in their reproductive behaviour has stimulated a great body of research, some of which will be introduced in Chapters 4, 5 and 6.

The songs of crickets and bush-crickets, especially, have proved so attractive in some cultures, notably in China and Japan, that these insects are caged and kept for their song (Jin, 1994, in Gwynne, 2001; Pemberton, 1990). In China, not only is there a long tradition of breeding crickets that are selected for their aggression and fighting ability (Jin & Yen, 1998), but they were also a symbol of fecundity (Meng, 1993, in Gwynne, 2001). Elsewhere, grasshoppers and crickets are assigned a great variety of other symbolic meanings. According to Kevan (1979) species of bush-crickets were feared in Navaho native American culture as they were thought to be associated with spirits and attracted to corpses. The great Cuban dancer, Carlos Acosta, tells us that while he was a disruptive schoolboy his father had told him of a dream.

Last night I had a magnificent dream … You were dancing in a majestic theatre in another country and suddenly a cricket landed on your shoulders … Don’t you realise, the cricket represents hope. It means you are going to be great one day. (Acosta, 2007: 76)

In stark contrast, Arundhati Roy uses the image of swarms of grasshoppers as an omen of genocide. She reports the account given by a friend of the sole survivor of the massacre of Armenians that took place in Anatolia in 1915.

She was ten years old in 1915. She remembered the swarms of grasshoppers that arrived in her village, Dubne, which was north of the historic Armenian city of Dikranagert, now Diyarbakir. The village elders were alarmed, she said, because they knew in their bones that the grasshoppers were a bad omen. They were right; the end came in a few months, when the wheat in the fields was ready for harvesting. (Roy, 2009: 133–4)

A rather different moral is perpetuated in the story of the ant and the cicada, originally told by Aesop, but later transmuted into the encounter of ant and grasshopper. Either way, the message is the same: the grasshopper/cicada spends the summer in song, with no thought of tomorrow, while the industrious ant makes preparation for the bitter weather to come. Then, the destitute songster comes to beg or borrow from the ant, who replies: ‘You used to sing! I’m glad to know it. Well, try dancing for a change’ (Fabre, 1917: 1). Not every commentator finds the moral of this tale convincing. Fabre disputes its claims on behalf of the ant, while, in one of his short stories, Somerset Maugham (1963: 101–4) declares: ‘… I could never quite reconcile myself to the lesson. My sympathies were with the grasshopper and for some time I never saw an ant without putting my foot on it.’ To underline the point, the story goes on to describe the contrasting lives of two brothers, Tom, a carefree and disgraceful hedonist, and George, a hard-working, prudent and faithful husband and father. Just as George is expecting to get his reward and watch the descent of his profligate brother into the gutter, Tom marries a rich and elderly lady, who dies and leaves him everything.

Visitors to the City of London might be surprised to see a number of representations of grasshoppers distributed in this citadel of international finance: on the weather vane and embossed on a wall of the Royal Exchange, and suspended over the pavement in Lombard Street. In apparent defiance of the fabled image of the grasshopper as hedonistic songster, these representations refer us to the long association of the Gresham family with finance and banking. Perhaps the best-known Gresham is Sir Thomas (1519–71), merchant and financier, and financial agent to several English monarchs, including Elizabeth I. He was founder of the Royal Exchange, and his legacy was devoted to the establishment of Gresham College. The grasshopper motif figures above the Gresham family coat of arms, and legend has it that the founder of the family, Roger de Gresham, was abandoned as a new-born baby in long grass, only to be discovered by a woman whose attention was drawn to him by a grasshopper. The grasshopper motif is to be found on the exchange in Boston, in the bar of the spectacular art nouveau Gresham Palace in Budapest (originally owned and commissioned by the Gresham Life Assurance Company), in the car park of Gresham House in Cambridge, and elsewhere. Apparently, in the system of English heraldry the grasshopper symbolised wisdom and nobility. In view of our current experience of the financial services, perhaps the original association of the grasshopper with short-term profligacy might be reinstated!

[image: image]
FIG 1. The Gresham grasshopper: (a) Lombard Street, City of London; (b) Gresham House, Cambridge; (c) Gresham Palace, Budapest; (d) The Royal Exchange, City of London.



More material relations between human societies and grasshoppers and crickets include actual and potential uses of orthopterans as food sources, and, more dramatically, the economic impact of locusts and other migratory species. Fabre (1917) extols the virtues of the ‘locusts’ (that is, what we would call grasshoppers) as important food for turkeys, guinea fowl and red-legged partridge, and so, indirectly, as contributing to human diets. He is more hesitant about the desirability of grasshoppers as direct culinary fare, but cites the gospel according to St. Matthew as evidence that the diet of St. John the Baptist was ‘locusts and wild honey’ during his time in the desert, and an Arab author to the effect that the wives of the Prophet were sent grasshoppers as gifts, and that the Caliph of Omar once declared: ‘would that I had a basket of them to eat’. Gwynne (2001) mentions 4,000-year-old cave deposits in Wyoming that contained evidence of cooked bush-crickets, as well as more recent accounts of the roasts, soups and ‘cricket cakes’ prepared by native Americans. Still more recently, farming and eating insects has been advocated as a contribution to the growing crisis of global food production. A feature in The Guardian Weekend (Bailey, 2010) claimed that 1,400 insect species are eaten in over 80 per cent of nations. The UN’s Food and Agriculture Organisation held a workshop in Thailand in 2008 to highlight the idea, and our own Oxford Museum of Natural History hosted a ‘Banquet of Bugs’ in April 2011 to promote insects as an environmentally sustainable alternative to meat. Grasshopper salsa tacos, cricket tostados, and cricket fried rice were among the delicacies on offer.

Less benign are the ravages to crops that orthopterans can cause in some parts of the world as a result of the formation of dense migratory aggregations. Locusts are especially notorious for their recurrent outbreaks in parts of Africa and Australasia. Two species in particular (Schistocerca gregaria and Locusta migratoria) have been the most frequent research subjects. In these species a change of ‘phase’, from solitary to gregarious forms, underlies the tendency to form massive aggregations. Gregarious forms often differ in colour and structure as well as in their behaviour. The change of developmental pathway that produces the gregarious forms may be triggered by degenerating habitat conditions, or by increased population density, and is mediated by pheromonal communication. Plagues and outbreaks of dense clouds of flying insects that descend to feed as they move can cover tens to hundreds of square kilometres. A radar station in south eastern Australia monitored the passage over a 1 km line of two million locusts per night for six nights in November 1979 (Farrow, 1990). A similar pattern of aggregation and migration is found in other groups of orthopterans. Gwynne (2001) describes huge bands of so-called mormon crickets (Anabrus simplex) and coulee crickets (Peranabrus scabricollis) that form in western USA. The nymphs of these bush-crickets (or ‘katydids’ as they are known in America) form dense marching bands numbering many millions, up to 16 km long and 2 km wide. Although, as Gwynne points out, these species are less damaging to crops than has been assumed, drastic control measures have been used against them. Other bush-crickets that form aggregations under some conditions cause economically significant damage to forest trees in south and central America, to coconut palms and banana crops in Papua New Guinea and to grain in Ethiopa (Barrientos & Montes, 1997; Solulu et al., 1998; Rentz & Gurney, 1985). The variegated grasshopper (Zonocerus variegatus) of western and central Africa periodically forms large aggregations and was known as a minor pest of plantation crops such as coffee, pineapple and banana from early in the 20th century. However, in the 1970s and 1980s it became a much more abundant and serious pest, possibly owing to a combination of deforestation and increased cultivation of cassava as a subsistence crop (Chapman et al., 1986).

[image: image]
FIG 2. Locusta migratoria.



THE GRASSHOPPERS AND CRICKETS AND THEIR RELATIVES

Although, as we have seen, the lives of humans and those of grasshoppers and crickets are and have been intertwined in many ways, the lives and interactions of these insects have a fascination in their own right and this will be the focus of the rest of this book.

The insect order to which the grasshoppers and crickets belong is the Orthoptera (from the Greek, ‘straight winged’). Often the orthopterans are treated alongside closely related groups (as in Ragge, 1965 and Marshall & Haes, 1988). These relatives of the Orthoptera include cockroaches and mantids (order Dictyoptera), earwigs (order Dermaptera) and stick insects (order Phasmida). Taken together, these groups are often known as ‘orthopteroid’ insects. In this book we will be concerned more narrowly with the Orthoptera in the strict sense, but first it is necessary to give brief indications of those characteristics that mark out the Orthoptera from their relatives.

The stick insects (Phasmida) will be familiar to most readers, with their long, roughly tubular bodies, and three pairs of legs that are more or less equal in length. The tarsi have five segments. There are no native species, although a small number of species, probably escapees from domestication, or deliberate introductions, have established themselves in England – mostly in the south-west peninsula. Some tropical species are winged or elaborately spined, but those found in England conform to the characteristic stick shape.

The cockroaches (Dictyoptera) are flattened dorsoventrally, like beetles. However, in winged forms the fore wings overlap along the midline of the insects’ dorsal surface, and are not shell-like as in beetles. The cerci that project from the rear end of the abdomen are simple, and the tarsi have five segments. Although the hind legs may be longer than the fore and mid legs, they show no obvious adaptation for jumping. The large common or oriental cockroach (Blatta orientalis) is probably the best known, but, owing to its pest status, it is now rarely encountered in Britain. It and other non-native species are often kept as pet food, and may occasionally establish temporary colonies outdoors. However, they do not generally persist except in artificially heated buildings or refuse tips.

[image: image]
FIG 3. A stick insect, Parachymorpha zomproi.



[image: image]
FIG 4. The Australian cockroach, Periplaneta australasiae, an alien species sometimes found in artificially heated buildings in Britain.



There are three native cockroaches. These are much smaller than the oriental cockroach, and rather inconspicuous. The dusky cockroach (Ectobius lapponicus) inhabits scrubby habitats, and is found mainly in south central England; the tawny cockroach (Ectobius pallidus) inhabits both heath and downland in southern England; while the lesser cockroach (Ectobius panzeri) is a predominantly coastal species of southern England, west Wales and East Anglia.

The mantids are included with cockroaches in the order Dictyoptera. The image of the praying mantis (Mantis religiosa) is well-known and quite representative of the group, with its powerful and spiny fore legs adapted for catching its prey. There are no native British species, although occasional escapees may be seen. There are up to 15 European species (Battiston et al., 2010), but, with the exception of the praying mantis, these are mainly southern in distribution.

[image: image]
FIG 5. Two native British cockroaches: the dusky cockroach, Ectobius lapponicus, and the tawny cockroach, Ectobius pallidus.


[image: image]
FIG 6. A large mantid, Sphodromantis viridis, which occurs in southern Spain.


[image: image]
FIG 7. The common earwig, Forficula auricularia.


Earwigs (order Dermaptera) are small, dorsoventrally flattened insects. Their distinguishing feature is the modification of the cerci at the tip of the abdomen to form curved pincers, or forceps, that can be used as defensive weapons. They may be with or without wings. In the winged forms the fore wings are reduced to short, hardened flaps that cover the folded-up hind wings when the insects are at rest. As in the other groups discussed so far, the hind legs are not modified for jumping. There are four probably native species, together with a small number of aliens that have become established in Britain (see Marshall & Haes, 1988).

Now to the Orthoptera! Fossil evidence indicates that this is one of the oldest of the insect orders, dating from the late Carboniferous period as much as 300 million years ago (Sharov, 1968; Gorochov et al., 2006). Perhaps the most well-known feature of the grasshoppers, crickets and their allies is that their hind legs are longer than the other two pairs, and adapted for jumping. This is indicated in an older name for them: the ‘saltatoria’. Another very widespread, but not quite universal, characteristic is the use of sound communication. The males of most species (and the females of some) have specially adapted structures for the production of sound. These are generally body parts so modified that when they are rubbed together a sound is produced, the repetition rate or frequency composition of which is usually distinctive for each species. In some groups there are structures modified to act as resonators which amplify the sound, while some others use vegetation or a chamber in a burrow for this. Most species also have specialised hearing organs, sometimes tuned to the dominant frequency of the song. Receptive females use the song of the male to move towards him, an activity known as ‘phonotaxis’. In a few species it is the male that moves to the female. The structures concerned in both sound production and hearing differ very markedly among the different groups of Orthoptera, suggesting that sound communication may have evolved independently several times in the order.

[image: image]
FIG 8. The male stridulatory apparatus of the speckled bush-cricket, Leptophyes punctatissima, and the southern field cricket, Gryllus bimaculatus.


[image: image]
FIG 9. The tibial ‘ear’ of a bush-cricket, Phaneroptera falcata.


Like other orthopteroids, orthopterans pass through a series of stages in their development from egg to adult. Unlike orders such as Lepidoptera (butterflies and moths) and Coleoptera (beetles), which have a distinct larval (caterpillar) stage followed by a ‘resting’ pupal stage, the juvenile developmental stages of the orthopteroids resemble smaller versions of the adults. The wings develop externally, and can be seen as small flaps in the nymphal stages (hence the term ‘exopterygote’ which is used to describe this sort of developmental pattern). What distinguishes the Orthoptera is that in the winged forms (including most of the short-winged, or brachypterous species) the developing wing buds are inverted in the final two nymphal stages. This does not occur in the development of the winged forms in the other orthopteroid orders.

There are believed to be over 25,000 species of Orthoptera worldwide (Orthoptera Species File: http://Orthoptera.SpeciesFile.org), and some 650 in Europe (www.ortheur.org gives 1040, but the geographical scope of this site is wider than that of other estimates). However, partly because of our northerly climate, and partly because of the brief period during which the insects were able to colonise the British Isles, the number of British native species is small: some 28 species. There are also two long-established aliens that remain closely associated with human activity, and a small number of recent additions that appear to be establishing themselves. However, despite the small number of species, the British orthopteran fauna is very diverse both in the range of taxonomic groups that are represented, and in terms of habitat and mode of life.

[image: image]
FIG 10. A final instar nymph of the grey bush-cricket, Platycleis albopunctata, showing inverted wing-stubs.


THE SUBDIVISIONS OF THE ORTHOPTERA

The Orthoptera are divided into two main suborders: the Ensifera and the Caelifera.

The Ensifera includes the true crickets (Gryllidae), bush-crickets (Tettigoniidae) and mole-crickets (Gryllotalpidae), as well as more exotic groupings including the ambidextrous crickets (Haglidae), Jerusalem crickets (Stenopelmatidae), king crickets, ground and tree weta (Anostostomatidae), camel-crickets and cave crickets (Rhaphidophoridae), cooloola monsters (Cooloolidae), raspy and leaf-rolling crickets (Gryllacrididae), scaly crickets (Mogoplistidae), splay-footed crickets (Schizodactylidae) and ant-crickets, or ant’s nest crickets (Myrmecophilidae). The earliest orthopterans were Ensiferans belonging to groups that are now extinct.

Various authors differ on the higher-level classification of these groupings, and as the majority of families do not have British representatives, it is not necessary to enter too far into taxonomic controversy here. However, several families usually grouped together in the superfamily Stenopelmatoidea, although strictly beyond the scope of this book, are especially interesting, and exhibit characteristics relevant to one of our principal themes. This large and diverse grouping includes predominantly flightless cricket-like species with vernacular names such as cooloolee and dingo monsters, Jerusalem crickets, king crickets and raspy crickets (see Field (Ed.), 2001). As a group they are very widely distributed globally, and have radiated especially in the southern hemisphere. Research on these insects has been slow to develop, but knowledge of them is rapidly expanding. One particularly well-researched grouping are the ‘weta’ of New Zealand. The term weta is the Maori name given to them. The group shows great disparities between males and females, with males often having enlarged heads and tusk-like mandibles. The ground weta (Hemiandrus species) are distinctive in their extensive use of chemical communication, but it is the tree weta (Hemideina species) that have attracted most research attention by virtue of their distinctive reproductive behaviour. Males are aggressive, and occupy holes in trees where they gather together ‘harems’ of females. We will return to a detailed discussion of their extraordinary lifestyle in the chapters on mating systems and sexual selection (Chapters 4, 5 and 6).

The term Ensifera refers to the sword shaped ovipositors possessed by the females of the suborder, although it is not an accurate characterisation of the ovipositors of female crickets. These are variously described as spear or needle shaped. Nevertheless, the general point is valid. Prominent and elongated ovipositors projecting from the rear of the abdomen are almost universal among the females of the suborder. Another characteristic feature, and one present in both males and females, is the pair of long, flexible filamentous antennae. In many species these are as long as or even much longer than the body. As well as providing multi-modal sensory information, the antennae are used extensively in courtship. There are internal anatomical features and DNA evidence that support the view that the different subdivisions of the Ensifera belong together as a natural grouping (Gwynne, 2001).

The other suborder of the Orthoptera is the Caelifera. This suborder evolved later than the Ensifera, probably during the early Triassic, and is likely to have evolved from earlier ensiferans (Gorochov et al., 2006). The term Caelifera may refer to the inconspicuous chisel-shaped ovipositors of the females (in contrast to the sword shaped ones of the Ensifera) (Marshall, pers. corr.). The Caelifera also have shorter, relatively stiff, parallel sided or clubbed antennae, quite different in appearance to the long filamentous and tapering antennae of the Ensifera. By far the greatest number of species worldwide are grasshoppers, or grasshopperlike insects that are assigned together under the superfamily grouping ‘Acridomorpha’. This grouping is further subdivided into seven superfamilies, only two of which are represented in the European fauna. These are the Acridoidea and the Pyrgomorphoidea. The latter superfamily is represented in Europe by one genus only: Pyrgomorpha, characterised by a distinctive profile, in which the dorsal surface of the head rises from its junction with the pronotum, rather than continuing in the same plane as is usual in grasshoppers.

The superfamily Acridoidea includes eleven families, only two of which are represented in Europe. One of these, the Pamphagidae, includes some of the largest orthopterans in Europe, but their distribution is limited to the extreme south.

The other family is the Acrididae, the principal grasshopper family. Worldwide some 25 subfamilies are distinguished (Orthoptera Species File: http://Orthoptera.SpeciesFile.org), but most of the European species and all of those that are native to Britain belong to just two: the Oedipodinae and the Gomphocerinae.
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FIG 11. The grasshopper Pyrgomorpha conica, from southern Europe.
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FIG 12. The Egyptian grasshopper, Anacridium aegyptium.
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FIG 13. A melanopline grasshopper, Miramella alpina, and an acridine grasshopper, Acrida ungarica.


Other subfamilies with some European species include the subfamily Cyrtacanthacridinae to which belongs the well-known Egyptian grasshopper (Anacridium aegyptium), vagrants or escapees of which are frequently reported in Britain.

The subfamily Melanoplinae includes a distinctive group of several mostly brachypterous (short-winged) species that occur in the European mountain ranges, and the subfamily Acridinae includes the elongated, twiglike Acrida ungarica.

In addition to the Acridomorpha, there are two further extant superfamiles of the suborder Caelifera. These are the Tridactyloidea and the Tetrigoidea. The Tridactyloidea includes sandhoppers and pygmy mole-crickets and is represented in Europe by just two species (in the family Tridactylidae), Xya pfaendleri and X. variegata. These are scarce, small southern species that inhabit unvegetated margins of rivers and lakes. They feed on algae, and dig long, winding galleries in the earth where they take refuge in bad weather (Bellmann & Luquet, 2009).

The other caeliferan superfamily is the Tetrigoidea, and it is represented in both Britain and Europe by several members of the family Tetrigidae. In English they are known variously as groundhoppers, pygmy grasshoppers and grouse-locusts. They look superficially like very small grasshoppers, but are distinguished by the extension of the pronotum back over the dorsal surface of the abdomen. Britain has three species, all included in the genus Tetrix.

ORTHOPTERANS AND THEIR ENEMIES

One stimulus to the study of diseases, parasites and predators of grasshoppers and crickets has been the hope of biological control over the populations of pest species such as locusts. However, despite the fact that some of their enemies can cause high death rates, the scientific view seems to be that the population dynamics of orthopterans are not, in general, greatly affected (see Chapter 9).

Predators of orthopterans include many species of birds, small mammals (especially bats) and reptiles, but they are also highly vulnerable to a range of invertebrate predators, most notably spiders and robber-flies (Diptera: Asilidae), as well as other orthopterans, such as the carnivorous wartbiter bush-cricket. Belwood (1990) describes predation on bush-crickets by forest gleaning bats in South America (see Chapter 5), while Robinson (1980) mentions four British species of bats that pick insects from vegetation, and whose hearing is in the frequency range of the speckled bush-cricket. Gwynne (2001) describes the remarkable convergence of predators on marching bands of mormon crickets in western USA: gulls, lizards, rodents, badgers, over two dozen bird species – and even fish, as the ‘katydids’ raft over rivers. Even in the absence of such huge concentrations of orthopterans in temperate climates, orthopterans can still constitute important components of the diet of birds – including threatened farmland species, and game birds such as pheasant and partridge (see Chapter 9).

Spiders are serious predators of orthopterans at all developmental stages. Early instar nymphs suffer very high mortality from ‘wandering’ spiders of family Lycosidae (see Oedekoven & Joern, 1998; Cherrill & Begon, 1989b). Adults and late instar nymphs frequently fall victim to large web-weaving spiders such as the labyrinth spider (Agelena labyrinthica), the garden spider (Araneus diadematus) and the four-spotted spider (Araneus quadratus). The wasp spider (Argiope bruennichi), a recent addition to the British spider fauna, is another effective predator of orthopterans.

The females of several species of solitary wasp, the most widespread of which is Tachysphex pompiliformis, collect and paralyse grasshoppers. These are carried back to a burrow, where the wasp lays an egg on the underside of the thorax between the first and second pairs of legs. Early in the season up to ten grasshopper nymphs may be used to provision a single brood cell, but later a single large nymph may be sufficient. The newly hatched wasp larva feeds on the grasshopper body contents, and emerges from the burrow about a week later. A range of grasshopper species are attacked, including Chorthippus species, Stenobothrus lineatus and Myrmeleotettix maculatus (Edwards (Ed.), 1998; Baldock, 2010; Owens, pers. corr.).
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FIG 14. A wasp spider, Argiope bruennichi, with grasshopper prey.


[image: image]
FIG 15. A solitary wasp, Tachysphex pompiliformis, with field grasshopper, Chorthippus brunneus nymph as prey. (© N. Owens)




Grasshoppers and bush-crickets are also threatened by a range of invertebrate parasites and parasitoids. One of the most fully studied is the parasitoid fly Blaesoxipha plumicornis (Diptera: Sarcophagidae). The female fly gives birth to tiny larvae which she deposits on the abdomen of a grasshopper. The fly larva burrows through the cuticle and feeds on the host’s body tissues until it is full grown. It then emerges from the membrane between the grasshopper’s head and pronotum, and pupates in soil. Up to four fly larvae have been recorded from a single grasshopper, but more usually only one larva is deposited per host (Richards & Waloff, 1954). Usually it is females that are targeted by the fly, possibly because they are more readily detected as they move toward singing males, or because they are a more nutritious host for the larva. The host grasshopper invariably dies when the fly larva has completed its development.

The eggs of grasshoppers and bush-crickets are also vulnerable to parasitism, especially by wasps of the genus Scelio (Hymenoptera: Scelionidae). Richards and Waloff (1954) estimated the level of parasitism in eggs of Chorthippus parallelus and C. brunneus at their study site as between 19 and 28 per cent of egg pods, with most eggs in each parasitised pod being affected (see Chapter 9 for more detail). A study cited by Brown (1983) reported four out of ten pods of C. brunneus, and three out of thirteen of C. parallelus affected, but only seven or eight percent of eggs were parasitised. A chalcid wasp (Hymenoptera: Chalcidae) is reported as an egg parasite of the short-winged conehead (Conocephalus dorsalis) (Blair, 1948).

Orthopterans are also parasitized by nematode worms, and are very vulnerable to various pathogenic fungi and bacterial diseases. Grasshopper victims of the fungus Entomophthera can sometimes be seen with their legs wrapped around the stems of grasses (Marshall & Haes, 1988). Streett & McGuire (1990) give a wide-ranging review of the diseases of grasshoppers.

The calling song of male orthopterans provides one important means by which potential predators and parasites are able to locate them. Such ‘acoustically orienting’ enemies have hearing that is sensitive to the frequency range of their host species. Belwood’s study, mentioned above, details predation by acoustically orienting bats, and birds such as screech owls, as well as carnivorous bush-crickets and mantids, which prey on bush-crickets of the subfamily Pseudophyllinae in South American forests. Flies of the widespread family Tachinidae are well-known parasitoids of other insects, and some (tribe Ormiini) parasitise crickets, mole-crickets and bush-crickets. Like the females of Blaesoxipha, the flies deposit their young larvae on the abdomen of their host. The larva goes on to consume the body tissues of the host ensiferan, emerging when fully grown, and pupating outside the host’s body. The flies use the calling song of the male orthopteran to locate it, so it is mostly males that are parasitised (Cade ,1975; Allen, 2000; review in Robinson & Hall, 2002).

Under selection pressure from intense predation and parasitism, orthopterans have evolved numerous defensive strategies. Primary defences are ones that operate independently of the actual presence of a potential threat. Most grasshoppers and crickets are cryptically coloured, and often have shapes that mimic the structures of vegetation such as leaves or twigs (for example, the leaf mimics of the Pseudophyllinae, see Gwynne, 2001, plates 10 to 13). A few species (but none of the British ones) have adopted bright ‘aposematic’ colour patterns that are believed to act as a warning to potential predators, and a few are mimics of other invertebrates – notably spiders and ants. Marshall & Haes (1988) give as an example of the former the similarity of early nymphs of the dark bush-cricket (P. griseoaptera) to a lycosid spider, and the greenhouse camel-cricket (D. asynamorus) is also remarkably spider-like. The early instars of the south east Asian conocephaline bush-cricket Macroxyphus sumatranus look and behave in ways that closely resemble ants (Gwynne, 2001). These are presumably adaptations that offer some protection against visual predators.
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FIG 16. Spider-like early instar nymph of the dark bush-cricket, Pholidoptera griseoaptera.


If a potential predator or parasite is detected, one option is to remain perfectly still on the expectation that camouflage will be effective. However, if the threat appears urgent (as when approached by large mammals such as humans) the main alternatives are to dive deep into long grasses or other deep vegetation, or to jump or fly. The first of these is available only in some microhabitats, but it is very effective. Jumping or flying has several disadvantages. First, it attracts attention, offsetting its value as a means of escape; second, it is energetically costly; and, third, it runs the risk of blundering into a spider’s web. However, the jump/fly response is often effective if, as very often seems to be the case, the fugitive is able to ‘disappear’ by landing on a suitable background and remaining motionless. In a few species, potential predators are greeted by a defensive ‘startle’ behaviour, often combining a distinctive threat posture with an aggressive stridulation. Some of the most striking examples are provided by the giant and tree weta of New Zealand (Field & Glasgow, 2001).

Acoustically orienting predators and parasitoids exert selective pressures on songsters – predominantly males. However, singing is likely to have been evolved by sexual selection through competition with other males and the need to attract potential mates. There is thus some tension between pressures to enhance reproductive success and the heightened vulnerability to predation and parasitism that song brings with it. Possible defences include developing the ability to detect a potential enemy before it becomes an immediate threat, singing at times when potential enemies are not active, or switching to a different call frequency (or even to an alternative channel of communication, such as vibration (‘tremulation’)). Ceasing to call as a potential predator approaches is another tactic (ter Hofstede et al., 2008), as is simply calling briefly and intermittently, so that an enemy does not have time to effectively locate the caller.

Assuming that there is a trade-off between the reproductive success of males and the increased vulnerability to predation or parasitism imposed by their calling song, it is to be expected that natural selective pressures will have influenced the pattern of acoustic communication in species that suffer from acoustically orienting enemies.

It may be speculated that the very brief and intermittent chirps of the speckled bush-cricket (Leptophyes punctatissima), together with the call-and-response pattern established when a willing female answers a male chirp, could be a system that has evolved in response to predation or parasitism from acoustically orienting hunters (Robinson, 1980; Robinson et al., 1986; Robinson, 1990). A recent case of ‘evolution in action’ is reported from a Hawaiian island on which males of the cricket Teleogryllus oceanicus have suffered intense selective pressure from a parasitoid tachinid fly (Ormia ochracea). In a few generations most of the males have evolved as flat-winged forms, no longer able to sing. This is despite the fact that females continue to show preference for calling males (Zuk et al., 2006; Bailey and Zuk, 2008. See Chapter 5 for more details).

THE BRITISH ORTHOPTERA

The 28 British native species, together with the two long-established aliens and two recent colonists, include representatives of five families of the Ensifera (Rhaphidophoridae, Tettigoniidae, Gryllidae, Mogoplistidae and Gryllotalpidae) and, among the Caelifera, the Tetrigidae and two subfamilies of the Acrididae. Detailed accounts of the appearance, life history, behaviour, habitat and distribution of the individual species will be given in Chapters 7 and 8. This section will provide an introduction to the main distinctive features of each family or subfamily grouping.

ENSIFERA

1. Rhaphidophoridae (camel-crickets)

The greenhouse camel-cricket (Diestrammena (formerly Tachycines) asynamorus) is a long-established alien, now occurring rarely in heated greenhouses. It is the only established breeding species of this family in Britain. The camel-crickets are wingless and also lack either hearing organs or means of stridulation. However, they do have vibration receptors (subgenual organs) in the tibiae. The females have long, slightly up-turned ovipositors. The antennae are especially long, often several times the length of the body, and the legs are also long and spindly, giving a spider-like appearance. They live in caves or other dark, humid places, and are often gregarious, interacting frequently by stroking one another with their antennae.
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FIG 17. The greenhouse camel-cricket, Diestrammena asynamorus, female.


2. Tettigoniidae (bush-crickets)

The bush-crickets are also sometimes referred to as long-horned grasshoppers, and in America and Australasia are commonly called ‘katydids’, a word thought to be an onomatopoeic representation of the song of an American species, Pterophylla camellifolia (Gwynne, 2001: 18–19). Fossil remains of ancestral bush-crickets date from at least the mid Triassic (although Gwynne (2001), following Sharov (1968), places them as early as the late Permian – some 250 million years ago). There are ten native British species, and two recent colonists.

The bush-cricket body is roughly tubular (that is, not dorsoventrally flattened), the antennae are long and filamentous, the hind legs are long and adapted for jumping, and the tarsi have four segments. The pronotum is saddle-shaped, with the rear edge of the dorsal surface curved. In fully winged species the wings are folded back over the dorsal surface of the abdomen when the insect is at rest. The males of most species produce sound by rubbing together their fore wings (tegmina). These are structurally modified for this function, and in the males of some species with reduced wings the stridulatory apparatus comprises most of the wing. In bush-crickets the sound is produced by scraping the left tegmen over the right. In just two species that occur in Britain there is no stridulation, but the males produce a sound by drumming with one leg against a substrate. The specialised hearing organs consist of a pair of ‘ears’ each located in a fore tibia, just below the knee. The tibial ears are linked internally by extended tracheal tubes to a pair of auditory spiracles located on the sides of the first segment of the thorax (see Chapter 2 for more details).
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FIG 18. Female great green bush-cricket, Tettigonia viridissima, a fully winged species; male dark bush cricket, Pholidoptera griseoaptera, showing fore wings (tegmina) reduced to stridulatory apparatus only.


The females have conspicuous ovipositors that project from the rear of the abdomen. Although the ancestors of bush-crickets are believed to have laid their eggs in the soil, the majority now lay their eggs (singly or in small batches) in plant tissue. The straight or sickle-shaped ovipositors are used to insert the eggs into the appropriate substrate. The ovipositor is made up of three pairs of articulated valves, through which the eggs pass, singly, into the selected medium. In a few species that lay their eggs in tough plant tissue (such as the bark of trees – e.g. M. thalassinum) the material may be excavated or softened by chewing first. Some species that lay their eggs in plant stems, such as Roesel’s bush-cricket (M. roeselii) and the short-winged conehead (C. dorsalis), nibble holes in the outer cuticle of the stem prior to piercing it with their ovipositors (see the DVD selections on these species).
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Variation in the shapes of ovipositors may be related to the kind of substrate used and also the ovipositing technique employed. The robust, straight ovipositors of the great green bush-cricket (T. viridissima) and the wartbiter (D. verrucivorus) are supposed to be an adaptation to their habit of ovipositing in soil. The short, stubby ovipositor of the sickle-bearing bush-cricket (P. falcata) is adapted for its habit of laying its eggs between the epidermal layers of leaves.

The males have a pair of cerci that are used to grip the female during mating, and, in some cases, to prolong copulation by constraining her movements. A general feature of the mating systems of the bush-crickets (shared with a few other orthopteran groups) is that during mating the male transfers not just the sperm and associated fluid to the female, but also a gelatinous mass, known as the spermatophylax. The female subsequently eats this, and the function of these ‘nuptial gifts’ has inspired a great deal of fascinating research and controversy (see Chapters 4 and 6). The bush-crickets are usually omnivorous or vegetarian, but a few are predatory carnivores, feeding on small invertebrates. As the English name implies, the bush-crickets generally live among vegetation, although a few have become secondarily adapted for life on the ground. Depending on species, there are from four to eight nymphal instars, and the life cycle may be annual or, in some species, may be prolonged by an extended embryonic period in the egg for two or more years (up to seven years). The wing stubs in winged species are inverted for the final two instars (see Chapter 3).
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FIG 19. (a) Ovipositor of a female warbiter, Decticus verrucivorus; (b) female wartbiter egg-laying in the ground; (c) eggs of the short-winged conehead in stem of the sea clubrush, Bolboschoenus maritimus; (d) ovipositor of the short-winged conehead, Conocephalus discolor.


3. Crickets (Gryllidae)

Although ancestral gryllids were present from the mid- to late-Triassic period, the true crickets did not make an appearance until the early Cretaceous (some 130 million years ago). The British gryllid cricket fauna is very limited, with only two native species, and one established alien. The antennae are long and filamentous, the body is flattened dorsoventrally, and the dorsal surface of the pronotum is rectangular. The hind legs are longer than the fore and mid legs, but not so markedly as in the bush-crickets. The hind legs are also sturdy, and not spindly, as in the bush-crickets. Both males and females have long straight cerci, and the ovipositor of the females is straight with a pointed swelling at the tip, and projects backwards from the rear end of the abdomen. Males have rows of spines facing outwards from their hind tibiae.

In fully winged species the hardened tegmina are folded back and around the sides of the abdomen when the insect is at rest. Males of most species are able to produce sounds by stridulation. As in the bush-crickets, the sound is produced by scraping one tegmen over the other, but in the gryllid crickets, it is the right tegmen that is moved over the left. The ‘ears’ of the crickets are, like those of the bush-crickets, located on the fore tibiae, and linked to auditory spiracles on the first thoracic segment. However, there are some structural differences, and it is believed that hearing evolved independently in the two families.

The life cycles differ greatly from species to species, and sometimes within a species, depending on climate. Eggs are usually laid in the soil rather than in plant material, and there may be from eight to eleven nymphal instars. As in other orthopterans, the wing stubs (in winged species) are inverted for the final two instars. Several of the structural features of the crickets can be seen as adaptive for life on the ground, rather than in vegetation, and most species take shelter in holes or under leaf litter, while others (such as the field cricket, Gryllus campestris) dig burrows.
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FIG 20. Female field cricket, Gryllus campestris.


4. Scaly crickets (Mogoplistidae)

The family is widespread globally, but only one British species is known. Formerly considered a subfamily of the Gryllidae, the scaly crickets are so called because their body surface is covered with minute fragile scales, giving them a rough, granular appearance. The body is flattened dorsoventrally, and wings are entirely absent in most species. There are no stridulatory organs, and no tibial hearing organs. The antennae are used constantly in communication with conspecifics and in monitoring the environment. Both sexes have long, tapering cerci, and there are three tarsal segments. The hind legs are shorter than in most other Ensifera, but the crickets retain the ability to jump. The female ovipositor is spear-shaped, as in the true crickets.
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FIG 21. Female scaly cricket, Pseudomogoplistes vicentae.


5. Mole-crickets (Gryllotalpidae)

It seems that the mole-crickets evolved somewhat later than the Gryllidae, during the Cretaceous period. There is just one British species, which is close to extinction, although there are relatively frequent reports of accidental imports of alien species in plant material. The most striking feature of the mole-crickets is the enlargement and structural modification of the fore legs for digging. Together, the head and pronotum form a smoothly tapering egg shape, and the hind legs are secondarily reduced in size, so that the overall shape of the insect is modified for its mainly subterranean habit. The antennae are short, compared with those of the other ensiferan groups, and there is a pair of long, straight cerci at the tip of the abdomen. The hind tarsi have three segments. The short tegmina are hardened and, in the males, structurally modified for stridulation, with the hind-wings furled over the abdomen as in winged species of true crickets. The females lack the prominent ovipositor characteristic of other ensiferans. Females remain in their burrows with the eggs and are almost unique among the Orthoptera in showing maternal care of the eggs and early instar nymphs.
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FIG 22. The mole cricket, Gryllotalpa gryllotalpa. (© B. Pinchen)


CAELIFERA

1. Groundhoppers (Tetrigidae)

The groundhoppers are small relatives of the grasshoppers. The antennae are short and the long hind legs are adapted for jumping. The most obvious difference between them and the grasshoppers is the backward extension of the pronotum over the dorsal surface of the abdomen, and in some species beyond its tip. The fore wings are reduced to small lateral flaps, while the hind wings are fan-folded under the pronotum. There are two segments in the tarsi of the fore and mid legs, three in the tarsi of the hind legs, and there is no arolium (small pad or swelling) between the claws. There appear to be no stridulatory or hearing organs. The eggs are laid in batches in the soil or among low-growing plants, and the resulting nymphs pass through five instars in the male, six in the female. There are three British species.
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FIG 23. The common groundhopper, Tetrix undulata.


2. Grasshoppers (Acrididae)

The grasshoppers are the most familiar of the orthopteran groups. They are common, and sometimes abundant, in a range of grassland types. The antennae are short and either parallel-sided or thickened towards the tip – sometimes club-tipped (as in butterflies). The pronotum is saddle shaped and has several features that are important for identification. When viewed from above, the rear edge of the pronotum is curved outwards, but does not project back over the abdomen as in the groundhoppers.

There is a fine longitudinal ridge, or keel, along the midline of the dorsal surface of the pronotum (the ‘discus’). There are two more longitudinal keels, one on each side of the discus of the pronotum. These may be straight and almost parallel, more or less strongly curved inwards, or angled inwards (‘indented’). There is also a fine groove (‘median suture’) that runs transversely across the discus.

Most species are fully winged, with the tegmina hardened, and both pairs of wings folded back over the abdomen when the insect is at rest. Some species (including one British species, Chorthippus parallelus) have their wings markedly reduced, although in some such species there are long-winged forms. The hind legs are long, and grasshoppers are generally very effective jumpers. Fully winged species are able to supplement their jumps with flights of ten metres or more.

Most species have a distinctive song produced by the male, and sometimes also by the female. There are two subfamilies with representatives among the British species. In subfamily Oedipodinae sound is usually produced by scraping a ridge on the hind femur over a prominent vein in the tegmen. In the one native British oedipodine grasshopper (Stethophyma grossum) a series of sharp clicking sounds is made by flicking a hind tibia against the adjacent wing tip (see DVD). Most British species belong to subfamily Gomphocerinae, and in this group sound is produced by scraping a row of tiny pegs on the hind femur against a prominent (radial) vein on the flexed tegmen. Both hind femora are used, often to some extent out of synchronisation with one another. Some species have elaborate courtship performances, including both song and dance. The hearing organs are a pair of distinct auditory cavities located at the sides of the first abdominal segment.
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FIG 24. The common field grasshopper, Chorthippus brunneus, male.
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FIG 25. Dorsal surface of the pronotum of grasshoppers, showing the shape of the lateral keels: (a) lesser marsh grasshopper, Chorthippus albomarginatus; (b) meadow grasshopper, Chorthippus parallelus; (c) common green grasshopper, Omocestus viridulus; (d) field grasshopper, Chorthippus brunneus.


The female ovipositor is short, with two pairs of valves, whose shape is useful in the identification of some species. Males have an up-turned subgenital plate at the tip of the abdomen, and different profiles of the abdomen tips are useful in distinguishing males from females. Both sexes have a pair of short cerci.

The eggs are laid in batches among grasses or in the soil. They are surrounded by a secretion that hardens into a pod. In temperate climates the winter is usually spent in the egg stage, the nymphs hatching the following spring and passing through four or five nymphal instars. As in other winged orthopterans, the developing wing pads are inverted in the final two nymphal stages. There are eleven British species (with a further two that occur in the Channel Islands).
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FIG 26. Tip of the abdomen of male and female of the lesser marsh grasshopper, Chorthippus albomarginatus.


WHERE AND HOW TO FIND GRASSHOPPERS AND CRICKETS

A glance at the distribution maps for the British species reveals one very clear pattern: more than a third of the native species occur only south of a line between southern coastal districts of Wales, the Bristol Channel and the Wash. The distribution of others reaches not much further north, while even the hardy species that are widespread throughout mainland Britain often become noticeably more localised northwards. Ireland, while not significantly different climatically from the rest of the British Isles, has only twelve species. D. Ragge (1963, 1965, 1988) has provided a powerful explanatory framework for this pattern. His analysis combines historical climates, geological formations and vegetation cover, together with understanding of the habitat requirements and climatic tolerances of our orthopteran fauna. Conditions prior to the retreat of the ice at the end of the last glaciation (approximately 12,000 years ago) were too cold for all of the species that currently occur here. At that time, the lowering of the sea level due to the formation of the ice cap had allowed the formation of a land bridge between the British and continental mainlands, and another between the west of northern Britain and the north of Ireland.

As the climate continued to warm, and the ice to retreat, orthopteran species began to colonise what eventually became southern Britain. Cold-tolerant species such as the common field grasshopper (C. brunneus), the common green grasshopper (O. viridulus), the common groundhopper (T. undulata), the speckled bush-cricket (L. punctatissima) and the oak bush-cricket (M. thalassinum) are likely to have been the first to colonise. These would have spread northwards and, together with the mottled grasshopper (M. maculatus), the large marsh grasshopper (S. grossum), the lesser marsh grasshopper (C. albomarginatus), and the mole-cricket (G. gryllotalpa), would then have crossed the land bridge between mainland Britain and Ireland. By the onset of the Boreal period (some 9,000 years ago) sea-level rise cut off Ireland and the Isle of Man from the British mainland, preventing any more orthopteran species from colonising Ireland from the rest of the British Isles. Some time later (Ragge suggests between 9,000 and 8,000 years ago) further sea-level rise isolated the British mainland from continental Europe, preventing further colonisation of Britain from the rest of Europe. This historical sequence helps to explain why species that endure more hostile climates in northern Europe, and probably could survive in Britain, still do not occur here. It seems that their post-glacial northward migration through what is now France took place too late for them to cross the land bridge.

Ragge’s account makes good sense of the absence of the meadow grasshopper (C. parallelus) from Ireland and the Isle of Man: its inability to fly may have slowed down its range expansion into northern Britain, so that it arrived at the land bridge too late to colonise them. However, as he acknowledges, his account has difficulty in making sense of the isolated population of the lesser mottled grasshopper (S. stigmaticus) on the Isle of Man. Did it formerly have a more widespread distribution in England? If so, what explains its extinction everywhere else? On the assumption of a north-western land bridge to Ireland, the presence there of highly localised populations of the dark bush-cricket (P. griseoaptera) and Roesel’s bush-cricket (M. roeselii) also seems puzzling. Although Roesel’s bush-cricket has recently extended its British range both northwards and eastwards, its known historical range was far distant from the land bridge to Ireland. The dark bush-cricket’s current range does reach to south-west Scotland, but its known distribution in Ireland is confined to restricted areas in the south and west. It is, of course, possible that the geographical gaps in the currently known distribution of these species were filled in previous, warmer epochs, with subsequent contraction leaving isolated relict populations.

With the climatic warming that took place following the arrival of the native orthopteran fauna came also a rapid spread of forest cover. This would have severely limited range extensions on the part of almost all species, and it seems likely that they remained confined to small areas of open ground, perhaps on the coasts, river margins, and adjacent to early human settlements. On Ragge’s account, deforestation would have begun in earnest from around 5,000 years ago in Neolithic times, when the East Anglian Brecks and southern downlands were cleared. By the end of the Roman occupation only half of the forest remained, and orthopterans would have had much greater opportunities for dispersal. However, their subsequent patterns of dispersal would have been limited both by a climate that was by now cooler in the summers, and by features of geology, land forms and vegetation cover.

Ragge’s analysis focuses on the Hampshire basin – including the New Forest, the Isle of Purbeck and the Isle of Wight. This remains the richest area in Britain for Orthoptera. The sands and clays of the New Forest and the heaths of north Purbeck are fringed by calcareous downland ridges. The acidic sandy soils are nutrient poor, and so do not support luxurious vegetation, while the valley bottoms have become waterlogged because of the underlying clay. These conditions support the boggy hollows where species such as the large marsh grasshopper (S. grossum) and bog bush-cricket (M. brachyptera) thrive, while on drier heathland and scrubby woodland occur the woodland grasshopper (O. rufipes) and the wood cricket (N. sylvestris), as well as small populations of the rare heath grasshopper (C. vagans). On the warm, south-facing slopes of the downland can be found the great green bush-cricket (T. viridissima) and stripe-winged grasshopper (S. lineatus). A similar pattern of wet and dry heathland and chalk downland is to be found to the north and east, in the London basin, in the shape of the North Downs, South Downs and Surrey heaths.

These areas remain prime hunting grounds for Orthoptera enthusiasts, but there are many opportunities for the study of these fascinating insects elsewhere. Some species are to be found in a wide range of coastal habitats, while others can still be found in the wider countryside, and in urban locations where intensive agriculture or excessive tidy-mindedness have so far failed to eliminate them. As will be discussed at greater length in Chapter 9, the post-war transition to more intensive agriculture over large areas of southern and central England must have devastated populations of the commoner grasshoppers and bush-crickets. Orthoptera are virtually absent from intensive arable cropland, while the nutrient enrichment and commercially dictated cutting regimes of hay meadows allow the survival of no more than two or three very resilient species of grasshopper. Lightly grazed pasture seems to be favourable to a few more common species. Loss of hedgerows and copses, too, will have eradicated much of the habitat of species such as the oak, speckled and dark bush-crickets on farmland.

However, there are some compensations. Fragments of suitable habitat do persist – often unintentionally – in intensively managed farmland. Some hedgerows and woodland have survived, and are increasingly valued by many farmers and other land managers. Alongside hedgerows there are often footpaths, bridleways and cart tracks, and these, together with ditches, continue to provide habitat for as many as eight or nine species. Other patches of suitable habitat for several species are incidental products of modern infrastructures such as coastal flood defences, the cuttings and embankments of motorways, the verges of lanes and roads, open areas in forestry plantations and margins of reservoirs. Special mention here should be made of many so-called brownfield sites, former industrial land that has benefited from neglect of formal management and has acquired a rich botanical diversity and invertebrate fauna. Such sites are frequent targets for developers, and need to be actively advocated and defended.
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FIG 27. New Forest wet heath, habitat of the large marsh grasshopper, Stethophyma grossum, and the bog bush-cricket, Metrioptera brachyptera.


Many areas set aside for public recreation, such as urban parks and gardens, country parks, and rural ‘visitor attractions’ such as stately homes and gardens, have a good range of Orthoptera species, and it is well worth surveying them and highlighting their value to owners and managers. Finally, alarm about the loss of biodiversity associated with agricultural intensification and urbanisation has led to a shift of policy in the direction of conservation. Land managers can apply for government funding to set aside land from commercial production in favour of habitat provision. In addition both statutory and voluntary bodies have established nature reserves where the interests of biodiversity conservation are given (or should be given) priority in the management regime. Such measures have undoubtedly been to some degree beneficial, but newer approaches that conceptualise nature conservation at the level of whole interconnected landscapes may offer more promise for the future if adequate funding can be gained.
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FIG 28. A so-called ‘brownfield’ site on Canvey Island, Essex, with an exceptionally rich invertebrate fauna.


The above discussion should provide some suggestions as to where to look for grasshoppers and crickets, but not necessarily how to do so! Often, if the day is warm, and the observer is possessed of good hearing, the general location of a suitable site to survey can be made on the basis of the songs of the grasshoppers. Otherwise, experience soon enables one to spot a potentially suitable patch of habitat. Having found such a place, perhaps the simplest method is to walk slowly through the area, watching out for the insects to jump or briefly fly as they attempt to escape. Even then, locating the insect is not always easy. A grasshopper will often touch a grass stem before it lands, and while its hunter is distracted by the movement, it will have disappeared a few inches further on. While some species remain motionless and perfectly camouflaged once they land, others dive down into the depths of vegetation.

Even when located, grasshoppers and bush-crickets keep a close watch, and even a slow, gentle approach to get a close look at structure or markings will often trigger another jump. Alternatively, the insect will swivel around the grass stem so that only its feet are visible. A hand passed around the other side of the stem will sometimes persuade it to swivel back again – but only sometimes! The method of walking slowly and searching visually when they jump or fly is probably the best way of locating groundhoppers, as they make no sound. Here, some experience of their favoured habitats and geographical distribution is a most useful aid.

With experience, and good hearing, it is possible to locate and identify many species by noting distinctive features of their song. For those of us with a deteriorating ability to pick up high-frequency sounds, a bat detector is invaluable. Again, some experience is necessary to recognise the modified sounds of the different species, but when this can be done the detector is a great help with surveying for bush-crickets, especially. Speckled bush-crickets, the coneheads, grey bush-crickets, wartbiters and, for some of us, even Roesel’s bush-crickets, are very difficult or outright impossible to hear unaided. Surveying in Essex using a bat detector has revealed that the speckled bush-cricket, for example, is far more widespread then would have been guessed from visual sightings. Even those with exceptionally acute hearing still may benefit from the use of bat detectors (Baldock, 1999; Gardiner et al., 2010).

The oak and southern oak bush-crickets do not stridulate, and I have no evidence that the sound of their drumming can be used by humans to locate them. Several methods are recommended. They fly at night, and the oak bush-cricket comes to light, often entering lighted rooms, or intervening during moth-trapping sessions. It is said they may be found as road casualties after being dislodged from their perches by high winds. Another method, which is hard work but moderately successful for both species, is beating the lower branches of deciduous trees, while holding a purpose-made beating tray, or inverted umbrella, below. This seems to be more effective as a means of finding nymphs than adults – either simply because they are more numerous, or, possibly, because the adults tend to live in higher foliage. Finally, shining a torch on the trunks of trees at night is said to be an effective method of finding the females (Hawkins, 2001) – although in some areas this might put one at some personal risk from other humans!

Surveying the range of Orthoptera inhabiting particular sites can be very valuable if evidence is needed to defend an area from unsuitable development, or give advice on management. Despite their lack of gaudy decoration, grasshoppers and crickets are very beautiful animals, and make excellent photographic subjects. Photography is also an extremely useful aid to identification for the beginner. Although very high-quality photographs can now be taken using low-priced cameras, it is helpful to be able to obtain a large image while working at some distance from the subject. A macro lens (e.g. 200 mm) or camera with a macro setting is therefore advisable. For identification from photographs it is important to get a clear view of the diagnostic features. So, for example, a dorsal view of the side keels of the pronotum together with a lateral view showing the leading edge of the fore wing in focus are required for the identification of many grasshoppers. A clear view of the shape of the ovipositor in female bush-crickets is another example.

Filming the fascinating behaviour of orthopterans can also be a great source of interest and information. As I found, for someone without experience of filming, there is initially a very steep learning curve! Even with a degree of ability to work the technology, the problems of filming in the field are legion. As the subjects necessitate use of macro settings, filming without a tripod is impossible, even for those with a very steady hand. This means that filming has to be done from a static viewpoint, given the disturbance caused by attempting to move a tripod around in long grass, scrub or heath. This problem can only be addressed by getting to know the site very well before beginning filming. With experience it is possible to get a sense of exactly where and when during the day certain species come to bask, or sing, or carry out their courtship. Then it is a matter of setting up the tripod and camera, and waiting quietly in the hope that something will happen. Often it doesn’t, and the main reward of a day’s fieldwork will be aching legs and a liberal covering of insect bites. However, the satisfaction to be gained when things do happen, and one can view the results on a TV screen in the evening, is ample compensation. I guess the required attitude of mind is very similar to that needed for angling.

For more help with identification as well as scientific research projects, sound recording of orthopteran songs has a most important role to play. Pioneering work by D. W. Ragge in field recording of the songs of grasshoppers and crickets has contributed to the taxonomy of European species by showing how song is often a key element in the development of reproductive isolation between populations and the differentiation of species. In grasshoppers and bush-crickets the frequency spectrum of the song seems to be less significant than the rhythmic pattern of sound intensity. This has been represented by Ragge and others in the form of oscillograms which are distinctive for each species, and also show some revealing differences within species. Ragge describes the technique, and provides song analyses and oscillograms for the western European species in Ragge & Reynolds (1998).
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FIG 29. Song diagrams of the British Orthoptera, drawn from oscillograms by D. Ragge (reproduced from Ragge 1965, figs 38 and 58, with permission).


Finally, for some purposes it is important to be able to estimate the size of orthopteran populations in a given area. Several methods have been used. These include catching, marking and releasing insects. Subsequently samples are recaptured, and overall population size can be calculated from the proportions of marked to non-marked individuals among the new sample. Other methods include using a sweep-net and passing it through vegetation in a standardised way, counting insects in quadrats laid out at intervals across a site and walking a standard transect across a site, counting the insects flushed as one walks. Pit-fall traps are also sometimes used, although these are more useful for indicating the presence or absence of species than for estimating population sizes. Each of these survey techniques has its advantages and disadvantages, and these vary according to the purpose of the research and the nature of the habitat under study. An excellent critical review is Gardiner et al., 2005.

ABOUT THIS BOOK

Chapter 2 is about ‘mechanics’. It gives an account of the main external features of the orthopteran body, together with brief introductions to the basic mechanisms underlying sight, hearing, and the chemical senses. The processes involved in generating the distinctive motor responses to these sensory inputs are also described, for example, how orthopterans achieve their extraordinary leaps, fly and steer their phonotactic movements.

Chapter 3 introduces some of the diversity of orthopteran life cycles. Two key themes are the focus of the chapter. One is the various ways in which grasshoppers and crickets can vary the timing of the different phases of their life cycle in relation to the seasons, or to deal with adverse climatic conditions. The other theme is the phenomenon of alternative developmental pathways that are available within populations of some species. The most widely known examples are, of course, the phase transitions of locusts, but the production of minorities of long-winged forms in normally short-winged species is observed in a few British species. The coexistence in populations of many species of a variety of colour forms also poses puzzles that have been addressed in the scientific literature.

Chapters 4, 5 and 6 should be taken together, as they deal with aspects of a common theme: the reproductive behaviour of orthopterans. As almost all species reproduce sexually, reproduction involves at least these necessary stages: locating a potential mate, getting up close, persuading him or her to cooperate, and mating (in fact, as we shall see, there are more). It is commonly assumed that sexual reproduction is a cooperative process, in which both partners share an interest. However, it has long been recognised that conflict is also involved: males often compete for females, and females frequently reject the advances of males. Darwin went so far as to suggest that inheritable differences that conferred advantages in the struggle for sexual partners constituted a distinct evolutionary mechanism – sexual selection – alongside natural selection. Chapter 4 traces some of the history of debate about this idea, and more recent developments which emphasise the asymmetry of male and female interests and the evolutionary significance of sexual conflict. Chapter 5 is concerned mainly with the first steps in the reproductive process: how males signal their presence to potential mates, how rival males react to this ‘advertisement’, and how receptive females recognise and respond to it. The focus, then, is on the use of song, and the extent to which females exhibit preferences on the basis of its quality or persistence. Chapter 6 reports on further phases in the encounter between male and female, including courtship, mating, the transfer of sperm and the methods by which males attempt to ensure that it is their sperm that fertilises the female’s eggs. The diversity of behaviour exhibited across the different orthopteran groups is astonishing – from the elaborate song-and-dance routines of some grasshoppers, to the provision of gelatinous ‘nuptial gifts’ by male bush-crickets and the guarding of harems in holes in trees by male tree weta of New Zealand. The chapter draws on a selection from the vast international literature that describes and attempts to interpret these ‘mating systems’ in terms of the ideas of sexual selection and conflicts of interest between males and females.

Chapters 7, 8 and 9 deal exclusively with British species (including a small number that are not, or not yet, fully resident, but may occasionally be found here). Species and varieties found in the Channel Islands but not in mainland Britain are not included (see Evans & Edmondson, 2007). Preceding this group of chapters is an identification key to the British species. The aim is to enable identification on the basis of clear photographs, without the need to catch or kill specimens. A few structural features that may be difficult to see in a photograph are mentioned for confirmation of the identification of some species. Chapter 7 consists of species accounts for the British Ensifera (bush-crickets, crickets and the mole-cricket). Photographs and descriptions are given for each species, together with accounts of the main variant forms, methods for distinguishing it from lookalikes, and details of behaviour, life cycle, habitat, British distribution and any conservation issues. Chapter 8 repeats the exercise for the Caelifera (groundhoppers and grasshoppers).

Chapter 9 brings together material from previous chapters to inform a general discussion of the habitats, distribution and conservation issues concerning the British Orthoptera.


CHAPTER 2

Orthoptera: structure and function

Singing, hearing, jumping and flying

Subsequent chapters will be devoted to the natural history of orthopterans – their adaptations to their habitats and modes of life, their reproductive interactions, methods of avoiding predators and parasites, and so on. This chapter aims to provide a brief outline of the mechanisms underlying these different activities. Grasshoppers, crickets and their relatives are equipped with specialised sensory organs that detect vibration, sound, moisture, taste and smell. They also have well-developed visual acuity. Sensory inputs from this range of sources are processed in the nervous system and issue in nervous and hormonal messages, which in turn trigger motor activities such as feeding, flying, mating, egg-laying and jumping. There is space here to deal with only some of these sensory and motor activities, and only in a summary way. However, there should be enough information to give the reader a sense not only of how these insects achieve such remarkable feats of, for example, direction-finding, thermoregulation, or escaping, but also of their limitations and vulnerabilities. Because of the special place of sound communication in the lives of most orthopterans, the mechanisms involved in this will be explored in a dedicated section.

The chapter begins with a brief guide to the main bodily features of grasshoppers and crickets, and this will be referred to in other chapters. Some knowledge of this is essential for identifying specimens, as well as for understanding many descriptions of their behaviour.

EXTERNAL FEATURES

There are features of structure and associated sensory and motor abilities that are widely shared across the order.
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FIG 30. External structures of a male grasshopper.
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FIG 31. (a) Head and mouthparts of a grasshopper, with (right hand side) right mandible (hidden behind the labrum in the main drawing); (b) Mouthparts of a groundhopper, with labrum raised to reveal mandibles, with flattened grinding surface.


The body is divided into three sections: head, thorax and abdomen. The main features carried on the head are the two large, prominent compound eyes, the antennae, and the mouthparts with their associated sensory organs, the palps. Most species also have three tiny simple eyes situated on the ‘forehead’ (frons), between the compound eyes. The mouthparts are adapted for biting and chewing, and consist of an upper ‘lip’ or labrum that covers a pair of mandibles. The mandibles are used for biting. They open and close laterally, and usually have a serrated outer edge. Below these are the maxillae, used for chewing. The maxillae and the ‘lower lip’ (labium) bear fine, jointed projections, the palps. These are important sense organs, and are closely involved in detecting and selecting food, as well as being involved in chemical communication between the sexes, especially in bush-crickets. The antennae project from the forehead. They consist of a variable number of ring-like segments, and are covered with sensory hairs (sensilla) that give the insect both tactile and chemical information about its environment. The head also contains the brain (‘cerebrum’), and another neural complex, the suboesophageal ganglion. These receive sensory inputs directly from the eyes, antennae, mouthparts and alimentary canal, as well as receiving and processing neural inputs from the rest of the body. Close by in the head are two pairs of endocrine glands, the corpora allata and corpora cardiaca, whose secretions play a range of crucial roles in metabolism, behavioural readiness and development.
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FIG 32. Side view of the head of a grasshopper, showing (right hand side) the internal nervous and endocrine organs (schematic).
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FIG 33. Mid leg of a grasshopper.


The thorax is composed of three segments. A pair of legs is attached to the lower part of each of these thoracic segments, and, in winged species, the wing-bases stem from the upper part of the second and third thoracic segments. The dorsal plate on the first thoracic segment (the pronotum) is saddle-shaped (except in the mole-crickets), and covers the wing-bases. The shape and structural features of the pronotum give useful clues to the identification of species, especially in the grasshoppers. The legs articulate with their respective thoracic segment by way of short sections known as the coxa and trochanter, while the longest sections (the femur and tibia) are joined to one another by knee-like joints. Each leg ends in a foot, or ‘tarsus’, which usually consists of three or four segments, the terminal one of which bears a small claw. The legs are used in locomotion, but also play a role in regulating body temperature, enabling the insect to lift itself from, or press its body down on its substrate. The fore legs are also used for manipulating food items, and may be extensively modified for digging, especially in burrowing species. In most groups of the Orthoptera the hind legs are much longer than the other two pairs, and the femora are packed with powerful muscles that are involved in jumping. In some groups, notably the mole-crickets, the hind legs are secondarily reduced, but in almost all species some ability to jump is retained. In some species there are sharp spines on the hind legs that are used in aggressive encounters, or for defence.

In winged species there is usually a marked structural differentiation between the fore and hind wings. The former are relatively narrow and to some degree hardened, and termed the ‘tegmina’ (singular: tegmen). When the insect is at rest the fore wings are held back over the abdomen, and provide a protective cover for the more delicate hind wings, which are folded fan-like between the tegmina and the abdomen. The thorax in fully winged orthopterans is packed with powerful flight muscles, and each segment has a complex of nerve cells (ganglion) that is involved in the control of flight and the movements of the legs, sometimes directly responding to external stimuli, but also under the control of the coordinating function of the brain. Except in populations undergoing range extension, and in migratory species, such as the locusts, orthopterans rarely fly or jump spontaneously. These activities are costly in energetic terms, and tend to be used only in cases of emergency, typically in escape from predators. Some species, notably the groundhoppers, but also some grasshoppers (see Gardiner, 2009e) are able to use their legs to swim.
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FIG 34. Hind legs of tree weta, Hemideina crassidens, showing spines on the tibiae (collection of the Natural History Museum, London).
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FIG 35. Extended wings (right-hand side) of the field grasshopper, Chorthippus brunneus, showing the principal veins and costal bulge.
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FIG 36. Groundhopper with wings extended (© Roy Cornhill); slender groundhopper, Tetrix subulata, swimming.


The abdomen consists of eleven segments, but these are not always clearly visible, as terminal structures are considerably modified for reproductive functions. Each segment has pair of spiracles, or breathing pores, which allow the exchange of gases involved in respiration, but also play a role in maintaining the water-balance of the body. Towards the tip of the abdomen is a pair of projections (cerci), which may be modified in the case of males to constrain females during mating (see the Key, Fig K5). Towards the tip of the female abdomen is a genital opening into which sperm pass during or after mating, and a complex structure used for egg-laying (the ovipositor). The shape and structure of the ovipositor can be a useful aid to identification, especially among the bush-crickets (see the Key, Fig K3). At the tip of the abdomen, the ventral portion of the segment is termed the subgenital plate. The shape of this is also useful in the identification of some species. The contents of the abdomen include the hindmost sections of the digestive system, terminating in the anus at the tip of the abdomen, the rear portion of the longitudinal ventral nerve chord, together with a series of ganglia distributed along it, and some glandular structures associated with the formation of the eggs (and in some groups egg pods) in females, and sperm, plus ancillary substances secreted along with the sperm, in males.
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FIG 37. Schematic representation of the principal internal organs of a female cricket.


ORTHOPTERAN SENSES

Orthopterans are able to monitor a wide range of aspects of their environment by means of both specialised organs and numerous minute projections from the body surface known as sensilla. The main specialised organs are the eyes, hearing organs and vibration detectors. The sensilla are distributed over the whole body surface, but are especially concentrated in certain areas such as the palps, mouthparts, antennae and, in females, the ovipositor.

The reception of sound and vibration will be dealt with separately below. The organs of visual perception are the two compound eyes, combined with three simple ocelli arranged on the front of the head. The compound eyes give a 360° field of vision, with a relatively small area of frontal overlap. This enables binocular vision in front of the insect, and so the distance of a fixed object can be judged by parallax. Each of the facets and associated structures (ommatidia) that form the compound eye receives light from a narrow field, and the associated sensory cells are linked to neurones that synthesise the multitude of sensory inputs into a single image. This does not give the insect clear vision of detail, but broad patterns of shape, contrast, and especially movement can be detected. Light receptor cells grouped within each ommatidium contain specialised areas (‘rhabdomes’) that contain pigments, and variations in these are responsible for colour vision. The ocelli are believed to function mainly to monitor light-levels, and may be important when light intensity is low. Orthopterans such as locusts that engage in long-distance flights, as well as others involved in dispersal during range extension, or simply moving to favoured parts of a local habitat, require directional information to aid navigation. This is provided by specialised ommatidia in the dorsal rim of each compound eye, enabling detection of light polarisation. This has been studied in the locust (Schistocerca gregaria), but the adaptation seems to be present in a wide range of other species (Zufall et al., 1989; Labhart, 1999; Labhart & Meyer, 2002)

The senses of touch, taste and smell, as well as the ability to monitor temperature and moisture levels, are all mediated by sensilla. These are variously shaped outgrowths of the cuticle that enclose a variable number of nerve-cells whose dendrites are adapted to respond to specific stimuli and which transmit sensory information via their axons to the ganglions of the central nervous system. Sensilla that respond to chemical stimuli, as well as those used to detect moisture levels, have pores in their cuticles. The olfactory sensilla (responsible for the sense of smell) have numerous pores that allow in airborne molecules, while those responsible for the sense of taste (contact chemoreceptors) have a pore at the tip. Chemically sensitive sensilla are especially densely concentrated on the antennae, and, as the antennae are used especially for distance reception of scents, the olfactory sensilla predominate. However, there are also numerous touch- and taste-sensitive sensilla on the antennae.
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FIG 38. (a) Surface of part of a compound eye, showing hexagonal facets; (b) section through a compound eye showing four ommatidia (simplified).
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FIG 39. Cuticular sensilla (diagrammatic): (a) olfactory sensillum; (b) contact chemosensory (‘taste’) sensillum; (c) mechanoreceptor; (d) coeloconic thermo/hygro receptor. (Key: a: axon; c: cuticle; d: dendrite; n: nerve cell; s: sheath.) (Adapted from Chapman & Joern 1990.)


The concentrations of sensilla on the palps and mouthparts are mainly concerned with providing sensory information relevant to choosing and processing food items. The tips of the palps are equipped with large numbers of sensilla that are sensitive to taste, the physical properties and surface odours of potential foods. These sensilla continue to be involved in transmitting information as the palps repeatedly tap a food item (palpation) while the insect bites and chews (Blaney & Duckett, 1975; Chapman & Sword, 1993). The mouthparts themselves are also provided with dense patches of contact chemoreceptors and these continue the process of evaluating food as it is being consumed. The fore and mid legs are also endowed with sensilla that are sensitive to the surface chemistry of food substances, as well as with helping to hold and guide the food to the relevant mouthparts (see the DVD).

Most research on the chemical senses of orthopterans has focused on selection of food and feeding behaviour. Comparative research has shown that there are variations in the numbers and role of sensilla that are related to the dietary patterns of the species concerned (e.g. Chapman & Thomas, 1978). In general, grass-feeders have relatively fewer sensilla than species that feed on broad-leaved plants, and those with highly specialised diets also have fewer than food-generalists, in ways that relate to the respective differences in the requirements to identify plants that are either good to eat or not good to eat. Even species thought to be food-generalists (‘polyphagous’) reject some plants, and demonstrate preferences between the range of plant species that they will eat. An experimental study on feeding and survival among last instar nymphs of Schistocerca americana showed that rejection of plant materials on the basis of detection of deterrent chemicals played an important part in food selection, along with learnt aversions resulting from ingestion of toxins (Chapman & Sword, 1994).

Much of the above information has come from the study of acridids, especially locusts, but broadly similar sensory patterns are present in the various groups of ensiferans (Gwynne, 2001; Bland & Rentz, 1991). The role of chemical communication in other aspects of the lives of grasshoppers and crickets has been less thoroughly researched. In locusts, pheromones are known to play a part in aggregation, maturation, oviposition and phase-transition (Fuzeau-Braesch et al., 1988; Norris, 1970; Okelo, 1979; Schmidt & Osman, 1988; Whitman, 1990), while a role for pheromones in mate-recognition in grasshoppers is suggested by the presence of greater numbers of chemoreceptors in the antennae of males (Blaney & Simmonds, 1990). More recent research has established a crucial role for chemical communication in the reproductive behaviour of crickets (see Chapter 6 for more detail).

The relatively impermeable cuticle of orthopterans presents problems for maintaining physiologically optimal body temperatures and fluid content. Regulation of body temperature is critical both for development (see Chapter 3) and for maintenance of normal functioning in adults. Orthopterans appear to have little ability to generate heat internally, but are seriously affected by overheating and by cooling. To some extent the insect’s body temperature is regulated by convection currents and by heat transfers from surrounding air or solid substrates. Evaporation through the cuticle and spiracles also may have a small effect. Colour, too, may affect the ability of insects to absorb or reflect heat energy (Joern, 1982). At least one species has the ability to change colour in response to changes in ambient temperature (Key & Day, 1954). Perhaps the most important means of maintaining body temperature within the necessary range is by various behavioural strategies – the body can be pressed down onto the substrate or raised up on stretched legs as appropriate; the body can be oriented to incident solar radiation (‘flanking’: Chappell & Whitman, 1990) so as to maximise heat gain, or the insect can avoid overheating by retreating to the shelter of dense vegetation. The ability of different species of grasshopper to raise their body temperature above the ambient by these means varies considerably and is a significant determinant of their habitat requirements and geographical distribution (Willott, 1997). Water regulation is achieved mainly by food selection and by varying the water content of faeces, although direct drinking of water has also been noted.

LOCOMOTION: JUMPING AND FLYING

Jumping

The ability to jump long distances relative to their body-size is very widespread in the Orthoptera, and especially well-developed in the grasshoppers and groundhoppers, although most crickets and bush-crickets are also able to jump if provoked, and the long-established British alien, the greenhouse camel-cricket (Diestrammena asynamorus) has a prodigious leap. However, jumping is highly expensive energetically, and tends to be used only as a response to disturbance. Even then, it is frequently augmented by flight once the jump has commenced.

The mechanics of jumping in grasshoppers have constituted a challenge to researchers, and our understanding of the anatomical and physiological processes involved owes much to the extensive studies of the locust (Schistocerca gregaria) by H. C. Bennet-Clark (e.g. Bennet-Clark, 1975, 1976, 1990). The initial take-off is powered by opening of the angle between femur and tibia of each hind leg. The muscles involved are packed into the swollen femur, and are attached at their distal end (the ‘knee’) to the tip of the tibia. The largest of the muscles in the femur is called the ‘extensor tibiae’, and its contraction pulls on the ligament by which it is attached to a flexible area of cuticle at the tip of the tibia, so straightening the leg and exerting force on the substrate, via the tarsi.

However, this is by no means the whole story, as the power required to propel the insect into the air for a distance up to 0.8 metres is far more than can be mobilised by the simple contraction of the extensor muscle. To understand the source of this extra power, other features of the femur’s structure have to be introduced. Running alongside the extensor muscle, ventrally to it, is another muscle, the ‘flexor tibiae’. This is attached ventrally to the joint between tibia and femur, and has a pocket close to the point of attachment that fits over an inward projection of the cuticle of the femur (‘Heitler’s lump’). When the flexor muscle is contracted, the angle between femur and tibia is locked closed by the connection between the lump and pocket, but when it is relaxed, the femur and tibia can swing apart. Two other types of structure are also present in the femur. Towards the tip of the femur are two ‘semilunar’ processes, attached at one end to the wall of the femur and at the other to a ligament of the extensor muscle. The extensor muscle, as well as being attached along the inner and dorsal walls of the femur, also has attachments along a blade-like structure, the ‘apodeme’, which, at the distal end, forms the ligament that attaches the muscle to the tip of the tibia.

Now, if the extensor muscle is flexed while the flexor muscle is also flexed, locking the tibia in place, the semilunar processes, the flexible cuticle of the tibial attachment, and the apodeme of the extensor muscle, are subject to powerful stresses. If the flexor muscle is then relaxed, the energy stored in the apodeme and sublunary processes is released, as in the action of a steel spring, or catapult. This ‘storage-release’ mechanism augments the power of the extensor muscle tenfold. According to Bennet-Clark, the tensile stress of the apodeme material is similar to that of silk, and its energy storage about five times that of steel (Bennet-Clark, 1990: 182)! Anatomical studies by Bennet-Clark (1975) of other grasshoppers as well as the common groundhopper (Tetrix undulata) indicate that this mechanism is common to at least the Caelifera.

Studies of the nervous pathways between the metathoracic ganglion and the muscles of the femora, and the patterns of their excitation during jumping, have given support to the above account of the mechanisms involved in jumping in locusts (Hoyle & Burrows, 1973; Heitler & Burrows, 1977a, 1977b).

[image: image]
FIG 40. Longitudinal section of femoro-tibial joint of the locust Schistocerca gregaria showing structures involved in jumping (based on Bennet-Clark 1975, fig. 1:53, with permission).


Flying

In fully winged grasshoppers and crickets jumping is frequently supplemented by flight. It seems that ancestral orthopterans were flightless, but the ability to fly has evolved as a feature of many species of both Caelifera and Ensifera. However, in numerous species the wings of one or both sexes have become reduced, with associated loss of the ability to fly. In some of these (‘brachypterous’) species varying proportions of some populations develop as fully winged (‘macropterous’) forms that are capable of flight. These macropterous forms are responsible for colonisation of new habitat patches, and are probably important for range-extension in response to favourable climatic or general environmental changes (see Chapters 3 and 9).

As flight is dependent on high thoracic temperatures, and is very demanding in terms of energy expenditure, it tends to be used rather sparingly in cooler, temperate climates. In some species of grasshopper, there are short flight-displays that play a part in their reproductive behaviour, and in other species flight is commonly a ‘last-resort’ means of escape from predators when temperatures are sufficiently high. British species such as the common field grasshopper, stripe-winged grasshopper, large marsh grasshopper and common green grasshopper fly readily when alarmed, but their flights are relatively short (10 to 15 metres) and show only slight manoeuvrability.

As an escape tactic this relies on the ability of the insect to adjust its landing position. The landing process itself appears to be achieved by a coordinated set of reflexes (and is not dependent on visual inputs), and may be adapted to lessen the physical impact of the landing on a hard surface. However, it also could be that in facing the original source of disturbance the insect may benefit from being able to visually monitor the predator (Kral, 2010).

It also seems likely that there is considerable spontaneous flight activity between local habitat patches, but much greater publicity and research attention has been paid to larger-scale migratory and swarming phenomena that are more characteristic of species of the tropics and subtropics. Although large-scale migratory activity is usually associated with locusts, it is also a feature of the behaviour of numerous other acridid species, and some ensiferans such as the mormon cricket, Anabrus simplex (see Gwynne, 2001). The ability to migrate by flying considerable distances is an adaptation to a variety of environmental exigencies – most notably to ephemeral habitats and to regular climatic and seasonal changes that render particular habitat patches unfavourable for survival or development at certain times of year. In semi-arid grassland systems of tropical and subtropical Africa, Australia, the Middle East and India, large-scale grasshopper and locust migrations are common in relation to seasonal changes. The insects generally take to the wing at dusk and continue their flights for several hours into the night and, with ground-speeds of from 20 to 50 km per hour, can cover from 60 to 250 km in a night.

Brief flights initiated by the threat of predation, or performed as part of a visual display, require availability of immediately accessible energy sources to feed the intense activity of the flight muscles.
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