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PREFACE

Although usually treated as unified subject, in many respects the two
components of what is broadly described as ‘medical and veterinary
entomology’ are clearly distinct. As is usual, the term entomology is
used loosely here to refer to both insects and arachnids. In medical
entomology blood-feeding Diptera are of paramount importance,
primarily as vectors of pathogenic disease. Most existing textbooks
reflect this bias. However, in veterinary entomology ectoparasites
such as the mites, fleas or dipteran agents of myiasis assume far
greater prominence and the most important effects of their parasitic
activity may be mechanical damage, pruritus, blood loss, myiasis,
hypersensitivity and dermatitis, in addition to vector-borne pathogenic
disease. Ectoparasite infestation of domestic and companion
animals, therefore, has clinical consequences necessitating a distinct
approach to diagnosis and control.

The aim of this book is to introduce the behaviour, ecology,
pathology and control of arthropod ectoparasites of domestic animals
to students and practitioners of veterinary medicine, animal
husbandry and applied biology. Since the book is directed primarily at
the non-entomologist, some simplification of a number of the more
involved entomological issues has been deemed necessary to
improve the book’s logical structure and comprehensibility, and keep
its length within limits. A reading list is presented at the end of each
chapter to act as a stepping-stone into the specialist literature. In
particular, the recognition guides in each chapter need to be used
with a degree of caution since they are not comprehensive and,
where more detailed identification is required, specialist keys should
be consulted. Similarly, in the discussion of the control of
ectoparasites, the principles of control and ectoparasiticide use have
been emphasized; any attempt to provide a detailed recipe for control
might be inappropriate in different parts of the world and would go
out of date rapidly. It should be stressed that all insecticides should
be used in strict accordance with the manufacturers local
instructions.

This book focuses primarily on the arthropod ectoparasites of
the temperate northern hemisphere. To some extent this distinction
has been blurred slightly, since so many ectoparasite species have
been transported worldwide with humans and domestic animals. But,
for the most part, important ectoparasites from tropical and sub-
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tropical habitats have been described only briefly and would require
their own volume to do them justice.
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2 Ectoparasite diversity and abundance

1.1 INTRODUCTION

The arthropods are a bewilderingly diverse assemblage of
invertebrates, containing over 80% of all known animal species and
occupying almost every known habitat. They include such familiar
animals as flies, crabs, centipedes and spiders as well as a plethora
of small and little-known groups.

There are more species of arthropod than all other animals on
earth combined; over a million species have been described and
millions more may be awaiting description or discovery. Dazzlingly
beautiful, behaviourally complex and ecologically essential, they play
fundamental roles in almost all biological communities and
ecosystems.

Among the great variety of species of arthropod and life styles
that they display, a relatively small number have developed the ability
to live directly at the expense of other animals, known as hosts. This
relationship is to the detriment of the host but does not usually kill the
host immediately. This is described as parasitism. The degree of
harm caused by the parasite may vary considerably, and may only be
evident at certain times, such as when the host is in poor condition or
the parasite density is high. It is important to stress that the parasite
lives at the expense of the host and to distinguish parasitic from
commensal relationships, in which the host neither benefits nor is
harmed. Harm may be defined in practical, proximate terms, as a
reduction in factors such as condition, mobility or growth of the host,
or in ultimate, evolutionary terms as a reduction in the ability of the
host to pass on its genes to the next generation.

Arthropods parasitize a wide range of hosts, including other
arthropods. This book is concerned specifically with the economically
important arthropods which spend all or some portion of their lives
parasitising livestock, poultry or companion animals. These parasites,
with a few exceptions, live on or burrow into the surface of their
host’s epidermis and are generally described as ectoparasites.

1.2 ECTOPARASITE-HOST RELATIONSHIPS

Within the broad definition of parasitism given above, the association
between arthropod ectoparasite and vertebrate host may take on a
variety of forms. In some cases the parasite may be totally dependent
on the host, in which case the parasitism is described as obligatory.
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Alternatively, the parasite may feed or live only occasionally on the
host, without being dependent on it, in which case the parasitism is
described as facuiltative.

The host provides a number of important resources for the
ectoparasite. Most vitally, the host supplies a source of food, which
may be blood, lymph, tears or sweat or the debris of skin, hair or
feathers. The host’s body also provides the environment in which
many ectoparasites live, generating warmth, moisture and, within the
skin or hair, a degree of protection from the external environment.
The host, may also provide transportation from place to place for the
parasite, a site at which to mate and, in many cases, the means of
transmission from host to host.

Despite the benefits of a close association with the host, there is
considerable variation in the amount of time spent on the host by
various species of ectoparasite. Some ectoparasites, such as many
of the species of lice for example, live in continuous association with
their host throughout their life cycle and are therefore highly
dependent on the host. The majority of ectoparasites, however, have
only intermittent contact with their host, and are free-living for the
major portion of their life cycles. In some cases, ectoparasites, such
as many of the species of mite, are highly host specific; only one
host species is exploited and, in some instances, the parasite can
exist only on one defined area of the host’s body. Other species are
able to exploit a wider range of hosts.

Whether a pest is an obligatory or facultative ectoparasite, lives
in continuous or intermittent association with its host, or is host
specific or a generalist, is of interest from a biological perspective and
has major implications for both the control of ectoparasites and the
treatment of ectoparasite-associated disease.

1.3 ECTOPARASITE DAMAGE

As a result of their activity, arthropod ectoparasites may have a
variety of direct and indirect effects on their hosts. Direct harm
caused may be due to:

¢ Blood loss: although each individual ectoparasite only removes a
small volume of blood from a host, in large numbers the blood
removed by feeding may be directly debilitating and anaemia is
common in heavily infested hosts. In one study in the USA over
90 kg of blood was estimated to have been removed by ticks from
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a cow over a single season. Similarly, the feeding of horse flies
has been estimated to be responsible for the loss of up to 0.5 litres
of blood per day from cattle. Two hundred fleas feeding on a kitten
may be capable of removing up to 10% of the animal’s blood over
a period of several days.

e Myiasis: the infestation of the living tissues with fly larvae causes
direct damage to carcasses or skin.

e Skin inflammation and pruritus: various skin infestations caused
by arthropod activity cause pruritus (itching), often accompanied
by hair and wool loss (alopecia) and occasionally by skin
thickening (lichenification). The presence of ectoparasites on or
burrowing into the skin can stimulate keratinocytes to release
cytokines (e.g. IL-1) which leads to epidermal hyperplasia and
cutaneous inflammation. The antigens produced by ectoparasites
(e.g. salivary and faecal) can in some individuals stimulate an
immune response leading to hypersensitivity. Sarcoptes scabiei
infestation in the dog, for example, leads to an IgE-mediated type |
hypersensitivity which is manifested in severe cutaneous
inflammation and pruritus.

e Toxic and allergic responses: caused by antigens and
anticoagulants in the saliva of blood-feeding arthropods.

The behaviour of ectoparasites also may cause harm indirectly, again
particularly when they are present at high density, causing:

e Disturbance: the irritation caused, particularly by flies as they
attempt to feed or oviposit, commonly results in a variety of
behaviours such as head shaking, stamping, skin twitching, tail
switching or scratching. Cattle under persistent attack from flies
may congregate in a group with their heads facing the centre.
Sheep under attack from nasal bot flies may be seen pressing
their nostrils to the ground before running short distances and
repeating the action. These activities may result in reduced growth
and loss of condition because the time spent in avoidance
behaviour is lost from grazing or resting. Of interest is the
observation that different individual hosts may vary considerably in
their behavioural response to blood-feeding flies and that some,
possibly the more passive individuals, tend to be most heavily
attacked.
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e Self-wounding: the activity of particular ectoparasites, such as
warble flies, may cause dramatic avoidance responses in the
intended host, known as gadding. The madly panicking animal
may cause serious self-injury following collision with fences and
other objects.

e Social nuisance: large populations of flies may breed in animal
dung, particularly in and around intensive husbandry units. The
activity of flies may result in considerable social and legal
problems, especially where suburban developments have
encroached on previously rural areas. Adult flies and their faeces
may also decrease the aesthetic appearance and value of farm
facilities and produce, such as hens’ eggs, and cause irritation and
annoyance to employees.

In addition to direct effects, one of the most important roles of
ectoparasites is in their action as vectors of pathogens. These
pathogens include protozoa, bacteria, viruses, cestodes (tapeworms)
and nematodes (round worms). Pathogens such as bacteria and
viruses may be transmitted directly to new hosts, the ectoparasite
acting as a mechanical vector. These pathogens may be picked up
on the body, feet or mouthparts when the ectoparasites feeds.
Mechanical transmission usually has to occur within a few hours of
the original contact with the infected host, because the survival of
most pathogens is relatively limited when exposed outside their host.

Alternatively, for many protozoa, tapeworms and nematodes, the
pathogens need to go through specific stages of their life cycle in the
body of the arthropod ectoparasite. In these cases the arthropod
serves as an intermediate host and is known as a biological vector.
Again the vector acquires the pathogen from an infected animal when
it feeds. After development of the pathogen in the vector, the vector
becomes infective and can transmit the pathogen when it next feeds.
In contrast to mechanical transmission, biological transmission
requires a period of time between acquisition of the pathogen and the
maturation of infection. The vector may then remain infective for the
remainder of its life. The effects of pathogens on the vector are
largely unknown and this may be a fruitful area for future research:
those studies which have been possible suggest that there may be
measurable costs to the vector for carrying a heavy infection.

A pathogen may reside and multiply in alternative vertebrate
hosts which are immune or only mildly infected by it. For example, the
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bacterium Yersinia pestis, which causes bubonic plague known as
Black Death, is endemic in wild rodent populations. However, in
domestic rats and humans, to which it is transmitted by fleas, it is
highly pathogenic. Such alternate hosts are known as reservoirs of
disease.

The direct damage caused by most ectoparasites is directly
proportional to their abundance. This is not the case, however, for
disease vectors, where even very low numbers of infected vectors
may cause considerable economic and welfare problems.

Although relatively few in number, through their direct and
indirect effects on their hosts, the various species of arthropod
ectoparasite have had, and continue to exert, a major impact on the
history of humans and their domesticated animals.

Swords and lances, arrows, machine guns and even
high explosives have had far less power over the fates
of nations than the typhus louse, the plague flea and
the yellow fever mosquito. Civilisations have retreated
from the plasmodium of malaria and armies have
crumbled into rabbles under the onslaught of cholera
spirilla or of dysentery and typhoid baccili. Huge areas
have been devastated by the trypanosome that travels
on the wings of the tsetse fly ... war ... conquest ...
civilisation have merely set the stage for these more
powerful agents of human tragedy. (Zinser, 1934)

1.4 THE EVOLUTION OF ECTOPARASITE-HOST
RELATIONSHIPS

Insects and related arthropods probably arose at least 500 million
years ago, 300 million years before warm-blooded vertebrates.
Unfortunately, the poor geological record for insects gives us little
direct evidence of how parasitism evolved. Nevertheless, it would
appear likely that, over time, as the terrestrial vertebrates appeared
on earth several species of arthropod were able to exploit the new
resource and opportunities created.

Parasitism probably evolved at least twice, and possibly several
times, independently in different arthropod groups, depending on the
relationship between the ectoparasite and its host. One route may
have involved arthropods which were pre-adapted to living with
vertebrates. These arthropods initially may have fed on general
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vertebrates. These arthropods initially may have fed on general
organic matter, and then moved to scavenging detritus, such as skin
or hair, present in a vertebrate lair or nest. From here, coupled with
the generalized feeding habits, it is only a short evolutionary step for
the ectoparasite to move on to the host to feed on skin and hair and,
in some cases, to facultative and obligate blood-feeding.

The second route to ectoparasitism may have involved
arthropods which had existing adaptations which allowed them to
feed on vertebrates. These arthropods may have had mouthparts
already adapted for biting, rasping or sucking. They were perhaps
liquid feeders, which occasionally opportunistically fed on blood in
wounds, or they may have been active predators, in the adult or pre-
adult stages, perhaps of other arthropods. Again, from taking the
occasional meal from a vertebrate some subsequently may have
switched to depending on blood as a food source.

These two evolutionary pathways involve similar adaptations, but
they have led to very different relationships with the host. The
generally accepted viewpoint throughout most of the twentieth
century has been that commensalism or very mild parasitism is the
inevitable eventual evolutionary end product of host—parasite co-
evolution. It was thought that parasites would be selected to minimize
the damage that they did to the host and that virulent (damaging)
parasites were more recently evolved and were poorly adapted. This
was because more virulent parasites might quickly weaken and
damage the host and, if the host were to die, either as a direct result
of the parasitism or perhaps because the weakened host were to
succumb to disease or predation, the ectoparasite would lose the
benefits of a predictable food supply, protection from the external
environment and its means of dispersal. However, more recent work
has shown that there may be good evolutionary reasons to expect
quite variable levels in the damage caused by parasites, which is the
outcome of the behaviour and ecology of both the parasite and host,
and the way in which these two animals interact.

Ectoparasites, such as many of the lice or mites, which live in
relatively permanent association with their hosts, are usually small,
with relatively low mobility. The risks and uncertainties associated
with living without their host and having to find another meal are
sufficiently high that for these animals excessive virulence, leading to
the death or debilitation of the host, might result in their own death
and failure to reproduce. Hence, these ectoparasites have become
obligate, host-specific specialists, in normal circumstances, doing
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minimal damage and, in some cases, existing almost as commensals,
e.g. species of Demodex mites. In many cases these arthropods may
well have followed the first evolutionary route to ectoparasitism; even
before becoming ectoparasites they were pre-adapted to living in
close association with vertebrates and their survival and dispersal
depended on the continued existence and health of the vertebrate
with which they were associated.

In contrast, any ectoparasite that (1) was relatively mobile, so
that it could find a new host quickly and efficiently, (2) was relatively
resistant to the adverse effects of climate, so that it could survive
without its host and (3) had a broad range of relatively abundant
hosts on which it could feed, might be expected to evolve higher
levels of virulence to maximize the amount that could be ‘extracted’
from a host as quickly as possible. For these ectoparasites, the death
of the host would be of little importance since they could survive well
independently and find a new host quickly when needed. Arthropods
with these characteristics, which inflict relatively high levels of
damage, such as many of the blood-feeding flies and ticks, may have
followed the second evolutionary route to parasitism, starting off as
free-living scavengers or predators which subsequently became
opportunistic feeders on vertebrates.

Of course, varying degrees of virulence between the extremes
described will have evolved, depending on the precise interactions
between the ectoparasite and host. The associations seen today
between ectoparasites and hosts are also the outcome of the
response of the host to the ectoparasite. From the perspective of the
host, the attention of any parasites is, by definition, unwelcome. As
arthropods evolved new ways of exploiting their hosts more
effectively, the hosts also evolved strategies to combat the activities
of the ectoparasites. These range from immune responses to
behaviours such as grooming, periodic changing of nest sites or
bedding, or even seasonal mass migrations to avoid areas of high
parasite density. Hosts that were better able to tolerate their
ectoparasites, minimize the damage caused or developed ways of
ridding themselves of ectoparasites, survived longer and produced
more offspring than other hosts. However, over time ectoparasites
have also been selected to try to get round or exploit these host
responses. Hence, over the millions of years, a constant evolutionary
battle has been waged, in which arthropods have been evolving to
exploit vertebrate hosts and in which hosts have been co-evolving to
mitigate the effects of parasites on their fitness.
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However, in relatively recent history, the associations between
ectoparasites and their hosts have been subjected to a number of
dramatic changes which have resulted in a substantial shift in the
nature of their relationships.

1.5 AMODERN AND GROWING PROBLEM

During the late mesolithic and early neolithic periods, 10,000—-20,000
years ago, livestock and companion animals were first domesticated
and farmed by humans (Fig. 1.1). This development has continued to
the present day and has been combined with rapidly growing human
populations, expansion and settlement in new areas, increased rates
of human movement worldwide and increasing urbanization.

® A massive increase in human populations has necessitated a
growing intensification of animal husbandry, not only to meet the
immediate demands for food and animal products such as wool
and leather, but also to provide draught animals and fulfil the
multitude of roles that animals play in human society. More and
more animals have been reared at ever greater stocking densities.
This presents ectoparasites with a super-abundance of hosts. The
higher host density increases the potential for ectoparasite
transmission and allows ectoparasites, adapted to experience
huge mortalities associated with finding a new host, to build up
massive population densities in very short periods of time.

® The artificial selection of livestock, poultry and companion animals
for domestication and high productivity has been associated in
many cases with a reduction in resistance to ectoparasite damage
and the exaggeration of features which confer greater
susceptibility to ectoparasite infestation. For example, the outer
coat of primitive sheep is stiff and hairy and covers a woolly
undercoat which only grows in winter. The outer hairs are known
as kemps. In highly domesticated sheep these kemps are absent
and the fleece consists entirely of the woolly undercoat which
grows all year round. Selection for a longer, thick fleece has
increased the susceptibility of sheep to various types of disease
and ectoparasite, particularly blowfly myiasis.
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Fig. 1.1 Detail from Tomb 3, Beni Hasan, Egypt (from Newberry, 1893).

e With the increasing global movement of human populations,
domestic animals have been transported into new areas of the
world where they are attacked by endemic ectoparasites to which
they have little or no resistance. This has been the case
particularly with the introduction of domestic cattle, Bos taurus,
into areas where they are attacked by a wide variety of
ectoparasites and ectoparasite-borne diseases, which previously
existed only on indigenous Bovidae or other Artiodactyla. The
movement of humans and domestic animals has also allowed the
introduction of ectoparasites into areas in which they were
previously absent, such as sucking lice (Anoplura) introduced into
Australia with sheep. By the year 2000 the majority of the world
population will live in urban areas. This growing urbanization of
humans and their associated companion animals provides
arthropods and arthropod-borne diseases with a large,
concentrated pool of potential hosts and enables ectoparasites to
transfer between individual hosts more readily. In addition, in
houses, which they frequently share with their companion animals,
humans have created conditions in which many species of
arthropod pest survive and flourish, often in areas of the world
where they would otherwise perish. This is especially the case for
fleas and mites, where modern houses can provide them with
carefully controlled temperature, humidity and lighting, a protective
microhabitat and a regular supply of hosts.
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1.6 ARTHROPOD STRUCTURE AND FUNCTION

To someone unfamiliar with invertebrate morphology and physiology,
arthropods can seem like creatures from outer space. They have
many anatomical features which are often analogous to those of
vertebrates but which are totally dissimilar in structure and function.
In the following sections, a brief overview of a range of key arthropod
features is presented, with specific reference to the ectoparasites of
veterinary interest. This is by no means a comprehensive
examination of the subject. A huge range of variation exists in the
morphology and physiology of this diverse phylum and for a more
detailed treatment the reader is referred to more specialist texts at
the end of the chapter.

1.6.1 Arthropod segmentation

Arthropods are metameric, that is they are divided into segments.
However, within a number of arthropod classes, particularly the
arachnids and the crustaceans, there has been a tendency for
segmentation to become reduced and, in the mites for example, it
has almost disappeared. Reduction in segmentation, has occurred
through loss, fusion or the tendency for segments to become
dramatically changed in structure to fulfil specific functions, often
associated with feeding, oviposition or mating. However, even in
those arthropods that have almost lost their segmentation it can still
be seen in the embryo.

A characteristic feature of many arthropod groups is the
division of the body into clusters of segments, such as the head,
thorax and abdomen (Fig. 1.2). This is known as tagmatization.
Each tagma contains a specific set of segments and is specialized
for functions different from those of the other tagmata.

1.6.2 The arthropod exoskeleton

The exoskeleton is the outer covering which provides support and
protection to the living tissues of arthropods. In many respects it is

one of the keys to the success of the phylum, but it also imposes
many limitations.
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Fig. 1.2 A winged damselfly (A) and primitively flightless silverfish (B),
showing division of the body into head, thoracic and abdominal segments
(reproduced from Gullan and Cranston, 1994).

The exoskeleton is non-cellular. Instead’it is composed of a
number of layers of cuticle which are secreted by a single outer cell
layer of the body known as the epidermis (Fig. 1.3). The outer layer
of cuticle, the epicuticle is composed largely of proteins and, in many
arthropods, is covered by a waxy layer. The next two layers are the
outer exocuticle and the inner endocuticle. Both are composed of a
protein and a polysaccharide called chitin, which has long, fibrous
molecules containing nitrogen. These are bound together into a
stable, complex glycoprotein. In addition, the exocuticle may be
tanned, or sclerotized, with quinones giving it extra strength from
additional cross-linkages formed with the cuticular proteins.

The cuticle is often penetrated by fine pore canals which allow
the passage of secretions from the epidermis to the surface. The
cuticle has many outgrowths in the form of scales, spines, hairs and
bristles. These outgrowths fall into two categories: those which are
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Fig. 1.3 Diagrammatic section through the arthropod integument (after
Davies, 1988).

simply fine foldings of the outer layer of the cuticle (microfrichiae)
and those which are articulated, such as setae (macrotrichiae).
Microtrichiae can be very fine and give the arthropod distinctive
patterns of shading. The articulated setae are attached to the cuticle
by a thin membrane in a pit knows as the alveolus (Fig. 1.3). Setae
are hollow outgrowths of the epicuticle and exocuticle, secreted by a
trichogen cell. The socket is secreted by a tormogen cell.
Movement is made possible by the division of the cuticle into
separate plates, called sclerites. Primitively these plates are
confined to segments and the cuticle of each segment is divided into
four primary plates: a dorsal tergum, two lateral pleura and a
ventral sternum (Fig. 1.4). However, this pattern has frequently
disappeared because of either fusion or subdivision of the segments.



14 Ectoparasite diversity and abundance

Fig. 1.4 Cross-section through the exoskeleton of a generalized arthropod,
showing the tergum, pleuron and stemum of a single segment (after Bames,
1974).

Plates are connected by flexible articular membranes, where the
cuticle is not sclerotized and is flexible. These joints allow the body to
move. In most arthropods the articular membrane is folded beneath
the segment in front (Fig. 1.5). The muscles attach on the inside of
the exoskeleton, the opposite of the vertebrate body plan. Muscles
are often attached to rod-like invaginations of the cuticle called
apodemes (Fig. 1.5). The soft, flexible cuticle present at the joints of
the adult arthropod exoskeleton also occurs in the integument of
larval arthropods.

The colours of most arthropods are produced by the
deposition of brown, yellow, orange and red melanin pigments within
the cuticle. However, iridescent greens and purples result from
structural features of the cuticle itself, such as microtrichia, which
selectively scatter or reflect light of specific wavelengths.
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Fig. 1.5 (A) Articulation of a generalized arthropod leg joint. (B) An
apodeme. (C) Intersegmental articulation, showing articular membrane
folded beneath the segmental exoskeleton. (After Bames, 1974, from
Vandel, 1949.)

1.6.3 Jointed legs

The name arthropod is derived from the ancient greek arthron,
meaning joint, and pous, meaning foot. Primitively each arthropod
segment bears a pair of leg-like appendages. However, the number
of appendages has frequently been modified through loss or
structural differentiation. The cuticular skeleton of the legs is divided
into tube-like segments connected to one another by articular
membranes, creating joints at each junction (Fig. 1.5). The legs are
usually six-segmented.
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1.6.4 Spiracles and gas exchange

The process of getting oxygen to the tissues has been solved in
many different ways by the various groups of arthropods. For some
of the smallest arthropods we will meet, the exoskeleton is thin and
lacks a waxy epicuticle. For these animals oxygen and carbon dioxide
simply diffuse across the cuticle. However, this method of gas
exchange is only functional over very short distances. In most of the
terrestrial groups of arthropod ectoparasite to be considered in this
book, the protective cuticle is punctured at a number of places by
openings. In the insects these openings are called spiracles;
however, in the mites and ticks they are called stigmata. The
spiracles and stigmata allow air to enter the body (Fig. 1.6). The
openings lead to cuticle-lined air-conducting tubes called tracheae,
formed by invagination of the epidermis during development. The
tracheae form longitudinal and transverse tracheal trunks that
interconnect among the segments. The tracheae branch repeatedly
as they extend to all parts of the body. The branches end within the
cells of muscles and other tissues in extremely fine tracheoles which
are the principal sites of gas exchange. The ends of the tracheoles
usually contain fluid. Other types of arthropod, not considered here,
such as the scorpions and spiders, have book lungs, while

Fig. 1.6 A spiracle, trachea and tracheoles (reproduced from Bames,
1974).
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Fig. 1.7 Generalized arthropod circulatory system. (A) Longitudinal section
through the body. (B) Transverse section through the abdomen.
(Reproduced from Gullan and Cranston, 1994, after Wigglesworth, 1972.)

the aquatic crustaceans have gills.

1.6.5 The arthropod circulatory system

The arthropod circulatory system is relatively simple, consisting of a
series of central cavities or sinuses, called a haemocoel, separated
by muscular septa (Fig. 1.7). The haemocoel contains blood, called
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haemolymph. In contrast to vertebrates, the haemolymph is not
involved in gas exchange.

Arthropods have a functional equivalent of the heart, the
dorsal vessel (Fig. 1.7). This vessel varies in position and length in
different arthropod groups, but in all of them the dorsal vessel
consists essentially of a wide tube with one or more chambers,
running along the length of the body and perforated by pairs of lateral
openings called ostia. The ostia only permit a one-way flow of
haemolymph into the dorsal vessel. The dorsal vessel lies in a
compartment of the haemocoel called the pericardial sinus. The
dorsal vessel pumps haemolymph forward towards the head and
eventually into sinuses of the haemocoel where it bathes the tissues
directly. Haemolymph then percolates back through the haemocoel to
the pericardial sinus, until it is again picked up by the dorsal vessel.

In some mites, however, the circulatory system may be much
reduced and consist only of a series of sinuses, through which
haemolymph is circulated by contractions of the body muscles.

1.6.6 The arthropod nervous system

Arthropods have a complex nervous system associated with the well-
developed sense organs, such as eyes and antennae, and behaviour
that is often highly elaborate.

The central nervous system consists of a dorsal brain in the
head which is connected by a pair of nerves around the foregut to a
series of ventral nerve cord ganglia (Fig. 1.7). In the embryo each
segment gives rise to a pair of ganglia which then fuse to form a
single ganglion and this pattern can still be seen in primitive
arthropods. The ganglia are connected between segments by pairs of
connective nerves. In more advanced arthropods ganglia may be
fused. In blowflies, for example, there is only a single thoracic
ganglion and no abdominal ganglia, and in the mites and ticks only a
single cephalothoracic ganglion.

1.6.7 Digestion and absorption
The gut of an arthropod is essentially a tube that runs from mouth to

anus (Fig 1.8). Nutrients are absorbed across the gut wall directly into
the haemolymph. The precise shape of the gut varies between
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arthropods, various outpockets or large digestive glands being
present, depending on the precise nature of their diet.

In general, the gut is divided into three sections: the foregut,
midgut and hindgut (Fig. 1.8). The foregut and hindgut consist of
invaginations of the exoskeleton at the mouth and anus, respectively;
therefore they are lined with cuticle. The foregut is concerned
primarily with the ingestion and storage of food. The latter usually
taking place in the crop. Between the foregut and the midgut is a
valve called the proventriculus. In some arthropods, the
proventriculus is armed with teeth and functions in the crushing and
grinding of food. The midgut is the principal site of digestion and
absorption. It has a cellular lining which secretes digestive enzymes.
Absorption takes place largely in the anterior of the midgut, in large
outpockets called gastric caeca. The hindgut terminates in an
expanded region, the rectum, which functions in the absorption of
water and the formation of faeces. Nitrogenous wastes are eliminated
from the haemocoel by long, thin projections called the Malpighian
tubules, which open into the gut at the junction of the mid- and the
hindgut. Mites have only one pair of Malpighian tubules whereas
there may be large numbers present in insects.

Fig. 1.8 Generalized digestive tract of an arthropod, showing the fore-, mid-
and hindgut (reproduced from Bames, 1974).
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1.6.8 Arthropod sense organs

The sensory receptors of arthropods are usually associated with
modifications of the chitinous exoskeleton. One common type of
receptor is connected with hairs, bristles and setae. The bristle may
be designed so that it acts as a mechanoreceptor, movement
triggering the receptor at its base. Alternatively, the bristle may carry
a chemoreceptor at its tip. Other common modifications for receptors
are slits or pits in the exoskeleton. These may house chemoreceptors
or the opening may be covered by a membrane with a nerve ending
attached to its underside, to detect vibrations. Such receptors may be
scattered over the body or concentrated on appendages such as the
legs or antennae.

Most arthropods have eyes, but these can vary greatly in
complexity. Some contain only a few photoreceptors. For example, in
the stemmata of larval holometabolous insects and the ocelli of
larval and adult hemimetabolous insects, a corneal lens overlies from
1 to 1000 sensory cells (Fig. 1.9). These simple eyes do not form
images but are very sensitive at low light intensities and to changes
in light intensity. Other types of arthropod eye, known as compound
eyes, are large and complex with thousands of retinal cells (Fig. 1.9).

The compound eyes of insects and many crustaceans are
composed of many long, cylindrical units. Each unit, called an
ommatidium is covered at its outer end by a translucent cornea,
called a facet, derived from the cuticle. The facet, which is often
hexagonal, functions as a lens. Internal to the cornea, the
ommatidium contains a long, cylindrical element called the
crystalline cone which functions as a second lens. Behind this,
elongated retinula nerve cells, usually eight in number, are packed
together in a tall, translucent cylinder. Each retinula cell is wedge
shaped and the inner part of each, known as a rhabdomere, is
folded to form microtubles running perpendicular to the axis of the
ommatidium. The junction of these microtubules running down the
centre of the retinula cells is known collectively as the rhabdom. The
retinula cells contain black or brown photosensitive molecules of a
protein—retinene complex called rhodopsin.

The retinula nerve cells are also surrounded by a ring of light-
absorbing pigment cells which screen the light entering each
ommatidium from its neighbour.

The rhabdomeres of an ommatidium function as a single
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Fig. 1.9 (A) Head of a dragon fly, showing two large compound eyes and,
between them, three ocelli. (B) Longitudinal section through an ommatidium
with an enlargement of a transverse section. (C) Longitudinal section through
an ocellus. (Reproduced from Gullan and Cranston, 1994.)

photoreceptor unit and transmit a signal that represents a single point
of light. Individual ommatidia cannot form a detailed image and only
overall light intensity is registered. Each ommatidium points in a
slightly different direction. The image formed by a compound eye,
therefore, represents a series of apposed points of light of different
intensities, termed an apposition image. The detail available depends
on the number of ommatidia present. There is no mechanism for
accommodation and the principal function of a compound eye is in
detecting movement as an image passes from one ommatidium to
the next. This is assisted in many arthropods by the fact that the total
corneal surface is highly convex, resulting in a wide visual field. In
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addition, many arthropods have colour vision, mediated by variations
in the visual pigment in the retinula cells.

However, an apposition image does not work well at low light
intensity. Therefore, in arthropods adapted for living in conditions of
low light intensity, the screening pigment is retracted so that light can
pass from one ommatidium to the next, forming a superposition
image. While this image is less sharp, this maximizes light gathering,
making it more likely that a rhabdom will be stimulated than if it was
dependent only on light entering its own facet. In addition, a mirror-
like layer at the back of the eye, known as the tapetum, serves to
reflect light a second time through the rhabdom.

1.6.9 Arthropod reproduction

In most arthropods the sexes are separate and mating is usually
required for the production of fertile eggs. However, in some species
males are absent and females reproduce by parthenogenesis,
producing identical genetic copies of themselves. Most arthropods lay
eggs. However, some species, such as the flesh flies, are
ovoviviparous and retain their eggs internally until they hatch. They
then larviposit live first-stage maggots.

The female reproductive system is composed of a single or,
more usually, a pair of ovaries (Fig. 1.10). Each ovary is divided into
egg tubes, or ovarioles. The ovarioles join the lateral oviduct which
in turn meets a median oviduct. This often ends in an ovipositor. A
portion of the median oviduct may be expanded to receive the
aedeagus during copulation.

The male reproductive system is usually composed of a pair
or testes, each subdivided into a set of sperm tubes or follicles in
which the formation of sperm takes place (Fig. 1.10). The follicles join
the vas deferens, which is often expanded into the seminal vesicle
which stores the sperm. The vas deferens join a common ejaculatory
duct which ends in the external genitalia, with an intromittent organ,
the penis, or aedeagus. Accessory glands produce secretions which
may form a packet, called a spermatophore, that encloses the
sperm and protects it during insemination.

Sperm may be delivered directly to the female during
copulation or, as in some species of mite, the spermatophore is
deposited on the ground and the female is induced to walk over and
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Fig. 1.10 Generalized (A) female and (B) male reproductive systems (from
Gullan and Cranston, 1994, after Snodgrass, 1935).

pick up the spermatophore with her genital opening. Sperm are
usually stored by the female in simple seminal receptacles or more
complex organs called spermathecae. As an ovulated egg passes
down the median oviduct it is fertilized by sperm released from the
spermathecae. Accessory glands join the median or lateral oviducts
and in many species produce secretions that coat and protect the

eggs.

1.6.10 Arthropod size

The patterns of arthropod anatomy and physiology are intimately
related to their size. The largest terrestrial insects and spiders weigh
no more than about 100 g and the smallest are less than 0.25 mm in
length. Only marine forms have managed to attain relatively large
sizes; the Japanese spider crab, Macrocheira, may have a leg-span
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of over 3.5 m. The respiratory and circulatory systems described
above, for example, are both efficient for arthropods but would not
work for larger animals. The exoskeleon can provide remarkable
rigidity but, because mass increases by the cube while surface area
increases by the square, an exoskeleton for a mammal-sized
arthropod would be too heavy to allow it to move. Small size also
gives arthropods the appearance of great strength because the
power of a muscle is proportional to the area of its cross-section,
while the mass it moves is proportional to volume. Hence, a cat flea
can jump about 30 cm, which would correspond to a jump of about
300 m for a human.

1.7 PATTERNS OF ARTHROPOD DEVELOPMENT
1.7.1 Moulting

An external skeleton results in problems for a growing animal, since it
essentially encases it in a frame of fixed size. The solution evolved
by arthropods is the periodic shedding of the exoskeleton, called
moulting or, more properly, ecdysis.

Before the old skeleton is shed the epidermis detaches itself
from the old cuticle (apolysis) and secretes a new epicuticle. The
new epicuticle is soft and wrinkled at this stage. Enzymes (chitinases
and proteinases), are then produced which pass through the new
epicuticle and begin to erode the old endocuticle; the exocuticle is not
affected. Muscle attachments and nerve connections are unaffected
and the animal can continue to behave normally. Following digestion
of the endocuticle new undifferentiated tissue, known as procuticle,
is also produced. Exocuticle is absent along specific paths known as
moulting lines. The old skeleton splits along these predetermined
lines and the animal pulls out of the old encasement.

The soft, whitish exoskeleton of the newly moulted animal is
stretched, often by the ingestion of air or water. Once expanded,
quinones cross-link cuticular proteins of the new procuticle,
particularly in its outer layers, forming exocuticle. This cross-linking
results in hardening and darkening of the cuticle. Endocuticle
continues to be deposited, on a daily cycle, for some time after
moulting, producing daily growth lines that can be used to estimate
age in some species of insect. The internal tissues of the animal may
then be expanded to fill the new frame.
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The stages between moults are known as stages, or stadia,
and the form of the stadium as the instar. The duration of each
stadium becomes longer as the animal becomes progressively older.

1.7.2 Simple and complex life cycles

In the arthropods of veterinary interest, growth and maturation from
egg to adult may be accomplished via a number of different
developmental paths. In most, the juvenile stadia broadly resemble
the adult, except that the genitalia and, where appropriate, wings are
not developed. The juveniles, usually called nymphs, are similar to
the adults in appearance, feeding habits and habitat. The animal
makes new cuticle and sheds the old one at intervals throughout
development, typically four or five times, increasing in size before the
emergence of the adult. This is often described as a simple life cycle
with  incomplete or partial metamorphosis, known as
hemimetabolous metamorphosis (Fig. 1.11). In general, the same
cells or tissues that make larval structures go on to make the same
structures in the adults after the final moult.

In other arthropods, however, particularly some higher insects,
there has been a trend towards increasing functional and

Fig. 1.11 Life cycle of the louse, Menopon gallinae, displaying
hemimetabolous metamorphosis and passing through three nymphal stages

prior to emergence as a reproductive adult (modified from Herms and
James, 1961).
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structural divergence in juvenile and adult stages (Fig. 1.12). The
juvenile instar, which may be referred to as a larva, maggot, grub or
caterpillar, has become concerned primarily with feeding and growth
and may bear no physical resemblance to the adult. In contrast, the
adult, or imago, has become the specialized reproductive and
dispersal instar. In the juvenile stages the cuticle is usually soft and
pliable and is not differentiated into hardened plates. These stages
depend on a hydrostatic skeleton, provided by fluid pressure in the
haemocoel, for support and movement. To reach the adult form, the
larva must undergo complete metamorphosis, during which the entire
body is reorganized and reconstructed.

The transformation between the juvenile and the adult is
made possible by the incorporation of a pupal instar, which acts as a
bridge between juvenile and adult instars. The juvenile feeds, moults
and grows until it has reached its final juvenile stadium. In many
species of fly (Chapter 4), the cuticle of the final larval stage
contracts and tans to form a protective shell, the puparium. In other
insects, such as the fleas (Chapter 6), the larva may spin a protective
cocoon of silk produced by the salivary glands, prior to a final moult
within the cocoon. The pupa lies within the puparium or cocoon. The
pupa does not feed and is generally immobile. However, it is
metabolically very active as old larval tissues and organs are lost or
remoulded and replaced by adult organs. During the process of
pupation, tissues undergo histolysis and are reassembled in the adult
form. The pupa is probably a highly modified final juvenile stage,
which has become specialized for the breakdown of larval structures
and reconstruction of adult features. When pupal development is
complete, the cocoon or puparial case contains a fully developed,
pharate adult. The adult bursts out of the cocoon using body spines
and a projection on the head or, in the case of the higher
(cyclorrhaphous) flies, from the puparium using an inflatable
membranous sac on its head, called a ptilinum. Once free of the
cocoon or puparium the newly emerged teneral adult begins to
stretch its still soft cuticle, prior to hardening and darkening. This
pattern of development is described as a complex life cycle with
holometabolous metamorphosis.
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Fig. 1.12 Life cycle of a flesh fly, Sarcophaga, displaying holometabolous
metamorphosis, with the egg giving rise to maggot-like larva, pupa and
finally reproductive adult (modified from Evans, 1984).

1.8 THE CLASSIFICATION OF DIVERSITY

To make sense of the diversity of animal species, they are classified
into biological units. These units are usually based on similarities in
morphological characters, but may increasingly be based on
isoenzyme electrophoresis and DNA analysis. The structure of the
classification aims to describe biologically meaningful groups, usually
attempting to represent evolutionary pathways. There are six basic
categories into which organisms are classified:

¢ phylum
® class
® order
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o family
® genus
® species

The species is the basic operational biological unit, from which all
other levels of classification ascend. A species is generally
considered to be a group of interbreeding natural populations that are
reproductively isolated from other such groups. Hence, even if able or
induced to interbreed, matings between species result in infertility or
reduced fertility of the hybrid offspring.

All animals and plants are named according to a binomial
system, devised by the Swedish naturalist Carl Linnaeus in the
eighteenth century. The first word of an organism’s name is the
generic name and is identical for all members of each genus. The
second word is the specific name, unique to each species. Once the
generic name has been given in full in a text, it may be shortened to
its initial letter. Many specific names describe some characteristic
feature of the species, for example the name of the tsetse fly,
Glossina pallidipes, means the Glossina with pale feet.

Even within a species not all populations are exactly the same
and often there may be considerable variation associated with
geographical, environmental, seasonal and genetic factors. Within a
species, geographically isolated populations may be classified as
sub-species, with each sub-species showing slight morphological
differences but still being capable of interbreeding normally where
populations overlap.

At the other end of the spectrum, the complexities of animal
taxonomy have brought about the need to introduce numerous
intermediate ranks in the classification, such as the sub-genus, sub-
family, sub-order and also, for particularly complicated groups, a
range of other terms such as species complex, tribe and super-
family. There is no fixed limit to the number of categories that can be
used. It is important to remember, however, that these groups are
artificial creations of the taxonomist who is attempting to give order to
the confusing diversity of arthropod forms. There is, therefore, no
single ‘correct’ classification and, indeed, arthropod systematics is
often the subject of heated debate!

it is helpful to note that the names of super-families usually
end in ‘-oidea’, families in ‘-idae’ and sub-families in ‘-inae’.
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1.9 THE ORIGINS OF ARTHROPODS

As described previously in this chapter, the phylum Arthropoda can
be well defined by the presence of seven features:

segmented bodies
exoskeleton
jointed limbs
tagmatization
dorsal blood vessel
haemocoel

ventral nerve cord

However, within the phylum there is considerable variation in
morphology and the evolutionary origins of the different groups are
far from clear.

There is general agreement that the arthropods probably evolved
from some primitive polychaete stock or an ancestor common to
both. Polychaetes are a class of metameric annelid worms, with a
pair of paddie-like appendages on each segment. However, there
has been considerable debate about whether the arthropods arose
from a single common ancestor (monophyletic origin) or arose from a
number of more or less related ancestors (polyphyletic origin).

The initial monophyletic view was based on analysis of
morphological similarities and suggested that all arthropods arose
from a basic trilobite or pre-trilobite stem (Fig 1.13). The trilobites
were believed to be the most primitive of all known arthropods. Once
abundant in the oceans 500 million years ago, they are now extinct.
Trilobites had oval, flattened bodies, usually about 3-10 cm in length,
with a thickened dorsal cuticle and ventral appendages. The majority
of trilobites appear to have been bottom dwellers and crawled over
mud and sand using their walking legs. It was proposed that, from the
primitive trilobites, one line may have led to a sub-phylum known as
the Mandibulata, containing the crustaceans (e.g. crabs, shrimps,
barnacles), myriapods (millipedes and centipedes) and insects (e.g.
flies, locusts and ants). A second line may have led to a sub-phylum
known as the Chelicerata, containing an aquatic group, the
merestomes (e.g. horseshoe crabs) and a terrestrial group, the
arachnids (e.g. spiders, scorpions, mites and ticks).
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Fig. 1.13 The trilobite Triarthrus eatoni, (A) dorsal view (B) ventral view
(reproduced from Bames, 1974).

However, while there was general agreement that the cheli-
cerates constitute a natural group, as do the insects and the
myriapods, the crustaceans did not appear to fit easily within the
insect—myriapod assemblage. There was growing acceptance that
insect—-myriapod mandibles are structurally different to crustacean
mandibles and that the superficial similarities reflect convergent
evolution, i.e. these features have arisen independently in each
group, rather than reflecting any close phylogenetic ancestry.

The monophylectic view, therefore, was largely replaced by a
polyphylectic scheme, due largely to the work of Manton. This
suggested that, given the diversity of the arthropod groups, they must
have arisen as a number of independent branches from the basic
polychaete stock. From marine polychaete ancestors, several groups
may have invaded land independently, giving rise to ancestral forms
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Chelicerata Crustacea Insecta Myriapoda

Mandibulata

Arthropoda

Fig. 1.14 Classification of the major classes of arthropod.

from which the myriapod—insect assemblage arose. Independently
marine, perhaps bottom-dwelling, groups may have given rise to the
crustaceans, the trilobites and chelicerates.

However, more recently the use of DNA analysis and cladistic
techniques has given renewed support for a monophyletic origin of
arthropods from annelid worms. Nevertheless, there is still
considerable debate about the precise relationships of the various
arthropod groups within the phylum. For example, analysis of
ribosomal DNA places the Myriapoda closer to the Chelicerata than
the Insects (Hexapoda) and Crustacea. In contrast, studies of
mitochondrial DNA support the the view, outlined above, that the
Crustacea, Myriapoda and Insecta may be considered together in
one sub-phylum Mandibulata, with the Chelicerata as a second sub-
phylum; which is the relationship between the various groups
presented here (Fig. 1.14).

1.10 LIVING ARTHROPOD GROUPS

Only two classes, the Arachnida and the Insecta, contain species of
major veterinary importance (Fig. 1.15).
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Arthropoda PHYLUM
Insecta Arachnida CLASS
Acari SUB-CLASS
Diptera (flies)
Phthiraptera (lice) Astigmata (mites)
Siphonaptera (fleas) Prostigmata (mites) ORDERS

Mesostigmata (mites)

Metastigmata (ticks)

Fig. 1.15 Classification of the arthropod orders of veterinary importance.

1.10.1 Arachnids

Members of the class Arachnida are a highly diverse group of largely
carnivorous, terrestrial, chelicerate arthropods. They are
characterized by having the body divided into two parts, the
cephalothorax and the abdomen. The unsegmented cephalothorax
is usually covered dorsally by a solid carapace. In primitive forms the
abdomen is divided into two; however, in most forms this
segmentation has been lost.

On the cephalothorax the first pair of appendages, which are
positioned in front of the mouth and which are used in feeding, are
called chelicerae. The name Chelicerata comes from the ancient
Greek chele, meaning claw, and keras, meaning horn. The
mouthparts do not have true jaws. The second pair of appendages
appear behind the mouth and are called pedipalps. Their precise
structure and function varies from order to order. The arachnids do
not possess antennae or wings and they only have simple eyes.
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In the class Arachnida there is only one group of major
veterinary importance, the sub-class Acari (sometimes also called
Acarina), containing the mites and ticks (Fig. 1.16). Other major sub-
classes or orders of arachnid include the scorpions (Scorpiones),
spiders (Araneae) and pseudoscorpions (Pseudoscorpiones).

The sub-class Acari is an extremely diverse assembly,
grouped together more from taxonomic convenience than true
phylogenetic homogeneity. They are the most abundant of the
arachnids; over 25,000 species have been described to date. They
are usually small, averaging about 1 mm in length. However, some
ticks may be over 3 cm in length. The cephalothorax and abdomen
are broadly fused and abdominal segmentation is inconspicuous or
absent, so that the body appears sack-like. The pedipalps are short,
sensory structures associated with the chelicerae in a discrete
structure called a gnathosoma. The body posterior to the gnatho-

Fig. 1.16 Common orders of the class Arachnida: (A) a spider (Araneae),
(B) a pseudoscorpion (Pseudoscorpiones), (C) mites and ticks (Acari) and
(D) a scorpion (Scorpiones) (reproduced from Roberts, 1995).
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soma is known as the idiosoma. There are four life-cycle stages: six-
legged larva, eight-legged nymph and eight-legged adult. Within the
larval and nymphal instars there may be more than one stadium.

In the adult, the idiosoma is subdivided into the region that
carries the legs, the podosoma, and the area behind the last pair of
legs, the opisthosoma. The legs are six-segmented and are attached
to the podosoma at the coxa, also known as the epimere. This is then
followed by the trochanter, femur, genu, tibia and tarsus.

The Acari are divided into seven orders, of which only four
include parasitic forms: the Metastigmata, the ticks, also known as
the Ixodida, and the orders Mesostigmata, Prostigmata and
Astigmata, collectively forming the group known as mites (Fig. 1.15).
The mites and ticks and the veterinary problems they cause will be
considered in detail in chapters 2 and 3, respectively.

1.10.2 Insects

The insects are a very large and successful class, constituting about
90% of all known arthropods. Members of the class Insecta can be
distinguished from the other arthropods by the presence of only three
pairs of legs in adults, and the broad division of the tagmata into
three sections: head, thorax and abdomen (Fig. 1.17).

The head carries the main sensory organs: the single pair of
antennae, a pair of compound eyes and, usually, three simple eyes,
or ocelli. The mouth is surrounded by mouthparts composed of three
pairs of appendages: the mandibles or jaws, followed by a pair of
maxillae, then by the labium. These appendages are serially
homologous with the legs. However, the mouthparts of different
insects show a remarkable variety of specialization which is related to
their various diets, and which will be considered in detail in the
appropriate chapters of the text.

The thorax, which forms the middle region of the body, is
composed of three fused segments: the prothorax, the mesothorax
and the metathorax. On each of these segments there is a single pair
of legs. Each leg is composed of six segments. The basal section of
the leg articulating with the body is the coxa, which is followed by a
short, triangular trochanter. There then follows the femur, the tibia,
one to five segments of the tarsus and, finally, the pretarsus
composed of a pair of claws. The legs of insects are generally
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Fig. 1.17 Common orders of the class Insecta: (A) a beetle (Coleoptera),
(B) a fly (Diptera) and (C) a moth (Lepidoptera) (reproduced from Evans,
1984).

adapted for walking or running but, as we will see, some are modified
for specialized functions such as jumping (fleas) or clinging to the
hairs of their host's body (lice).

Many groups of insect have two pairs of wings articulating
with the mesothorax and metathorax. Some groups of primitive
insects have never developed wings while others, such as the fleas
and lice, which once had wings, have now lost them completely.
Others, such as some of the hippoboscids, which we will meet in
Chapter 4, have wings for only a short time as adults, after which
they are shed. The wing consists of a network of sclerotized veins
which enclose regions of thin, transparent cuticle called cells. The
veins act as a framework to brace and stabilize the wing and carry
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haemolymph and nerves. The arrangement of the veins tends to be
characteristic of various groups of insect species and so is important
in identification and taxonomy. Wings are a key reason for the
success of the class; allowing insects to migrate, locate distant food
sources, escape predators, find mates and colonize new habitats. In
several groups of insect, such as grasshoppers, true bugs and
beetles, the front wings have been modified to various degrees as
protective coverings for the hind wings and abdomen. In the true flies
(the Diptera) the hind wings have been reduced to form a pair of
club-like halteres, which are used as stabilizing organs to assist in
flight.

The abdomen is composed of 9—11 segments, although the
tenth and eleventh segments are usually small and not externally
visible and the eleventh segment has been lost in most advanced
groups. The genital ducts open ventrally on segment 8 or 9 of the
abdomen and these segments often bear external organs that assist
in reproduction. The genitalia are composed of structures which
probably originated from simple abdominal appendages. In the male,
the basic external genitalia consist of one or two pairs of claspers,
which grasp the female in copulation, and the penis (aedeagus).
However, there is considerable variation in the precise shape of the
male genitalia in various groups of insect and these differences may
be important in the identification of species. In the female the tip of
the abdomen is usually elongated to form an ovipositor.

Within the class Insecta there are generally considered to be
26 orders, of which only three, the flies (Diptera), fleas
(Siphonaptera) and lice (Phthiraptera) are of veterinary importance.
Adult flies and their veterinary importance will be discussed in
Chapter 4 and the problems caused by fly larvae in Chapter 5. Fleas
and lice will be considered in chapters 6 and 7, respectively.

1.10.3 Other living arthropod classes
Crustacea
There are probably more than 26,000 species of Crustacea. Almost

all are aquatic and the majority are marine. The class includes such
familiar animals as the crabs, lobsters, shrimps, crayfish and
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woodlice, as well as many thousands of tiny planktonic species that
play an essential role in marine food webs (Fig. 1.18).

Their bodies are organized into a head and segmented
thorax, often combined in a cephalothorax, and posterior abdomen.
Anteriorly the head bears five pairs of appendages, the first two of
which are the antennae. The third pair of appendages are the
mandibles which flank the mouth and behind these are two pairs of
feeding appendages. Behind the head, the thorax is often covered by
a carapace which arises as a fold of the head and which may
overhang the sides of the body.

Fig. 1.18 The shrimp-like crustacean, Gnathophausia (A) and the myriapod,
centipede Scutigera coleoptera (B) (from Bames, 1974, after Snodgrass,
1935).
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Primitively, each of the many segments of the throrax and
abdomen carries a pair of modified appendages. Crustacean
appendages are described as biramous, since typically they are
composed of an inner and an outer branch. However, the structure is
very variable since the segments have undergone various degrees of
fusion and reduction and the thoracic and abdominal appendages
are often modified to perform specific specialized functions, such as
swimming, crawling, sperm transmission or egg brooding.

The Crustacea are of little or no veterinary importance, with
the exception perhaps of copepod crustaceans, known as 'fish lice'.
Copepod crustaceans are specialized ectoparasites which attach to
the gill filaments or fins and feed by piercing and sucking.

Myriapoda

The Myriapoda contains the familiar millipedes (Diplopoda) and
centipedes (Chilopoda) as well as two groups of small, soil-dwelling
arthropods the Pauropoda and the Symphyila.

The centipedes and millipedes are relatively long, narrow-
bodied and multi-legged. All have a segmented head with a pair of
antennae (Fig. 1.18). The remainder of the body is composed of
many similar leg-bearing segments. The number of segments and the
number of legs increases at each moult. Millipedes have two pairs of
legs per segment while centipedes have one pair. Milipedes are
predominantly herbivorous or saprophagous (feeding on decaying
vegetation). In contrast, the centipedes are mainly nocturnal
predators, feeding on other arthropods or small vertebrates which
they kill using poison injected from the modified first pair of legs,
which resemble pincers.

1.11 ARTHROPOD DISTRIBUTIONS

The general distribution of animals is strongly determined by
geography and climate. In reflecting geographical divisions, the world
is often divided into six zoogeographical regions, each region
containing its characteristic animal and plant species (Fig 1.19).
Each region is usually isolated by physical boundaries such as
deserts, mountains and oceans. Each region contains many species
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Fig. 1.19 (A) World zoogeographic zones; (B) world climatic biomes.
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of animal and plant which are endemic (native to the region) or which
are indigenous (have dispersed or migrated there naturally).
Superimposed on these regions, differences in temperature and
rainfall caused by differences in latitude, altitude and ‘continentality’,
create further divisions into climatic biomes: tropical, sub-tropical,
temperate and polar (Fig. 1.19). The distribution of many species of
animal may be strongly limited to specific biomes, either directly by
climate or indirectly through the effects of climate on the habitat and
resources that the animal requires.

This book focuses on the ectoparasites of temperate habitats
in the Nearctic and Palaearctic regions, which together form one
large realm known as the Holarctic. Nevertheless, when dealing with
arthropod pests of veterinary importance, it is notable that thay have
been able to spread worldwide, carried with livestock and humans. In
many cases thay are also largely protected from the effects of climate
by the warm microclimate of their host’s body and the houses and
other buildings that humans construct. Hence the zoogeographic
regions and climatic biomes fregently prove to be an inadequate
description of the distribution of ectoparsitic arthropods and, where
appropriate, ectoparasites of various regions of the temperate
southern hemisphere will also be discussed.
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Mites (Acari)

Adult female sheep scab mite, Psoroptes ovis, ventral view (from Kettle,
1984).
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2.1 INTRODUCTION

The mites are a huge and disparate group of almost 30,000 species,
with possibly another 450,000 species waiting to be described.
Superficially they may appear simple and somewhat uninteresting but
in reality they are extremely variable both in structure and habit and,
as ectoparasites, are responsible for significant problems in domestic
animals.

The majority of mites are free-living predators, herbivores or
detritivores, occupying a wide range of habitats from soil to oceans
and from deserts to ice-fields. However, a relatively small number are
parasites. They affect many classes of invertebrate and all classes of
vertebrate, particularly birds and mammals. The majority of these
mite species are ectoparasites, although a small number (about 500
species) are endoparasites, living in the lungs or nasal passages of
various birds, mammals and reptiles.

The ectoparasitic mites of mammals and birds inhabit the skin,
where they feed on blood, lymph, skin debris or sebaceous
secretions, which they ingest by puncturing the skin, scavenge from
the skin surface or imbibe from epidermal lesions. Most ectoparasitic
mites spend their entire lives in intimate contact with their host, so
that transmission from host to host is primarily by physical contact.
Infestation by mites is called acariasis and can result in severe
dermatitis, known as mange, which may cause significant welfare
problems and economic losses.

2.2 MORPHOLOGY

All mites are small, usually less than 1 mm in length. The body shows
no segmentation, although it can have various sutures and grooves.
The typical mite body can be divided into two sections, the anterior
gnathosoma (or capitulum) and a posterior idiosoma (Fig. 2.1). The
gnathosoma is composed of the mouthparts. The brain and all other
organs are in the idiosoma.

The region of the idiosoma which carries the legs is called the
podosoma and the region behind the legs is the opisthosoma (Fig.
2.1). Adult and nymphal mites have four pairs of legs, larvae have
only three pairs. In adults and nymphs the legs are arranged in two
sets, two pairs of anterior legs and two pairs of posterior legs. The
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podosoma

idiosoma

opisthosoma

Fig. 2.1 Divisions of the body of a generalized mite.

first pair of legs are often modified to form sensory structures or to
assist with capturing prey, and frequently are longer and more
slender than the others. The legs are usually six-segmented (Fig. 2.2)
and are attached to the body at the coxa, also known as the
epimere. This is then followed by the trochanter, femur, genu, tibia
and tarsus. At the end of the tarsus, may be a pretarsus and this
may bear the ambulacrum, which is usually composed of paired
claws and, between them, a structure known as the empodium. The
empodium can be highly variable in form, being membranous or
resembling a filamentous hair, pad, sucker or claw (Fig. 2.2). In some
of the parasitic astigmatid mites, the claws are absent and on some
of the legs the ambulacral organs consist of stalked pretarsi which
may be expanded terminally into membranous bell- or sucker-like
discs, known as pulvilli.

The idiosoma may be soft, wrinkled and unsclerotized.
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Fig. 2.2 The divisions of the leg of a generalized mite and structural
variation in the claws and empodia.

However, many mites may have two or more sclerotized dorsal
shields and two or three ventral shields: the sternal, genitoventral
and anal shields (Fig. 2.3). These may be important features for mite
identification. The genitoventral shield, located between the last two
pairs of legs, bears the genital orifice.

In many small mites, particularly the astigmatid mites,
respiration takes place directly through the integument. In others,
between one and four pairs of respiratory openings, called stigmata,
are the found on the idiosoma. As will be discussed, the presence or
absence of stigmata and their position on the body is extremely
important in the higher classification of mites. The stigmata lead to a
complex branching system of tracheae. The circulatory system is
reduced and in most groups consists of a network of sinuses through
which blood is circulated by contraction of body muscles. The
stigmata, particularly in the mesostigmatid mites, are usually
associated with elongated sclerotized processes of unknown
function, known as the peritremes.

Sexual differentiation is usually not obvious in the larva and
nymph. Adult males possess a pair of testes and vasa deferentia
which extend from each testis to open through the median gonopore
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or through a chitinous penis which can project through the genital
orifice of the female. In the adult female there is usually a single
ovary which is connected to the genital orifice by an oviduct. Sperm is
transmitted directly from male to female in some mites. However,
indirect sperm transfer is known to occur in many species. A
spermatophore is produced and transferred to the genital orifice of
the female by the chelicerae or the legs. In other species the male
produces a stalked capsule containing a droplet of semen. Females
may be attracted by semiochemicals produced by the spermatophore
or by a trail laid down by the male. After encountering a droplet the
female removes the sperm from its stalked cup with her genital
orifice.

Eyes are usually absent and, hence, most mites are blind.
Where they are present, however, in groups such as the
trombidiformes, the eyes are simple. Hairs, or setae, many of which
are sensory in function, cover the idiosoma of many species of mite.

Fig. 2.3 Ventral shields of a generalized mesostigmatid mite.
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The number, position and size of the setae are extremely important in
identification of mite species.

The gnathosoma (capitulum) is the highly specialized feeding
apparatus (Fig. 2.4). It is essentially a food-carrying tube connected
to the oesophagus. The gnathosoma carries a pair of palps, which
are simple sensory organs that help the mite to locate its food. The
palps are one- or two-segmented in most Astigmata and Prostigmata
and five- or six-segmented in the Mesostigmata. The last segment of
the palps usually carries a claw-like structure, the palpal claw or
apotele. Between the palps lies a pair of three-segmented
chelicerae. These are used for tearing, grasping or piercing, and
their precise structure may be highly modified, depending on the
feeding habits of the various species of mite: stylet-like when used for
piercing, or claw-like when used for tearing tissues. At their tip the
chelicerae may also carry structures called chelae, which may be
claw-like or long and stylet-like. Between the chelicerae is the buccal

Fig. 2.4 Longitudinal section through the gnathosoma (capitulum) of a
generalized mite.
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cone. The buccal cone and chelicerae fit within a socket-like anterior
chamber in the opisthosoma. This is formed by a dorsal projection of
the body wall, called the rostrum, and ventrally and laterally by the
enlarged coxae of the palps. The palps are attached to both sides of
the chamber and the chelicerae to the back wall of the chamber. The
buccal cone can be extended and retracted in some species. The
muscular pharynx is the primary pumping organ used for ingestion.
When mites feed they usually do not show dramatic increases in
body size seen in other blood-feeding parasites, such as the ticks.

In the mesostigmatid mites the fused expanded coxal
segments of the palps at the base of the gnathosoma are known as
the basis capituli. The chelicerae are enclosed within the basis
capituli. A structure called the hypostome projects forward from the
ventral surface of the basis capituli. However, unlike ticks (Chapter
3), mesostigmatid mites have no teeth projecting from the
hypostome.

2.3 LIFE HISTORY

Female mites produce relatively large eggs, from which a small, six-
legged larva hatches (Fig. 2.5). A few species are ovoviviparous,
producing live offspring. The larva moults to become an eight-legged
nymph. There may be between one and three nymphal stages,
known respectively as the protonymph, deutonymph and
tritonymph. At least one of these nymphal stages is usually inactive
and development proceeds without feeding. The nymph then moults
to become an eight-legged adult.

The mites are small and highly adaptable animals capable of
living in a wide range of habitats. The number of eggs produced per
female is highly variable but lifetime reproductive outputs may be as
low as 16 eggs per female. Nevertheless, the life cycle of many
parasitic species may be completed in less than 4 weeks and in some
species may be as short as 8 days. Hence, these mites have the
potential for explosive increases in their population size.

2.4 PATHOLOGY

In many cases, the activity of mites may have no obvious effect on
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Fig. 2.5 Generalized life cycle of a psoroptid mite, with only a single
nymphal stage shown (redrawn from Walker, 1994).

the host and, indeed, some species of mite such as Demodex may
be considered to be a normal part of the skin fauna. However, on
domestic, farmed and captive wild animals explosive increases in
mite populations can occur with great rapidity.

Problems with mite infestation and dramatic increases in mite
populations occur more commonly in animals in poor condition and
are more often seen at the end of winter or in early spring. Some
forms of mange, such as demodectic mange, are the result of
underlying disease or immunosuppression. The clinical signs of
erythema, pruritus and scale or crust formation are due to the
inflammatory response of the skin and resulting excoriation. This
response is stimulated by feeding, burrowing or the production of
antigenic material by the mite. The keratinocytes release cytokines
(especially IL-1) in response to non-specific damage, which diffuses
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into the dermis leading to cutaneous inflammation. In addition, mite
antigens de novo or processed by antigen-presenting cells can be
carried in the dermal lymphatics to local lymph nodes where an
immunological response occurs. This response can be humoral or
cell mediated, resulting in either a protective immune response or
hypersensitivity. In particular, mite faecal antigens are thought to be
important in the production of hypersensitivity which amplifies the
innate inflammatory response. An example of such a response is
canine Sarcoptes scabiei infestation (sarcoptic mange) in which an
IgE-mediated hypersensitivity develops.
Mite infestation can result in:

e direct epidermal damage leading to inflammation; this results in
skin erythema, pruritus, scale formation, lichenification (thickening)
and crust (inflammatory exudate) formation;

e the production of cutaneous hypersensitivity (especially type |
hypersensititivity);

® |oss of blood or other tissue fluids;
® mechanical or biological transmission of pathogens.

2.5 CLASSIFICATION

The classification of the mites is extremely complex and uncertain
and a variety of names for the various groupings are used. In
general, mites and ticks are considered to belong to the sub-class
Acari, in the class Arachnida. The Acari may be divided into two
orders, the Parasitiformes and the Acariformes. The Acariformes do
not have visible stigmata posterior to the coxae of the second pair of
legs and the coxae are often fused to the ventral body wall. The
Parasitiformes possess one to four pairs of lateral stigmata posterior
to the coxae of the second pairs of legs and the coxae are usually
free.

In general, seven sub-orders of Acari are recognized, of which
four include parasitic forms: the Metastigmata or Ixodida (ticks) and
three sub-orders, known as mites, the Mesostigmata, Prostigmata
and Astigmata. The Metastigmata and Mesostigmata are usually
grouped into the order of Parasitiformes and the Prostigmata and
Astigmata into the Acariformes. The ticks will be dealt with in
Chapter 3. As the names Mesostigmata, Prostigmata, and Astigmata
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suggest, the higher classification of mites is also based primarily on
the presence or absence of stigmata and their position on the body.

The classification and identification of mites may be
complicated by the fact that individuals within a species may be
highly variable morphologically and behaviourally. As a result, the
precise status of a number of specific and sub-specific groupings is
unclear and the subject of ongoing debate. This situation may be
resolved in the future as more sophisticated genetic techniques
become available for characterizing species.

2.5.1 Astigmata

The sub-order Astigmata (= Acaridida, = Sarcoptiformes) is a large
group of relatively similar mites. They are all weakly sclerotized;
stigmata and tracheae are absent and respiration occurs directly
through the cuticle. The order includes the families Sarcoptidae,
Psoroptoidae and Knemidocoptidae which are of major veterinary
importance because they contain the most common mite species
which cause mange and scab. Also of interest are species of the
Listerophoridae, which are ectoparasites of rodents, and species of
the Cytodidae and Laminosioptidae, which live in the respiratory
tracts of birds and mammals.

2.5.2 Prostigmata

The Prostigmata (= Actinedida, = Trombidiformes) is a large and
heterogeneous sub-order which exists in a diversity of forms and
occupies a wide range of habitats. Many species of prostigmatid mite,
such as the spider mites, are important pests of plants. Others are
predatory, feeding on a range of invertebrates. Prostigmatid mites
usually have stigmata which open on the gnathosoma or the anterior
part of the idiosoma, which is known as propodosoma, hence giving
the sub-order its name. There are over 50 families of which four
contain important ectoparasitic species: the Trombiculidae,
Demodicidae, Cheyletiellidae and Psorergatidae. A number of
other families, such as the Pyemotidea, contain species which are
not ectoparasites but which are of minor veterinary interest because
of the allergic responses they induce in animals which come into
contact with them.
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2.5.3 Mesostigmata

The Mesostigmata (= Gamesida) is a large and successful group,
the majority of which are predatory, but a relatively small number of
species are important ectoparasites of birds and some mammals.
Mesostigmatid mites have stigmata which are located above the
coxae of the second, third or fourth pair of legs. They are generally
large, ranging from 200 pm to 2 mm in length. There is usually one
large, sclerotized shield on the dorsal surface and a series of smaller
shields in the midline on the ventral surface. They have legs which
are longer and positioned more anteriorly than in other mites, like
those of ticks. In appearance they look somewhat spider-like. Some
mesostigmatid mites may be host specific, but most species can
parasitize a range of hosts opportunistically. They can usually survive
for several months between feeds. These two features make their
control difficult. There are two main families of veterinary importance,
the Macronyssidae and Dermanyssidae and a number of families,
such as Halarachnidae, Rhinonyssidae and Laelapidae, which are
of minor interest because they contain species which live in the
respiratory tracts of birds and mammals.

2.6 RECOGNITION OF MITES OF VETERINARY IMPORTANCE

The identification of mites is problematic. However, since mites in
general tend to be relatively host specific, a good first practical
indication of the likely identity of any species in question can be the
species of host and the location of the mite on that host. The
following is a general guide to the adults of the most common
species and genera of ectoparasitic mites likely to be encountered
(modified from from Baker et al., 1956; Varma, 1993).

2.6.1 Guide to the sub-orders of Acari

1 Hypostome of the gnathosoma without backwardly directed
barbs. Stigmata present or absent, when present not opening
on stigmatal plates; if stigmata lateral to coxae 2 and 3 then
with peritremes. Tarsi of first pair of legs without sensory pit

2
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2.6.2

Hypostome of the gnathosoma with backwardly directed
barbs. Stigmatal shields present behind coxae of the fourth
pair of legs or laterally above the coxae of legs 2 or 3:
stigmata without peritremes. Tarsi of the first pair of legs with
a sensory pit METASTIGMATA (IXODIDA)

Idiosoma without conspicuous shields. Legs with coxae fused
to body wall. Palps without an apotele 3

Idiosoma with sclerotized areas forming distinct shields
(darkened brown colour). Legs with free coxae articulated to
the idiosoma. Palps with an apotele MESOSTIGMATA

Stigmata absent. Palps small, inconspicuous and pressed
against the sides of the hypostome. Legs usually with three
claws and with a complex pulvillus (varying from pad-like to
trumpet like). Body never worm-like ASTIGMATA

Palps usually well developed. Chelicerae usually adapted for
piercing, sometimes pincer-like. Legs with one or two claws,
without a complex pulvillus. Body sometimes worm-like.
Stigmata present or absent; when present positioned between
the bases of the chelicerae or on the upper surface of the
propodosoma PROSTIGMATA

Guide to species and families of veterinary importance

Stigmata absent posterior to the second pair of legs 2
Stigmata present as one lateral pair between the bases of
legs Iland IV 3

Legs without claws; palps with two segments; stigmata absent
14

Some or all legs with claws; palps with more than two

segments; stigmata present or absent, when present they

open on the gnathosoma or the anterior part of the idiosoma
20
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Genital plate rudimentary or absent 4
Genital plate well defined 5

Genital plate present although rudimentary; in lungs of canary
Sternostoma tracheacolum (Rhinonyssidae)

Genital plate absent; palps elongated with five segments; in
nasal passage of dogs

Pneumonyssus caninum (Halarachnidae)

Chelicerae long and whip-like; chelae at tips absent or very

small 6
Chelicerae not long and whip-like, shorter and stronger;
chelae blade-like at tips 7

Dorsal surface of body with one shield; anal shield not egg
shaped and with anal opening at posterior end (Fig. 2.21);
parasite of birds

Dermanyssus gallinae (Dermanyssidae)

Dorsal shield not nearly covering dorsal body surface;
genitoventral shield narrowed posteriorly; chelicerae with
toothless chelae 8

Dorsal shield virtually covering dorsal body surface;
genitoventral shield not narrowed posteriorly; chelicerae
usually with toothed chelae 10

Dorsal shield broad, its setae short 9

Dorsal shield narrow and tapering posteriorly, its setae long
(Fig. 2.20B); parasite of rats, mice, hamsters

Ornithonyssus bacoti (Macronyssidae)

Sternal shield with two pairs of setae (Fig. 2.20A); parasite of

birds Ornithonyssus sylviarum (Macronyssidae)

Sternal shield with three pairs of setae; parasite of birds
Ornithonyssus bursa (Macronyssidae)
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10

11

12

13

14

15

16

Genitoventral shield widened posteriorly, with more than one
pair of setae 1

Genitoventral shield not widened posteriorly, one pair of
setae; on small rodents, weasels and moles

Hirstionyssus isabellinus (Laelapidae)

Body densely covered in setae 12
Body with few setae (these arranged in transverse rows) 13

Genitoventral shield with pear-shaped outline; on rodents
Haemogamasus pontiger (Laelapidae)

Genitoventral shield with large subcircular outline; on rodents
Eulaelaps stabularis (Laelapidae)

Genitoventral shield with concave posterior margin,
surrounding anterior part of anal shield; on rodents

Laelaps echidninus (Laelapidae)

Legs short and stubby; genital opening of female a transverse
slit paralleling body striations; dorsal striations broken by
strong pointed scales; dorsal setae strong and spine-like;
anus terminal (Fig. 2.6); on mammals

Sarcoptes scabiei (Sarcoptidae)

Dorsal setae not spine-like 15
Legs not short and stubby 17
Anus terminal; tarsi claw-like, with terminal setae 16

Anus dorsal; dorsal striations broken by many pointed scales;
dorsal setae simple, not spine-like (Fig. 2.7B); on rats and
guinea-pigs Trixicarus caviae (Sarcoptidae)

Anus dorsal; dorsal striations not broken by pointed scales;
dorsal setae simple, not spine-like; tarsi with long pretarsi on
legs | and Il (Fig. 2.7A); on cats

Notoedres cati (Sarcoptidae)

Dorsal striations simple, unbroken (Fig. 2.11); on poultry
Knemidocoptes laevis gallinae (Knemidocoptidae)
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18

19

20
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Dorsal striations broken, forming scale-like pattern; on poultry
Knemidocoptes mutans (Knemidocoptidae)

Dorsal striations broken, forming scale-like pattern; on caged
birds

Knemidocoptes pilae (Knemidocoptidae)

Pretarsi with short stalks 18

In the adult female, pretarsi of I, Il and IV with three-jointed
long stalks; tarsi Il with two long terminal whip-like setae; legs
of equal sizes; genital opening an inverted U. In the adult
male, pretarsi on legs |, Il and Ill with three-jointed long stalks;
long setae on legs IV which are smaller than others (Fig. 2.8);
on domestic mammals Psoroptes spp. (Psoroptidae)

In the adult female, tarsi |, Il and IV with short-stalked pretarsi;
tarsi lll with a pair of long terminal whip-like setae; legs | and Il
stronger than the others; legs lll shortest; legs IV with long
slender tarsi; genital opening almost a transverse slit. In the
adult male all legs with short-stalked pretarsi; fourth pair of
legs short (Fig. 2.9); on domestic animals

Chorioptes bovis (Psoroptidae)

Legs | and |l with short-stalked pretarsi; legs lll and IV with a
pair of terminal whip-like setae; legs IV much reduced; genital
opening transverse (Fig. 2.10); found in the ears of cats and
dogs Otodectes cynotis (Psoroptidae)

Mouthparts not well developed, reduced; small oval, nude
mites; all tarsi with pretarsi (Fig. 2.14A); in the tissues of birds
Cytodites nudus (Cytoditidae)

Mouthparts well developed; elongated mites; body setae long;
tarsi | and Il claw-like distally; tarsi Il and IV with long,
spatulate pretarsi (Fig. 2.14B); in the tissues of birds

Laminosioptes cysticola (Laminosioptidae)

Body not unusually elongated, with setae 21

Body unusually elongated and crocodile-like with annulations,
without setae (Fig. 2.15); in skin pores of mammals

Demodex species (Demodicidae)
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21

22

23

24

25

Gnathosoma and palps conspicuous; body with feathery
setae; three pairs of legs when attached to host (larval forms)
(Fig. 2.17) species of Trombiculidae

Gnathosoma and palps conspicuous; body not with feathery
setae; stigma opening at base of chelicerae 22

Gnathsoma and palps inconspicuous; body with simple non-
feathery setae; not ectoparasitic

Pyemotes tritici (Pyemotidae)

Palps with thumb-claw complex 23
Palps without thumb-claw complex 24

Chelicerae fused with rostrum to form cone; palps opposable,
with large distal claws; peritreme obvious, M-shaped on
gnathosoma (Fig. 2.16)

On rabbits Cheyletiella parasitivorax (Cheyletiellidae)
On cats Cheyletiella blakei (Cheyletiellidae)
On dogs Cheyiletiella yasguri (Cheyletiellidae)
Legs normal, for walking 25

First pair of legs highly modified for clasping hairs of host;
body elongate, with transverse striations; on mice and rats
Myobidae

Legs | and Il and tarsi IV adapted for clasping hairs (Fig.
2.13); on guinea-pigs

Chirodiscoides caviae (Listrophoridae)
Legs Il and IV of female modified for clasping hairs (Fig.
2.12); on mice Myocoptes musculinus (Listrophoridae)

Small, round mites with short stubby, radiating legs, each with
a strong hook; female with two pairs of posterior setae, male
with a single pair of posterior setae; (Fig. 2.18)

On sheep Psorergates ovis (Psorergatidae)
On mice Psorergates simplex (Psorergatidae)
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2.7 ASTIGMATA
2.7.1 Sarcoptidae

The members of the family Sarcoptidae are burrowing astigmatid
mites, which are parasitic throughout their lives. Their morphology
and ecology are highly adapted to a life of intimate contact with their
host. The empodium is claw-like and the pulvillus is borne on a stalk-
like pretarsus. Paired claws on the tarsus are absent. They have
circular bodies with the ventral surface somewhat flattened. The
coxae are sunk into the body, creating a characteristic ‘short-legged’
appearance; from a dorsal view, the legs only just project beyond the
edge of the body and the posterior two pairs may not be visible at all.
The chelicerae are usually adapted for cutting or sucking. The cuticle
may be covered by fine striations. There are three genera of
veterinary importance: Sarcoptes, Notoedres and Trixicarus.

(a) Sarcoptes

There is believed to be only a single species of Sarcoptes, the itch
mite, Sarcoptes scabiei. Nevertheless, there are a number of host-
adapted varieties distiguished by the presence or absence of patches
of dorsal and/or ventral spines. Each population may be highly
adapted to its particular host, and strains from one host may not
easily infest a host of a different species. Sarcoptes scabiei is
responsible for sarcoptic mange in a wide range of wild and domestic
animals throughout the world.

Sarcoptes scabiei

Morphology: the adult of this species has a round body (Fig. 2.6).
The male is about 250 um in length and is smaller than the mature
female which is about 400—430 um in length. In both sexes, the
pretarsi of the first two pairs of legs bear empodial claws and a
sucker-like pulvillus borne on a long, stalk-like pretarsus. The sucker-
like pulvilli help the mite grip the substrate as it moves. The third and
fourth pairs of legs in the female and the third pair of legs in the male
end in long setae and lack stalked pulvilli. The dorsal surface of the
body of S. scabiei is covered with transverse ridges but also bears a
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central patch of triangular scales. The dorsal setae are strong and
spine-like. The anus is terminal and only slightly dorsal.

Life cycle: mating probably takes place at the skin surface, following
which the female creates a permanent winding burrow, parallel to the
skin surface using her chelicerae and the claw-like empodium on the
front two pairs of legs. This burrow may be up to 1 cm in length.
Burrowing may proceed at up to 5 mm/day.

Maturation of the eggs takes 3 or 4 days, following which the
female starts to oviposit 1-3 eggs/day, over a reproductive life of
about 2 months. The eggs, which are oval and about half the length
of the adult, are laid singly at the ends of outpockets, which branch
off along the length of these tunnels. Three to four days after
oviposition, the six-legged larva hatches from the egg and crawls
towards the skin surface. Two to three days later the larva moults to
become a protonymph. During this time the larva and nymph find
shelter and food in the hair follicles. The protonymph moults to
become a deutonymph and again a few days later to become an

Fig. 2.6 Adults of Sarcoptes scabiei: (A) female, dorsal view; (B) male,
ventral view (reproduced from Varma, 1993).
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adult. Both sexes of adult then start to feed and burrow at the skin
surface, creating small pockets of up 1 mm in length in the skin.
Despite their short legs, adults are highly mobile, capable of moving
at up to 2.5 cm/min. The total egg to adult life cycle takes between 17
and 21 days but may be as short as 14 days.

Pathology: clinical problems caused by S. scabiei are are thought to
be rare in wild animals but may become common when these animals
are kept in captivity. However, periodic outbreaks of sarcoptic mange
are common in urban populations of foxes in northern Europe and
may cause high levels of mortality.

Sarcoptic mange may affect dogs, pigs, sheep, goats,
humans and cattle, but is relatively rare in cats and horses. It occurs
in housed farm animals or those in poor condition, usually at the end
of winter or early spring. The preferred site of infestation depends on
host, with the mites generally being more common on the sparsely
haired parts of the body such as the ears, face or muzzle in the dog,
the ears and back in the pig, and the neck and tail of cattle.
However, with high infestations the mites may spread all over the
body of the infested host.

The burrowing and feeding activity of S. scabiei cause intense
itching, inflammation, hair loss and the formation of crusts of dried
exudate. The intense pruritus leads to excoriation, resulting in
exudation and even haemorrhage on the skin surface. The
cutaneous response reflects inflammation produced by keratinocyte
damage and the development of cutaneous hypersensitivity (type I)
to mite antigens (e.g. faecal antigens).

Sarcoptic mange is highly contagious and the spread of S.
scabiei is usually by close physical contact. As a result, single cases
are rarely seen in groups of animals kept together. In the early stages
infestation may not be apparent. The incubation period, from initial
infestation to the development of clinical disease, is usually about 2—
3 weeks in the pig and 1-2 weeks in the dog. Infestation may also
occur by indirect transfer, since the mites have been shown to be
capable of surviving off the host for short periods. The length of time
that S. scabiei can survive off the host depends on environmental
conditions but may be between 2 and 3 weeks.



62 Mites

(b) Notoedres

More than 20 species of Notoedres have been described, the
majority of which are ectoparasites of tropical bats. Notoedres cati is
of veterinary importance in many parts of the world, although it is rare
in northern Europe. Other common species are Notoedres muris,
which occurs worldwide on rats, and Notoedres musculi, which is
found on the house mouse in Europe.

Notoedres cati

Morphology: the dorsal striations of the idiosoma of N. cati tend to be
in concentric rings (thumb-print like) (Fig. 2.7A). There are no
projecting dorsal scales. The dorsal setae are simple and not spine-
like. It is also considerably smaller than S. scabiei; females are about
225 um in length and males about 150 um. The anal opening is
distinctly dorsal and not posterior.

Life cycle: this species is very similar in behaviour to S. scabiei.

Pathology: largely infesting domestic cats, N. cati has a far narrower
host range than S. scabiei. However, it may occasionally also be
found on dogs and rabbits. The burrowing activity of the female
damages keratinocytes, leading to cytokine release (especially IL-1)
leading to cutaneous inflammation and the clinical signs. As with
other mite infestations a hypersensitivity may also be involved in the
clinical manifestation of dermatitis. The mites occur in clumps in the
skin and are usually initially found around the head and ears. As an
infestation develops the mites may spread over the body of the host.
Notoedres cati is highly contagious and transmission from host to
host is by the spread of larvae or nymphs. Notoedres infestation
results in crust and scale formation on the tips of the ears and over
the face and neck. The dermatitis causes intense scratching and hair
loss. If untreated, the affected animal can become severely
debilitated and notoedric mange may be fatal in 4—6 months.



Astigmata 63

Fig. 2.7 Adult females (dorsal view) of (A) Notoedres cati (reproduced from
Urquhart et al., 1987) and (B) Trixicarus caviae.

(c) Trixicarus

Mites described as Trixicarus were first reported on rats (Rattus
norvegicus and Rattus rattus) in Europe; these were described as
Trixicarus diversus. Subsequently, in 1972, a second species of
Trixicarus, described as T. caviae, was identified on guinea-pigs
(Cavia porcellus) in the UK. This mite has now also been identified in
other parts of Europe and was first detected in the USA in 1980
where it is now widespread.
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Trixicarus caviae

Morphology: Trixicarus caviae superficially resembles S. scabiei. The
dorsal striations of the idiosoma of T. caviae are similar to those of S.
scabiei (Fig. 2.7B). However, the dorsal scales which break the
striations are more sharply pointed and the dorsal setae are simple
and not spine-like. Like N. cati, the anus is located on the dorsal
surface. Trixicarus caviae is also smaller than S. scabiei and similar
in size to N. cati; females are about 240 pum in length and 230 pm in
breadth.

Life cycle: the life cycle is believed to be similar to that of S. scabiei.

Pathology: the burrowing activity of the mites results in irritation,
inflammation and pruritus, causing biting, scratching and rubbing of
the infested areas and leading to alopecia. Affected areas display
marked acanthosis and hyperkeratosis and may become secondarily
infected with bacteria. Death may occur within 3—-4 months of
infestation. Transmission is by close physical contact and from
mother to offspring.

Table 2.1 Separation of adult female Sarcoptes scabiei, Notoedres
cati and Trixicarus caviae

S. scabiei N. cati T. caviae
Length (um) 400430 225-250 230-240
Anus position Terminal Dorsal Dorsal
Dorsal setae Some stout dorsal | All dorsal setae All dorsal setae
spines simple (not spine- | simple (not spine-
like) like)
Dorsal scales Many, pointed Few, rounded Many, pointed

2.7.2 Psoroptidae

The Psoroptidae are oval-bodied, non-burrowing, astigmatid mites.
They feed superficially and do not need to burrow into the skin.
Some feed on skin scales while others suck tissue fluid. They are
generally larger than the burrowing sarcoptid mites, at between 1 and
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2 mm in length. The legs are longer than those of the burrowing mites
and the third and fourth pairs of legs are usually visible from above.
There are two nymphal stages in the life cycle. At the hind end of the
male are a pair of prominent circular copulatory suckers which
engage with copulatory tubercles of the female deutonymph. Three
genera of Psoroptidae are of veterinary importance: Psoroptes,
Chorioptes and Otodectes.

(a) Psoroptes

Species of the genus Psoroptes cause various forms of psoroptic
mange. For many years it has been believed that there are a number
of very closely related species of Psoroptes which specialize on
particular hosts: Psoroptes cuniculi on rabbits, Psoroptes ovis on
sheep, Psoroptes equi or Psoroptes natalensis on horses and
Psoroptes bovis on cattle. However, more recently the integrity of the
various species of Psoroptes mites has been called into doubt.
Although it is difficult to infest one species of host with mites removed
from another, it is possible, and experiments have shown that it is
also possible to cross P. ovis and P. cuniculi. Hence, the view that
there are fewer species of Psoroptes than was though previously
(perhaps only two in temperate habitats, P. ovis and P. natalensis),
with a large number of strains adapted to live on different hosts and
in different locations and varying in.their degree of virulence, is
becoming more widely accepted. Psoroptes natalensis is a body mite
of domestic cattle, buffalo and horses, which is thought to have
originated in South Africa but which is now present in Europe.

Psoroptes ovis

Morphology: all life-cycle stages of P. ovis may be recognized by
trumpet-shaped, sucker-like pulvilli attached to three jointed pretarsi.
The jointed pretarsi are highly diagnostic features since in most other
mites the pretarsi are unjointed. Adult female P. ovis are large mites,
about 750 um long. They have jointed pretarsi and pulvilli on the first,
second and fourth pairs of legs and long, whip-like setae on the third
pair (Fig. 2.8A). In contrast, the smaller adult males, which are
recognizable by their copulatory suckers and paired posterior lobes,
have pulvilli on the first three pairs of legs and setae on the fourth
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pair (Fig. 2.7B). The legs of adult females are approximately the
same length, whereas in males the fourth pair is extremely short.

Life cycle: the eggs of P. ovis are relatively large, about 250 um in
length, and oval. The hexapod larva which ecloses from the egg is
about 330 um long and has sucker-like pulvilli on the first two pairs of
legs and two long setae on each of the third pair. The larva moults
into a protonymph with pulvilli on the first, second and fourth pairs of
legs and long setae on the third pair. The protonymph moults into a
deutonymph (sometimes also referred to as the tritonymph), which is
similar in shape to the protonymph, except that females have
posterior copulatory protuberances. The deutonymph moults to
become an adult.

Adult males attach to female deutonymphs and remain in
copula until the females moult for the final time, at which point
insemination occurs. The function of this behaviour is unknown, but
protection of unmated females by males to ensure that mating occurs

Fig. 2.8 Adult Psoroptes ovis: (A) female, ventral view, (B) male, dorsal
view (reproduced from Baker et al., 1956).
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at the appropriate time so that they ensure paternity of subsequent
eggs is common in arthropods.

Eggs are produced at a rate of about 1-3 per day. A female
may live for between 40 and 60 days, during which time it may lay
40-100 eggs. The rate of egg production appears to be inversely
related to ambient temperature. The minimum duration of the life
cycle of P. ovis, from egg to egg, is about 14 days.

Pathology: Psoroptes ovis is most well known and economically
important as an ectoparasite of sheep, where it causes a condition
known as sheep scab. It also causes a pruritic dermatosis of cattle.
The way in which P. ovis feeds at the skin surface is unclear. It was
thought for many years that the mites pierce the skin of the infested
sheep during feeding. However, this is no longer considered to be the
case. As with many other cutaneous mite infestations, the clinical
signs of sheep scab are thought to involve a hypersensitivity reaction
(type 1) by the host to antigenic material produced by the mites, in
particular components of mite faeces. This hypersensitivity causes
inflammation, surface exudation, scale and crust formation, with
excoriation due to self-trauma (scratching). The mouthparts of the
mites are adapted for sucking and the mites are believed to feed on
the superficial lipid emulsion of lymph, skin cells, skin secretions and
bacteria at the skin surface.

The serous exudate produced in response to the mites dries
on the skin to form a dry, yellow crust, surrounded by a border of
inflamed skin covered in moist crust. Mites are found on the moist
skin at the edge of the lesion, which extends rapidly and may take as
little as 6-8 weeks -to cover three-quarters of the host’'s skin.
Eventually the crust lifts off as the new fleece grows.

Infestation in sheep leads to severe pruritus, wool loss,
restlessness, biting and scratching of infested areas, weight loss and,
in growing animals, reduced weight gain. When handled, infested
sheep may demonstrate a ‘nibble reflex, characterized by lip
smacking and protrusion of the tongue; others may show fits lasting
5-10 minutes. In sheep, lesions may occur on any part of the body,
but are particularly obvious on the neck, shoulders, back and flanks.
In severe cases the skin may be excoriated, lichenified and
secondarily infected, with numerous thick-walled abscesses of
between 5 and 20 mm in diameter. Sheep scab can affect sheep of
all ages but may be particularly severe in young lambs.
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Mites are usually more active in winter and the oviposition rate
is higher at lower temperatures. In summer the disease progresses
more slowly, lesions are not obvious and can be missed. The disease
can become latent in summer, apparently disappearing, with mites
taking refuge in protected sites such as the axilla, eyes, ears or even
folds in the skin. Mite activity and associated disease may then flare
up again in autumn as the fleece thickens. The short life cycle can
contribute to a very rapid build-up of P. ovis populations. Scab mites
are spread by direct contact between clean and infested animals and
can survive for periods of up to 10-14 days off their host (depending
on environmental conditions), allowing clean animals to become
infested from contaminated housing. Sheep scab is common
throughout Europe, Asia and Australasia, although it is thought to
have been eliminated from flocks in the US.

Psoroptes ovis infestation in cattle causes lesions initially on
the withers, neck and around the root of the tail, which spread all
over the body in cases of severe infestation.

Psoroptes cuniculi

Morphology: as discussed previously the specific status of P. cuniculi
is uncertain and it may be simply a variant of P. ovis adapted to an
aural environment. Unsurprisingly, therefore, P. cuniculi is
morphologically almost identical to P. ovis and designation is based
almost entirely on host and aural location of the infestation on a host.
In adult males of P. cuniculi the outer opisthosomal setae have been
found on average to be 74.0 um in length, whereas for P. ovis these
setae are on average 79.3 pm in length. Nevertheless, the
usefulness of this character is questionable, since there is
considerable variation and overlap in the lengths of the setae
between the two groups and the mean length of the setae of mites is
known to decrease with the age of a body lesion.

Life cycle: identical to that of P. ovis.

Pathology: Psoroptes mites described as P. cuniculi are found
primarily in rabbits, where it is usually localized in the ears, causing
ear mange (psoroptic otocariasis). High populations may cause
severe mange, blocking the auditory canal with debris and
occasionally spreading over the entire body. Strains of P. cuniculi
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may also be found in the ears of horses, causing irritation and head
shaking, and in sheep, associated with haematomas, head shaking
and scratching.

(b) Chorioptes

There is only one species of Chorioptes of veterinary importance in
temperate habitats: Chorioptes bovis. The names Chorioptes ovis,
Chorioptes equi, Chorioptes caprae and Chorioptes cuniculi used to
describe the chorioptic mites found on sheep, horses, goats and
rabbits, respectively, are now thought to be synonyms of Chorioptes
bovis.

Chorioptes bovis

Morphology: adult female C. bovis are about 300 pm in length,
considerably smaller than P. ovis. Chorioptes do not have jointed
pretarsi; their pretarsi are shorter than in Psoroptes and the sucker-
like pulvillus is more cup-shaped, as opposed to trumpet-shaped in
Psoroptes (Fig. 2.9). In the adult female tarsi I, Il and IV have short-
stalked pretarsi; tarsi lll have a pair of long, terminal whip-like setae.
The first and second pairs of legs are stronger than the others and
the fourth pair has long, slender tarsi. In the male all legs possess
short-stalked pretarsi and pulvilli. However, the fourth pair is
extremely short, not extending beyond the body margin. Male C.
bovis have two broad, flat setae and three normal setae on well-
developed posterior lobes.

Life cycle: the life cycle is similar to P ovis: egg, hexapod larva,
followed by octopod protonymph, deutonymph and adult. Chorioptes
bovis has mouthparts which do not pierce the skin of the host, but
which are adapted for chewing skin debris. The complete life cycle
takes about 3 weeks, during which time adult females may produce
up to 17 eggs.

Pathology: this mite may be found on a variety of herbivorous
mammals, including goats and sheep, but chorioptic mange is the
most common form of mange in cattle and horses. Chorioptes tends
to be confined to certain areas. In horses the mites are found largely
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on the lower legs, most often on those with feathered fetlocks and
especially draft horses. The lesions seen are erythema, crusts,
ulceration and alopecia with marked pruritus.

On cattle the mites most commonly cause similar lesions at
the base of the tail, perineum and udder. In sheep the mites affect
the lower parts of the hind legs and ventral abdomen, producing
papules, crusts and ulceration which can lead to temporary ram
infertility if the scrotum is affected. Chorioptic mange is considerably
less severe than psoroptic mange and, as with psoroptic mange, it is
primarily a winter disease. The mites cause irritation and high
infestations have been associated with decreased milk production.

(c) Otodectes

There is believed to be a single species of importance, Otodectes
cynotis, known as the ear mite.

Fig. 2.9 Adult Chorioptes bovis: (A) female, ventral view;, (B) male, dorsal
view (reproduced from Baker ef al., 1956).
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Fig. 2.10 Adult Otodectes cynotis: (A) male, dorsal view; (B) female, ventral
view (reproduced from Baker et al., 1956).

Otodectes cynotis

Morphology: Otodectes cynotis is similar in appearance to
Chorioptes; it is of similar size and does not have jointed pretarsi (Fig.
2.10). The sucker-like pulvillus is cup-shaped, as opposed to trumpet-
shaped in Psoroptes. In the adult female, the first two pairs of legs
carry short, stalked pretarsi, while the third and fourth pairs of legs
have a pair of terminal whip-like setae. The fourth pair is much
reduced. The genital opening is transverse. In males all four pairs of
legs carry short, stalked pretarsi and pulvili but the posterior
processes are small.

Life cycle: the mites feed on ear debris. The life cycle is similar to that
of other psoroptids and takes about 3 weeks. Transfer may occur
through direct contact and from infested female hosts to their pups or
kittens.
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Pathology: it is a very common mange mite of cats, dogs and other
carnivores, such as foxes, and is found throughout the world. It exists
deep in the ear near the ear-drum but, in heavy infestations, it may
also be found on the tail, back and head. All cats and dogs probably
harbour a small population which only sporadically may become a
problem, causing otodectic mange.

Infested dogs exhibit a grey deposit within the ear canal.
Infestation is usually bilateral. In cats, mild infestation results in a
brownish waxy exudate in the ear canal. A crust may develop
subsequently, covering the feeding mites next to the skin. Intense
itching causes infested animals to scratch the ears and shake the
head which may result in haematoma formation. Secondary bacterial
infection may result in purulent otitis externa.

2.7.3 Knemidocoptidae

Species of the genus Knemidocoptes are the only astigmatid
burrowing mites found on poultry and domestic birds. Twelve species
have been described, of which three are of veterinary importance.
The round body, short stubby legs and bird host are generally
sufficient for a rough initial identification to the family and genus level.

Knemidocoptes mutans

Morphology: Knemidocoptes mutans is somewhat similar in
appearance to Sarcoptes. Females are rounded and about 400 pm
long (Fig. 2.11). The legs are short and stubby and the anus is
terminal. The dorsal surface is covered by faint striations. However,
mid-dorsally the striations are broken in a plate- or scale-like pattern.
The body has no spines or scales. Stalked pulvilli are present on all
the legs of larvae and males, but are absent in the nymphal stages
and the female. Copulatory suckers are absent in the male.

Life cycle: females are ovoviviparous, giving birth to live larvae.
Subsequently, the life cycle is typical of psoroptid mites; the hexapod
larva is followed by an octopod protonymph, deutonymph and adult.

Pathology. Knemidocoptes mutans burrows into skin of the foot and
leg of domestic poultry, causing a crusty white, scaly appearance.
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Large populations may cause lameness and deformity of the feet,
legs and claws. This is a condition known as 'scaly leg'. The comb
and neck may also be affected. As the disease progresses over the
course of several months, birds stop feeding and eventually waste
away. Mature adult mites may be found beneath the crusts. The
condition is more common in birds allowed access to the ground and,
therefore, tends to be more prevalent in barnyard and deep-litter
systems rather than in caged production facilities. The mites are
highly contagious.

Knemidocoptes pilae

Morphology: Knemidocoptes pilae is extremely similar in appearance
to K. mutans.

Life cycle: similar to that of K. mutans.

Pathology: Knemidocoptes pilae is found on budgerigars, parrots and
parakeets. It attacks bare or lightly feathered areas, particularly
around the beak, causing a condition known as ‘scaly face’.

Knemidocoptes laevis gallinae

Morphology: similar in appearance to K. mutans except that the
pattern of dorsal striations is unbroken (Fig. 2.11).

Life cycle: similar to that of K. mutans. Infestation by this mite is
especially prevalent in spring and summer and may disappear in
autumn.

Pathology. Knemidocoptes laevis gallinae infests poultry, pheasants
and geese, where it burrows into the base of the feather shafts,
particularly on the back, head and neck, top of the wing and around
the vent, causing a condition known as ‘depluming itch’. The
condition is characterized by intense scratching and feather loss over
extended areas of the body. Mites may be found embedded in the
tissue at the base of feather quills.
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Fig. 211 Adult female of Knemidocoptes laevis gallinae, dorsal view
(reproduced from Hirst, 1922).

2.7.4 Listrophoridae

Members of the family Listrophoridae commonly infest fur-bearing
mammals. They are soft-bodied, strongly striated with a distinct
dorsal shield, and mouthparts and legs modified for grasping hairs.

Mycoptes musculinus

Morphology: adult females are elongated ventrally, about 300 pm in
length, and the propodosomal body striations have spine-like
projections (Fig. 2.12). The genital opening is a transverse slit. The
anal opening is posterior and ventral. Legs | and Il are normal,
possessing short-stalked, flap-like pretarsi. Legs Ill and IV are highly
modified for clasping hair. Males are smaller than females, about
190 um in length with less-pronounced striations and a greatly
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enlarged fourth pair of legs for grasping the female during copulation
(Fig. 2.12B). The posterior of the male is bilobed.

Life cycle: hexapod larvae give rise to octopod nymphs which
resemble the adult female. Mycoptes musculinus spends its entire life
on the hair of the host rather than on the skin, feeding at the base of
the hair and gluing its eggs to the hairs.

Pathology: this mite causes myocoptic mange in wild and laboratory
mice. It is extremely widespread but is usually of little pathogenic
significance. Problems may occcur, however, in crowded laboratory
colonies or in animals in poor condition. Infestation causes
inflammation, erythema and pruritus, leading to scratching and
alopecia.

Chirodiscoides caviae (Campylochirus caviae)

Morphology: larger than M. musculinus, females of C. caviae are
about 500 um and males about 400 um in length (Fig. 2.13). The

Fig. 212 Adults of Mycoptes musculinus: (A) female, ventral view; (B)
male, ventral view (reproduced from Baker et al., 1956).
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Fig. 213 Adults of Chirodiscoides caviae: (A) male, ventral view; (B)
female, ventral view.

gnathosoma is distinctly triangular. The propodosomal sternal shield
is strongly striated. The body is flattened dorsoventrally. All legs are
slender and well developed, with legs | and Il strongly modified for
clasping to hair.

Life cycle: similar to that of M. musculinus.

Pathology: Chirodiscoides caviae is commonly found on guinea-pigs
and is worldwide in distribution. Light infestations probably have little
effect and are easily overlooked. Irritation, pruritus and alopecia have
been observed with heavy infestations.
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Fig. 2.14 Adults of (A) Cytodites nudus, male, ventral view and (B)
Laminosioptes cysticola, female, ventral view (reproduced from Baker et al.,
1956).

2.7.5 Astigmatid mites of minor veterinary interest

(a) Cytoditidae

The cytoditoid mites are respiratory parasites of birds, rodents and
bats. Of particular interest is the air-sac mite, Cytodites nudus, found
in the air passages and lungs of wild birds, poultry and canaries. The
mite is oval and about 500 um long, with a smooth cuticle (Fig.
2.14A). The chelicerae are absent and the palps are fused to form a
soft, sucking organ through which fluids are imbibed. Small
infestations may have no obvious effect on the animal; large
infestations may cause coughing and accumulation of mucus in the
trachea and bronchi. Balance may be affected in infested birds.
Positive diagnosis is only possible at post-mortem. Infestation may be
spread by the host through coughing.
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(b) Laminosioptidae

The fowl cyst mite, Laminosioptes cysticola, is an internal parasite of
poultry. It may occur in clumps in the muscle tissue, particularly in the
neck, breast, flanks and around the vent. The mites lead to the
formation of small nodules which become calcified and reduce the
carcass value. This mite is relatively small, about 250 pm in length,
with a smooth, elongated body and few setae (Fig. 2.14B). It is
abundant in Europe and is also found in the United States, South
America and Australia.

2.8 PROSTIGMATA
2.8.1 Demodicidae

The Demodicidae is a family of prostigmatid mites, containing a
single genus of veterinary interest, Demodex. Species of the genus
Demodex are found in a wide range of wild and domestic animals,
including humans. They form a group of closely related sibling
species, different species being highly specific to particular hosts:
Demodex phylloides (pig), Demodex canis, (dog), Demodex bovis,
(cattle), Demodex equi (horse), Demodex musculi (mouse), Demodex
ratti (rat), Demodex caviae (guinea-pig), Demodex cati (cat) and
Demodex folliculorum and Demodex brevis on humans.

Morphology: species of Demodex are minute mites with an
elongated, crocodile-like tapered body, 100—400 pym in length, with
four pairs of stumpy legs in the adult (Fig. 2.15). Setae are absent
from the legs and body. The legs are located at the front of the body
so that the striated opisthosoma forms at least half the body length.
Short forms of Demodex may be found, although whether these are
separate species or phenotypic variants has yet to be established.

Life cycle: they live as commensals, embedded head-down in hair
follicles, sebaceous and Meibomian glands of the skin, where they
spend their entire lives. Species of Demodex are unable to survive off
their host. Females lay eggs which give rise to hexapod larvae, in
which each short leg ends in a single, three-pronged claw.
Unusually, a second hexapod larval stage follows, in which each leg
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Fig. 2.15 Adult Demodex sp., ventral view (reproduced from Bames, 1974).

ends in a pair of three-pronged claws. Octopod protonymph,
deutonymph and adult stages then follow. All life-cycle stages may
be found together in a follicle.

Pathology: for the most part they are non-pathogenic and form a
normal part of the skin fauna. As ectoparasites causing significant
clinical disease in temperate habitats, they are important primarily in
dogs, where they can cause demodectic mange or demodicosis.
Because of the location of the mites within the hair follicles
transmission between animals is difficult and it is thought that the
normal Demodex population is acquired by new-born animals during
the first few days of life from the bitch’s mammary skin while suckling.

The pathogenesis of canine demodicosis is thought to involve
host immunosuppression. Studies have shown that dogs with
generalized demodicosis and staphylococcal pyoderma have
reduced in vitro T-lymphocyte function. This T-cell suppression
returns to normal once the staphylococcal pyoderma has been
treated. Furthermore, recent evidence suggests that the immune
response to Staphylococcus intermedius in dogs is humoral with
antistaphylococcal IgE production. This type of response may, in
theory, reduce the host’s cutaneous cell-mediated immunity and allow
proliferation of demodex mites and other organisms, such as
Malassezia. The presence of concurrent demodicosis, staphylococcal
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pyoderma and malassezia dermatitis may reflect the individual’s
reduced cutaneous cell-mediated immunity with subsequent parasitic
dermatosis.

Demodectic mange has been classified in various ways,
depending upon the clinical features seen. These categories are
juvenile demodicosis, adult-onset demodicosis, localized
demodicosis, generalized demodicosis  and pustular
demodicosis. Demodicosis is more common in short-coated breeds
of dog, although some long-haired breeds, such as Afghan hound,
German shepherd and collie, may be predisposed. However, this is
geographically variable and most likely reflects local breed gene
pools.

Juvenile demodicosis which occurs between 3 and 15 months
of age presents as non-pruritic areas of focal alopecia on head,
forelimbs and trunk. This disease is self-limiting. However, if
immunosuppressive therapy with glucocorticoids is administered, the
dermatosis deteriorates and may become generalized and pustular.

Adult-onset demodicosis is often associated with concurrent
staphylococcal pyoderma and is a pustular form. It can be localized
or generalized and the clinical features seen are erythema, pustules,
crusts and pruritus. The skin often becomes hyperpigmented in
chronic cases. The localized form is often confined to the feet. If
demodicosis occurs spontaneously in elderly dogs, underlying
debilitating diseases, including neoplasia, may be responsible.
Immunosuppressive therapy for other diseases may also lead to
canine demodicosis.

Although usually benign, infestation with Demodex bovis can
be important in cattle in the US. The mite damages the hair follicles
and can reduce the value of the hide.

2.8.2 Cheyletiellidae

Most species of the family Cheyletiellidae are predatory, feeding on
other mites. However, a number of species in the genus Cheyletiella
are ectoparasites. Three very similar species are of veterinary
importance and are common in three types of mammal: Cheyletiella
yasguri on dogs, C. blakei on cats and C. parasitivorax on rabbits.

Morphology: all three of the species of veterinary importance are
morphologically very similar (Fig. 2.16). Adults are about 400 pm in
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length. They have blade-like chelicerae which are used for piercing
their host, and short, strong, opposable palps with curved palpal
claws. The palpal femur possesses a long, serrated dorsal seta. The
body tends to be slightly elongated with a ‘waist’. The legs are short;
tarsal claws are lacking and the empodium is a narrow pad with
comb-like pulvilli at the ends of the legs. The peritreme is M-shaped
and the stigmata open at the base of the chelicerae. Adults are highly
mobile and are able to move about rapidly. The three species can be
separated morphologically by the shape of a projection, the
solenidion, on the genu of the first pair of legs. This is described as
globose in C. parasitivorax, conical in C. blakei and heart-shaped in
C. yasguri (Fig. 2.16B,C,D). However, this feature can vary in
individuals and between life-cycle stages, making identification
difficult.

Life-cycle: the mites spend their entire lives on the host, living in the
skin debris at the base of hair, fur and feathers. They do not burrow

Fig. 216 (A) Adult female Cheyletiella parasitivorax, dorsal view
(reproduced from Baker ef al., 1956). Genu of the first pair of legs of adult

females of (B) Cheyletiella parasitivorax, (C) Cheyletiella blakei and (D)
Cheyletiella yasguri.
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but pierce the skin with their stylet-like chelicerae, engorging with
lymph. The strong palpal claws are used for grasping fur or feathers
during feeding.

The life cycles of the three species are believed to be similar.
Eggs are attached to the hairs of the host 2-3 mm above the skin. A
prelarva and larva develop within the eggshell. Fully developed
octopod nymphs emerge from the egg. There are two nymphal
stages before the adult stage is reached. Adults can remain alive for
up to 10 days off their host without feeding, in a cool atmosphere.
However, immature stages only survive for up to 48 hours off their
host.

Pathology. Cheyletiella may occasionally cause mild to severe
scaling dermatosis with variable pruritus in dogs, cats and rabbits.
The skin scales shed into the coat and the presence of mites among
this debris gives rise to the common name ‘walking dandruff’. In
heavily infested dogs excessive shedding of hair, inflammation, and
hyperaesthesia of the dorsal skin have been reported. The mites can
readily transfer to humans, causing papular lesions, usually in groups
of three or four, typically on the arms or across the abdomen.

Cheyiletiella may be more common on short-haired breeds of
dog and many individuals act as asymptomatic carriers. Young
animals, especially those in a kennel situation and debilitated
individuals, may be particularly susceptible to infection.

2.8.3 Trombiculidae

More than 1500 species of the family Trombiculidae have been
described, about 50 of which are known to attack domestic animals
and humans. They are commonly known as chiggers, red bugs,
harvest mites and scrub itch mites and are unique, in that only the
larval stage is ectoparasitic. In the adult and nymphal stages they are
believed to be predators on the eggs and larvae of other arthropods.
The principal species of veterinary interest are in the genus
Trombicula.

The genus Trombicula is divided into a number of sub-genera
of which two contain species of veterinary interest: Neotrombicula
and Eutrombicula. Key species are the harvest mite, Trombicula
(Neotrombicula) autumnalis, in Europe; the chiggers, Trombicula
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Fig. 2.17 Parasitic larval stage of the harvest mite, Trombicula
(Neotrombicula) autumnalis (reproduced from Varma, 1993).

(Eutrombicula)  alfreddugesi and  Trombicula (Eutrombicula)
splendens, in the New World; and the scrub itch mite, Trombicula
(Eutrombicula) sarcina in Australasia.

Trombicula (Neotrombicula) autumnalis

Morphology: the hexapod larvae are rounded, red to orange in colour
and are about 200 pm long (Fig. 2.17). Larval trombiculids breathe
through the cuticle and there are no stigmata. Behind the
gnathosoma on the dorsal surface is a dorsal shield known as the
scutum, bearing a pair of sensillae and five setae. In T. autumnalis
the scutum is roughly pentangular and has numerous small
punctuations. There are two simple eyes on each side of the scutum.
The body is covered dorsally with 25-50 relatively long, ciliated,
feather-like setae. The chelicerae are flanked by stout, five-
segmented palps. The palpal femur and genu each bear a single
seta. The palpal tibia has three setae and a thumb-like terminal claw
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which opposes the palpal tarsus. The palpal claw is three-pronged
(trifurcate). Adults and nymphs have a pronounced figure-of-eight
shape. They have stigmata which open at the base of the chelicerae
and their bodies are covered with setae. Adults are about 1 mm in
length.

Life cycle: they are parasitic only in the larval stage. Female adults
lay their spherical eggs in damp but well-drained soil. After about a
week the hexapod larva ecloses from the egg and begins to crawl
about the soil and eventually climbs an object such as a grass stem.
Here it awaits a passing host. Larvae of the species of veterinary
interest are not highly host specific and may attach to a variety of
domestic animals. The larva attaches itself by its blade-like chelicerae
and feeds on the host’s serous tissues for between three and several
days before falling from the host. After feeding, the larva enters a
quiescent stage for a few days as a nymphochrysalis (protonymph)
before moulting to become the active octopod nymph (deutonymph).
After a further inactive imagochrysalis (tritonymph) stage, the adult
emerges. The nymphal and adult stages are free-living, mobile and
predatory. Trombicula autumnalis passes through only one
generation per year and its abundance is usually strongly seasonal.
In Europe the activity of T. autumnalis is most pronounced in late
summer and autumn and larvae are most active on dry, sunny days.
It will parasitize almost all domestic mammails, including humans, and
some ground-nesting birds, and may be particularly abundant in
closely cropped chalk grassland, but it may also be found in wooded
areas and scrub.

Pathology: harvest mites are commonly found in clusters, on the foot
and up the legs of dogs, on the genital area and eyelids of cats, on
the face of cattle and horses, and on the heads of birds, after having
been picked up from the grass. Infestation causes pruritus, erythema
and scratching, though there may be considerable individual variation
in response. This variation may reflect the development of a
hypersensitivity reaction to the mites, which may result in the
development of weals, papules and excoriation.
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Trombicula (Eutrombicula) alfreddugesi

The larvae of T. alfreddugesi, known as chiggers, are similar in
appearance to those of T. autumnalis. They are reddish-orange and
vary in length between 150 um when unengorged to 600 um when
fully fed. However, for the larvae of T. alfreddugesi the palpal claws
are two-pronged (bifurcate), the scutum is approximately rectangular
and 22 dorsal setae are present.

The life cycle is similar to that described for T. autumnalis.
Trombicula (Eutrombicula) alfreddugesi is the most important and
widespread of the trombiculid mites of veterinary interest in the New
World. It is common from eastern Canada through to South America.
It is particularly common at the margins of woodland, scrub and
grassland but is not highly habitat-specific. In the northern parts of its
range it may be most active between July and September, whereas
in more southern habitats it may be active all year round. It
parasitizes a wide range of mammals, birds, reptiles and amphibians.

Trombicula (Eutrombicula) splendens

Trombicula (Eutrombicula) splendens is morphologically similar and
frequently sympatric with T. alfreddugesi in North America, although it
is not so widely distributed and is generally confined to the east, from
Ontario in Canada to the Gulf States, although it may also be
abundant in Florida and parts of Georgia. It generally occurs in
moister habitats than T. alfreddugesi, such as swamps and bogs.

Trombicula (Eutrombicula) sarcina

The scrub itch mite Trombicula (Eutrombicula) sarcina is an important
parasite of sheep in Queensland and New South Wales of Australia.
Its principal host, however, is the grey kangaroo. These mites prefer
areas of savannah and grassland scrub. They may be particularly
abundant from November to February, after summer rain. The
primary site of infestation is on the leg, resulting in intense irritation.
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Fig. 2.18 Adult female Psorergates simplex (reproduced from Baker et al.,
1956).

2.8.4 Psorergatidae

Two species of the family Psorergatidae have been recovered from
domestic animals: P. bos from cattle and P. ovis from sheep.
Psorergates simplex occurs on mice in the northern hemisphere.
Only P. ovis is of major veterinary significance.

Psorergates ovis

The sheep itch mite Psorergates ovis is an important ectoparasite of
sheep in parts of Australia, New Zealand, South Africa and South
America. It is thought to have been eradicated from the USA and
has not been reported from Europe.

Morphology: the body is almost circular and the legs are arranged
more or less equidistantly around the body circumference (Fig. 2.18).
Larvae of P. ovis have short, stubby legs. The legs become
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progressively longer during the nymphal stages until, in the adult, the
legs are well developed and the mites become mobile. Adults are
about 190 um long and 160 um wide. The tarsal claws are simple and
the empodium is pad-like. The femur of each leg bears a large,
inwardly directed curved spine. In the adult female two pairs of long,
whip-like setae are present posteriorly; in the male there is only a
single pair.

Life cycle: egg, larva, protonymph, deutonymph, tritonymph and
adult. The complete life cycle of P. ovis takes about 6 weeks.

Pathology: although P. ovis does not burrow, it does damage the
skin, causing chronic dermatitis with alopecia and scaling. Wool
becomes dry, matted and discoloured, with a slightly yellowish colour.
The severe pruritus caused by P. ovis leads to self-trauma by
chewing and rubbing, with resulting wool damage. Infestation is most
commonly seen spreading over the lateral thorax, hind quarters and
thighs of the host. However, P. ovis is very sensitive to desiccation,
can only survive for 24—48 hours off the host and only the adults are
mobile. As a result, infestation spreads slowly over infested animals
and only slowly through a flock. Infestation may take 3—4 years to

Fig. 219 Adults of (A) Myobia musculi, female dorsal view and (B)
Radfordia ensifera male, dorsal view (reproduced from Baker et al., 1956).
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become generalized on an infested animal. Mites occur under the
superficial layers of the skin and, therefore, skin scrapings are
necessary to detect infestations.

2.8.5 Prostigmatid mites of minor veterinary interest

(a) Pyemotidae

Species of Pyemotidae are soft-bodied, predacious mites which
infest materials such as grain or hay, sometimes described as forage
mites. They feed largely on insect larvae but will attack domestic
animals and humans that come into contact with the infested
material, causing dermatitis.

They are small mites with elongated bodies. Adults have
greatly reduced mouthparts and stylet-like chelicerae. There are
several species, of which Pyemotes tritici is particularly damaging.

When gravid, the fertiized female becomes enormously
swollen with eggs. The eggs hatch within the female and the larval
and nymphal stages take place internally, fully formed adults
emerging from the female. Up to 200-300 offspring may be
produced per female. Males emerge first and remain on the outside
of the female opisthosoma, clustered around the genital orifice.
Males mate with virgin females as they emerge. Inseminated females
then move away to find a new host, which is often a beetle or moth
larva.

(b) Myobidae

Myobiid mites are small, blood-feeding parasites. They cause a mild,
contagious dermatitis in rodents, bats and insectivores, including
laboratory rats and mice. The two most common species are Myobia
musculi, found on the house mouse, and Radfordia ensifera, found
on laboratory rats. The mite body is elongate with transverse
striations and no sclerotization (Fig. 2.19). The first pair of legs is
highly modified to allow the mite to attach itself firmly to the hair of its
host.
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2.9 MESOSTIGMATA

2.9.1 Macronyssidae

Species of the family Macronyssidae are blood-sucking ectoparasites
of birds and mammals. They feed only in the protonymph and adult
stages. Only one genus, Ornithonyssus, is of general veterinary
interest. Species of this genus are ectoparasites of birds. Species of
a second genus, Ophionyssus, are ectoparasites of reptiles and will
not be considered here.

Ornithonyssus sylviarum

The northern feather or northern fowl mite, Ornithonyssus sylviarum,
is one of the most important ectoparasites of poultry throughout
Europe, North America, New Zealand and Australia.

Morphology: adult females are large, between 750 and 1000 pum in
length (Fig. 2.20A). They have relatively long legs and can easily be
seen with the naked eye. Ornithonyssus sylviarum may vary in colour
from white to red or black, depending on how recently it has fed.
There is a single, relatively narrow dorsal plate which does not
entirely cover the dorsal surface and which tapers posteriorly. There
are several pairs of long setae on the dorsal plate. The genitoventral
shield also tapers posteriorly. The chelicerae are toothless.

Life cycle: the entire life cycle of O. sylviarum takes place on the host,
with the eggs laid in masses at the base of the feathers, primarily in
the vent area. Hexapod larvae eclose from the egg within a day or so
of oviposition, giving rise to the protonymph, deutonymph and adult.
Only two of the five life-cycle stages, the protonymph and adult, feed
on the host; deutonymphs do not feed. The life cycle is short and can
be completed within 5 to 12 days. Hence, large populations can
develop rapidly on the birds.

Pathology: feathers may become matted and severe scabbing may
develop, particularly around the vent. Infested chickens show a grey-
black discolouration of the feathers due to the large number of mites
present. Heavy infestations may cause decreased egg production,
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anaemia, loss of condition and death. The mites can survive off the
host for 1 to 3 weeks, or occasionally longer, and this ability
enhances the chances for mite transmission by the movement of
people or materials from infested to uninfested houses. Irritation by
bites and allergic reactions of people working with infested chickens
have been recorded.

Ornithonyssus bacoti

The tropical rat mite, Ornithonyssus bacoti is a blood-sucking
ectoparasite of mice, rats, hamsters and small marsupials in both
temperate and tropical regions of the world. It is similar in appearance
and life cycle to O. sylviarum (Fig. 2.20B). The life cycle is rapid and
a high population can lead to the death of the host by
exsanguination. It is a particularly common parasite in laboratory
rodent colonies and can occur worldwide, despite its name. Bites can
lead to irritation and dermatitis in animals and people coming into
contact with infested animals.

Fig. 2.20 Adult females (A) Ornithonyssus sylviarum (northermn fowl mite)
and (B) Ornithonyssus bacoti (tropical rat mite) (reproduced from Varma,
1993).
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Fig. 2.21 Adult female of the red mite, Dermanyssus gallinae (A) ventral
view (B) dorsal view (reproduced from Varma, 1993).

Ornithonyssus bursa

The tropical fowl mite, Ornithonyssus bursa is found throughout the
sub-tropical and tropical regions of the world, where it is an important
ectoparasite of poultry and other birds. It is similar in appearance
and life cycle to O. sylviarum.

2.9.2 Dermanyssidae

Species of the family Dermanyssidae are blood-sucking
ectoparasites of birds and mammals.

Dermanyssus gallinae
The red mite or chicken mite, Dermanyssus gallinae, feeds off the

blood of fowl, pigeons, caged birds and many other wild birds. It
occasionally bites mammals, including humans, if the usual hosts are
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unavailable. It is a common ectoparasite in hen houses, aviaries and
pigeon lofts.

Morphology: adults are relatively large, 750—1000 pm in length with
long legs (Fig. 2.21). Usually greyish-white, becoming red when
engorged. A single dorsal shield is present, which tapers posteriorly,
but which is truncated at its posterior margin. The anal shield is
relatively large and is at least as wide as the genitoventral plate.
Three anal setae are present. The chelicerae are elongate and stylet-
like.

Life cycle: the mite is only present on the bird host at night, when it
feeds. It spends the rest of its time in cracks or crevices in the cage
or poultry house structure. Batches of eggs are laid in hiding places,
detritus or near nests and roosts. Within 2-3 days the eggs hatch
into six-legged larvae. The larvae do not feed before moulting to
become an octopod protonymph. Both the protonymph and
deutonymph, as well as the adult mites, feed. Adults are able to live
off the host without feeding for up to 34 weeks. In the presence of
hosts the life cycle can be completed very quickly (egg to adult in 7
days) allowing large populations to develop rapidly.

Pathology: this mite causes feeding lesions which are most likely to
be seen on the breast or legs of the bird. The mites can directly
cause anaemia and can lower egg production. Newly hatched chicks
may rapidly die as a result of mite activity. Dermanyssus gallinae may
be an important pest of poultry flocks maintained on the floor in barn
or deep litter systems but is less important in caged production
facilities. Infestation of pigeons is common.

2.9.3 Mesostigmatid mites of minor veterinary interest
(a) Halarachnidae

The subfamily Halarachninae of the family Halarachnidae are
obligatory parasites occurring in the respiratory tract of mammails.
The primary species of minor veterinary importance in temperate
habitats is Pneumonyssus caninum, the dog nasal mite, which occurs
in the sinuses and nasal passages of dogs in Australia, South Africa
and the USA. Adults are pale yellow, oval mites with few setae. The
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first pair of legs is equipped with a pair of heavily sclerotized brown
claws, while the other three pairs end in a long, stalked pulvillus and
two slender claws. Symptoms of infestation are usually mild.
However, excessive mucus production or rhinitis has been recorded.

The subfamily Raillietinae of the family Halarachnidae are
obligatory parasites occurring in the external ear of mammals. The
primary species of minor veterinary interest is Raillietia auris, the
cattle ear mite. This is an oval mite, about 1 mm long, which occurs in
the ears of domestic cattle in North America, Europe and Australia.
The mite feeds on epidermal cells and wax, but does not suck blood.
Infestations are usually benign.

(b) Rhinonyssidae

Most species of the family Rhinonyssidae are parasites of the naso-
pharynx of birds. The primary species of minor veterinary interest is
the canary lung mite Sternostoma tracheacolum. It has been
recorded from a range of domestic and wild birds, including canaries
and budgerigars, and has been found worldwide. It is a yellowish
mite, about 0.5 mm in length, usually found in the tracheae, air sacs
and bronchi. Females give birth to live larvae. Infestation may result
in lesions, inflammation and bronchial haemorrhage. Birds may
become listless, waste away and die.

(c) Laelapidae

This family contains a number of blood-feeding species which are
parasites of rodents. Five species are common worldwide,
Hirstionyssus isabellinus, Haemogamasus pontiger, Eulaelaps
stabularis, Laelaps echidninus and Laelaps nuttalli. Adults have a
single dorsal shield.
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Ticks (Acari)

Adult Rocky Mountain wood tick, Dermacentor andersoni (from Varma,
1993).
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3.1 INTRODUCTION

The ticks are obligate, blood-feeding ectoparasites of vertebrates,
particularly mammals and birds. Ticks are arachnids, in the sub-class
Acari, closely related to the mites. They are usually relatively large
and long-lived compared to mites, surviving for up to several years.
During this time they feed periodically taking large blood meals, often
with long intervals between each meal. Tick bites may be directly
debilitating to domestic animals, causing mechanical damage,
irritation, inflammation and hypersensitivity and, when present in
large numbers, feeding may cause anaemia and reduced productivity
(see section 3.4). The salivary secretions of some tick species may
cause toxicosis and paralysis. However, ticks may also transmit a
range of pathogenic viral, rickettsial and bacterial diseases to
livestock. Hence, although the ticks are a relatively small order of only
about 800 species, they are one of the most important groups of
arthropod pests of veterinary interest.

A single family, the Ixodidae, known as the hard ticks,
contains almost all the species of tick of veterinary importance. A
second family, the Argasidae known as the soft ticks, contains a
relatively small number of species of veterinary importance. A third
family of tick, the Nuttalliellidae, contains only a single, little-known
species which is found in the nests of swallows in southern Africa.

3.2 MORPHOLOGY
3.2.1 Ixodidae

Ixodid ticks are relatively large, ranging between 2 and 20 mm in
length. The body of the unfed tick is flattened dorsoventrally and is
similar in structure to that of mites, being divided into only two
sections, the anterior gnathosoma (or capitulum) and posterior
idiosoma, which bears the legs. The terminal gnathosoma is always
visible when an ixodid tick is viewed from above.

The mouthparts of ticks are structurally similar to those of
mites (Fig. 3.1) The gnathosoma carries a pair of four-segmented
palps, which are simple sensory organs, which help the mite to locate
its host. The fourth segment of each palp is reduced and may
articulate from the ventral side of the third, forming a pincer-like
structure. Between the palps lies a pair of heavily sclerotized, two-
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Fig. 3.1 Tick mouthparts: (A) ventral view, showing toothed hypostome; (B)
dorsal view, showing the chelicerae behind the cheliceral sheaths (redrawn
from Herms and James, 1961).

segmented appendages called chelicerae, housed in cheliceral
sheaths. At the end of each chelicera is a rigid, somewhat triangular,
plate bearing a number of sclerotized tooth-like digits. The chelicerae
are capable of moving back and forth and the tooth-like digits are
used to cut and pierce the skin of the host animal during feeding.
The enlarged, fused coxae of the palps are known as the basis
capituli. The basis capituli varies in shape in the different genera,
being rectangular, hexagonal or triangular. The lower wall of the
basis capituli is extended anteriorly and ventrally to form an unpaired
median hypostome, like an underlip, which lies below the chelicerae.
The hypostome does not move, but in larvae, nymphs and adult
females is armed with rows of backwardly directed ventral teeth.
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The hypostome is thrust into the hole cut by the chelicerae
and the teeth are used to attach the tick securely to its host. As the
hypostome is inserted the palps are spread flat on to the surface of
the host’s skin. Salivary secretions contain anticoagulants and other
active compounds which promote lesion development. The large
quantity of salivary fluid produced is the principal avenue for disease
transmission in the hard ticks. As feeding commences the tick tilts its
body to an angle of at least 45° to the skin and this angle may
become steeper as feeding proceeds.

Hard ticks remain attached for several days during feeding.
For ticks with long mouthparts, attachment by the chelicerae and
hypostome is sufficient to anchor the tick in place. However, for ticks
with short mouthparts, attachment is maintained during feeding by
secretions from the salivary glands which harden around the
mouthparts and effectively cement the tick in place. Female ticks
show substantial increases in size when they engorge during feeding;
some of the larger species of Amblyomma can increase from just
under 10 mm to over 25 mm in length and increase from about 0.04 g
to over 4 g in weight. However, these impresive figures understimate
the amount of blood imbibed, because almost as soon as they start
to feed ticks begin to digest the blood meal and excrete waste
materials.

The immature stages of ticks are very similar morphologically
to the adults. The larvae, sometimes known as seed ticks, are six-
legged. Adult and nymphal ticks have four pairs of legs (see section
3.3). The region of the idiosoma which carries the legs is called the
podosoma and the region behind the legs is the opisthosoma. Each
leg is attached to the body at the coxa. The coxa may be armed with
internal and external ventral spurs, and their number, size and
shape may be important in species identification (Fig. 3.2). The coxa
is then followed by the trochanter, femur, genu, tibia and tarsus.
The legs of ticks, like those of mites, usually end in a pair of claws
and a well-developed, pad-like pulvillus. Located on the tarsi of the
first pair of legs is a pit known as Haller’s organ, which is packed
with chemoreceptor setae and used in host location.
Chemoreceptors are also present on the palps, chelicerae and
scutum.

Male ixodid ticks are usually smaller than females. Males
imbibe relatively little blood when they feed and show little increase in
size. Ixodid ticks possess a sclerotized dorsal shield or plate on the
idiosoma known as a scutum (Fig. 3.3). In males, the scutum covers
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the entire dorsal surface, whereas in females the scutum is relatively
small to facilitate the size increase which occurs during feeding. The
scutum is difficult to see in a fully engorged female. If the scutum has
a pattern of grey and white on a dark background, it is described as
ornate, if not it is described as inornate.

Ticks do not possess antennae, and when eyes are present
they are simple and are located dorsally at the sides of the scutum.
There are a number of grooves, largely on the ventral side of ticks.
The number and presence of these grooves may be important in
identification. Uniform rectangular regions on the posterior margins of
the body are known as festoons and are also separated by grooves
(Fig. 3.3).

The larvae lack stigmata and a tracheal system, and water
loss and respiration take place directly through the integument. Adult
and nymphal ticks have a pair of respiratory openings, the stigmata.
The stigmata lead to a complex branching system of tracheae (see
section 1.6.4). The stigmata are large and positioned posterior to the
coxae of the fourth pair of legs. Each is often surrounded by a
stigmatal plate which is circular or oval (Fig. 3.4).

Haller’s organ

tarsus
tibia

internal spur

genu

femur

trochanter

external spur
coxa

A B

Fig. 3.2 (A) Ventral view of the coxae and (B) segments of the leg of a
generalized ixodid tick.
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Fig. 3.3 Dorsal view of a generalized female, ixodid tick (redrawn from
Varma, 1993).

Sexual differentiation is usually not obvious in the larva and
nymph, and immature ixodids generally look like small females but
without the genital opening. In adults the genital opening, the
gonopore, is situated ventrally behind the gnathosoma, usually at
the level of the second pair of legs (Fig. 3.4). The genital apron is a
lightly sclerotized flap originating in front of and covering the genital
opening. A pair of genital grooves start at the gonopore and extend
backwards to the anal groove. The anus is also located ventrally,
usually being posterior to the fourth pair of legs. The anal groove
surrounds the anus. Adult males possess a pair of testes, and a vas
deferens extends from each testis to open through the gonopore.
Males and females are brought together, usually on the host, by
aggregation and sex-recognition pheromones. The male has no
external genitalia so, after ejecting a mass of sperm in a spherical
spermatophore, the spermatophore is grasped by the chelicerae of
the male and implanted into the female gonopore before being
pushed into the female genital tract.
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Fig. 3.4 Ventral view of a generalized male, ixodid tick (redrawn from
Varma, 1993).

3.2.2 Argasidae

In the Argasidae, the body is leathery and unsclerotized, with a
textured surface, which in unfed ticks may be characteristically
marked with grooves or folds (Fig. 3.5). The fourth segment of the
palp is the same size as the third and the palps may appear
somewhat leg-like. In nymphs and adults the gnathosoma is not
visible from the dorsal view, being located ventrally in a recess called
the camerostome. When present the eyes are positioned in lateral
folds above the legs. The stigmata of Argasidae are small and placed
anterior to the coxae of the fourth pair of legs. The integument is
inornate. There is little sexual dimorphism. Pulvilli are usually absent
or rudimentary in adults and nymphs, but may be well developed in
larvae.
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Fig. 3.5 Dorsal view of an argasid tick, Ornithodoros moubata (reproduced
from Varma, 1993).

3.3 LIFE HISTORY
3.3.1 Ixodidae

The life cycles of ixodid ticks involve four stages: egg, six-legged
larva, eight-legged nymph and eight-legged adult (Fig. 3.6). During
the passage through these stages ixodid ticks take a number of large
blood meals, interspersed by lengthy free-living periods. The time
spent on the host may occupy as little as 10% of the life of the tick.
They are relatively long lived and each female may produce several
thousand eggs.

Most hard ticks are relatively immobile and, rather than
actively hunting for their hosts, the majority adopt a ‘sit and wait’
strategy. However, a few, including some species of Hyalomma,
actively approach their host. To obtain a blood meal, field-inhabiting
ticks show a behaviour known as questing. They climb to the tips of
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Fig. 3.6 Life cycle of an ixodid tick (reproduced from Urquhart et al., 1987).

vegetation, such as grass, at a height appropriate to their host. At the
approach of a potential host the tick begins to wave the first pair
oflegs in the direction of the stimulus. The ticks detect the approach
of the host using cues such as carbon dioxide and other odours
emitted by the host, which they sense using the chemoreceptors,
particularly those packed into Haller's organ on the tarsi of the first
pair of legs. Vibrations, moisture, heat and passing shadows may
also be important cues in host recognition. Once contact is made, as
the host animal brushes past, the ticks transfer to the host, and then
move over the surface to find their preferred attachment sites, such
as the ears. Preferred sites for attachment may be highly specific to
the particular species of tick.
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The host-location behaviour of ticks represents an intrinsically
risky way of finding a host animal and many probably die without ever
feeding. To compensate for the risks involved, ticks have developed
a variety of complex life cycles and feeding strategies which reflect
the nature of the habitat which the various species of tick inhabit and
the probability of contact with an appropriate host.

For ixodid ticks, which inhabit forests and pastures where
there is a relatively plentiful supply of host animals and in habitats
where conditions are suitable for good survival during the off-host
phase, a three-host life cycle has been adopted. Larvae begin to
quest several days to several weeks after hatching, the precise time
depending on temperature and humidity. On finding a suitable host,
usually a small mammal or bird, the larvae begin to feed. Blood
feeding typically takes between 4 and 6 days. On completion of
feeding the larvae drop to the ground where, 2-3 weeks later, they
moult to become nymphs. After another interval, again which may
vary between several days and several months depending on
environmental conditions, nymphs also begin to quest for a second
host. The second host need not necessarily be of the same species
as the first. After feeding, the nymphs drop to the ground and then
moult to become aduits. Finally, after a further interval, adults begin
to quest. The third host is usually a large mammal. On their final host
females mate and then engorge. Following the final blood meal adult
females drop to the ground where they lay large batches of several
thousand eggs over a period of days or weeks. Oviposition can be
delayed for several weeks until conditions are suitable for survival of
the eggs. Adult males may remain unattached on the host animal and
attempt to mate with as many females as possible. Most ixodid ticks
have a three-host feeding strategy.

For a relatively small number of ixodid ticks, about 50 species,
which inhabit areas where hosts are scarce and in which lengthy
seasonal periods of unfavourable climate occur, two- and one-host
feeding strategies have evolved. In two-host ticks, such as
Rhipicephalus bursa, larvae locate the host, then feed, moult to
nymphal stages, feed again and then drop to the ground and mouit to
become adults. The adults then seek a second and usually larger
host on which to feed. Adults then drop to the ground, lay their eggs
and die. Where the environment and contact with the host are highly
unpredictable, one-host species such as Boophilus annulatus and
Dermacentor albipictus occur. After hatching from the egg, the larvae
of these species locate a suitable host, which is usually a large
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Fig. 3.7 A three-host feeding strategy of an ixodid tick.

herbivorous mammal. They then feed and moult to become a nymph.
There is a single nymphal stage, during which they again feed, prior
to moulting to become an adult. Finally they feed as adults, drop off
their host and females lay their eggs.

In temperate habitats, feeding and generation cycles of hard
ticks are closely synchronized with periods of suitable temperature
and humidity conditions. Ticks, particularly in the immature stages,
are very susceptible to desiccation. The cuticle is covered by a waxy
layer which is largely impermeable to water, but when ticks are active
water loss through the stigmata is more pronounced. To minimize
drying out they start questing when saturated with water and return to
the humid ground level when dehydrated. Water may also be imbibed
by drinking.
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Fig. 3.8 (A) One-host and (B) two-host feeding strategies of ixodid ticks.

3.3.2 Argasidae

Argasid, soft ticks are generally found in deserts or dry conditions. In
contrast to the hard ticks, argasid soft ticks tend to live in close
proximity to their hosts: in chicken coops, pigsties, pigeon lofts, birds’
nests, animal burrows or dens. In these restricted and sheltered
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habitats the hazards associated with host finding are reduced and
more frequent feeding becomes possible. As a result, argasids
typically have a multi-host developmental cycle. The single larval
stage feeds once, before moulting to become a first-stage nymph.
There are between two and seven nymphal stages, each of which
feeds and then leaves the host, before moulting to the next stage.
Adults mate away from the host and feed several times. The adult
female lays small batches of 400-500 eggs after each feed. In
contrast to the slow-feeding ixodids, argasid ticks feed for only a few
minutes.

3.4 PATHOLOGY

Ticks are primarily parasites of wild animals and only about 10% of
species feed on domestic animals, primarily sheep and cattle. The
effect of ticks on host species can be divided into:

e Cutaneous effects:
inflammation;
infection.

¢ Systemic effects:
transmission of micro-organisms from another host;
paralysis of the host;
bacteriaemia resulting from introduction of micro-organisms.

3.4.1 Cutaneous effects of tick feeding

At the site of a tick bite focal dermal necrosis and haemorrhage
occur, followed by an inflammatory response, often involving
eosinophils. Although a hypersensitivity reaction may be involved in
the local response, the innate inflammatory response and dermal
necrosis is sufficient to damage the hide. Tick-bite wounds can
becomeinfected with Staphylococcus bacteria, causing local
cutaneous abscesses or pyaemia. Heavy tick infestation can result in
significant blood loss, reduced productivity, reduced weight-gain and
cause restlessness. Tick-bite lesions may also predispose animals to
screwworm myiasis (see Chapter 5).
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3.4.2 Systemic effects: vectors of disease

Through their blood-feeding habits, ticks are important as vectors of
animal disease, transmitting a wide range of pathogenic viruses,
rickettsia, bacteria and protozoa. In addition, many of the major
diseases transmitted by ticks, such as the tick-borne encephalitides,
Lyme borreliosis, relapsing fevers or Rocky Mountain spotted fever,
are pathogenic to humans. Wild and domestic animals are
particularly important as reservoirs of the organisms causing these
diseases through an animal/tick/human cycle of contact.
Ticks are effective vectors because:

o they attach securely to their hosts, allowing them to be transferred
to new habitats while on the host;

o the lengthy feeding period allows large numbers of pathogens to
be ingested;

o feeding on a number of different hosts allows the transfer of
pathogens from host to host;

e many species of tick are long lived;

o females lay large numbers of eggs and therefore tick populations
have rapid potential for increase;

o if they fail to find a host they can survive for lengthy periods
without feeding;

¢ ingested pathogens may be passed from larva to nymph and
nymph to adult (transstadial) and may also be transferred from
adult females to the next generation via the ovaries (transovarial).

Louping ill

This is a tick-borne disease, caused by a flavivirus, which affects the
central nervous system of the host, leading to encephalomyelitis. It
leads to rapid death in some cases or incoordination, ataxia, torticollis
and paralysis followed by coma and death in others. Although it is
primarily a problem associated with sheep in the United Kingdom and
Ireland, where the primary vector is Ixodes ricinus, it may affect
cattle, deer, dog and man. It is maintained primarily in a sheep/tick
cycle, although ground-nesting birds, such as grouse, and rabbits or
hares may also be important reservoirs of the pathogen. However,
less than 1 in 1000 ticks usually carry the virus. The morbidity rate
amongst lambs can be greater than 50%; however, most are
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protected against infection for the first 3 months of life by antibodies
in colostrum. Lifelong immunity occurs following infection. The
disease can be a problem in adult non-immune sheep introduced into
affected areas; however, vaccination with an inactivated vaccine is
possible.

African swine fever

This is an acute, contagious viral disease caused by an unclassified
DNA virus. Originally confined to Africa, the disease spread to
Portugal, Spain, Italy and France in the 1960s, causing substantial
mortality. It may be transmitted by various species of the argasid
genus Ornithodoros, in particular Ornithodorus moubata porcinus,
and may cause high mortality in domestic pigs. Pigs initially have an
asymptomatic pyrexia followed by cutaneous blue blotches,
depression, anorexia, weakness and death. Vomiting and diarrhoea
are variable signs.

Ehrlichiosis (tick-borne fever)

The agent of tick-borne fever in sheep and cattle in western Europe
is the rickettsia-like parasite Ehrlichia (Cytocetes) phagocytophila.
The infection is characterized by recurrent pyrexia, anorexia and
lethargy. Infection in cattle can lead to respiratory distress, reduced
milk yield and abortion in the later stages of preganancy. Exposure of
naive pregnant ewes to tick-borne fever can also result in outbreaks
of abortion, followed by septic metritis. Infection of lambs leads to an
increased susceptibility to staphylococcal infections and louping ill.
Most ticks carry the parasites, hence infection may be supported by
very small tick populations.

A closely related rickettsia-like organism is Ehrlichia canis, a
parasite of wild and domestic Canidae, which may cause disease in
domestic dogs. The organism is spread by Rhipicephalus sanguineus
and causes anaemia with thrombocytopenia and leucopenia in
association with pyrexia.
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Rocky Mountain spotted fever

This is a disease caused by Rickettsia rickettsii which has been
recorded from almost every state in the USA, particularly eastern
states, as well as parts of South America. It is transmitted primarily by
the Rocky Mountain wood tick, Dermacentor andersoni, in western
states and the American dog tick, D. variabilis, in eastern states.
Vectors in the southern states (Texas and Oklahoma), Mexico and
South America are Amblyomma americanum, Rhipicephalus
sanguineus and Amblyomma cajennense, respectively. It is
particularly important as a disease of humans but may have
pathogenic significance for dogs, where it may cause fever and
lethargy.

Other spotted fevers caused by members of the rickettsia are
present in other parts of the world. In South Africa and southern
Europe R. conorii causes spotted fevers with various local names.
The vectors in South Africa responsible for speading this rickettsia
are Rhipicephalus sanguineus and Haemaphysalis leachi and the
dog is considered an important reservoir species in southern Europe.
The tick-borne R. australis causes tick typhus in Queensland,
Australia where the ixodid tick /xodes holocyclus is the likely vector.

Q fever

The causative agent of Q fever is the rickettsial parasite Coxiella
burnetii, which is enzootic in cattle, sheep and goats in many parts of
the world. It is transmitted by ixodid ticks. The organism is relatively
non-pathogenic in domestic animals but has been associated with
anorexia and abortion.

Lyme borreliosis

Lyme disease or borreliosis is a disease caused by a tick-borne
infection with the spirochaete, Borrelia burgdorferi. It is widespread in
the USA and, in recent years, has become increasingly recognized in
the UK, continental Europe, the former USSR and China. The
disease is transmitted by various species of Ixodes; I. ricinus in north-
western Europe, /. dammini in north-eastern USA, /. pacificus in
western USA, Amblyomma americanum in eastern USA (New
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Jersey), I. persulcatus in eastern Eurasia, China and Japan. In
humans the disease is multisystemic and characterized by a local
reaction (skin rash) with flu-like symptoms and subsequent
development of polyradiculoneuritis and meningitis. The infection has
been detected by serological antibody measurements in numerous
animals, including dogs, cats and cattle; however, its significance is
still unclear. In the dog clinical signs include pyrexia, lethargy,
anorexia, lymphadenopathy and lameness due to arthritis. These
signs are usually vague and, since the organism is difficult to culture
and identify from tissue samples, a definitive diagnosis is often
difficult.

Theileria

Protozoa of the genus Theileria, especially T. parva, are
economically important parasites of domestic livestock, largely cattle,
primarily in Afrotropical regions. They cause a range of diseases,
including East Coast fever — a highly pathogenic disease of cattle in
eastern Central and Southern Africa, causing high mortality in
infected stock.

Babesiosis

Protozoan babesias cause pyrexia, severe haemolytic anaemia,
haemoglobinuria and death of infected animals, particularly cattle.
These diseases may be known commonly as Redwater fever and
Texas fever. Many species of Babesia have been described, the
most important of which are:

e Babesia bovis, in Central and South America, Asia, Europe and
Australia, is spread in southern Europe by species of
Rhipicephalus and in other areas by various species of Boophilus.

e Babesia divergens, which occurs in northern Europe and is spread
by Ixodes ricinus. It causes anaemia and death in cattle.

e Babesia bigemina, which occurs in southern parts of the former
USSR and southern Europe, an important vector of which is
Boophilus microplus. It was also introduced into southern USA
from which it has since been eradicated.
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In southern Europe, Asia, South Africa and the USA, Babesia
canis causes a disease known as malignant jaundice in dogs. In
Europe it is carried by Dermacentor marginatus and Rhipicephalus
sanguineus. A vaccine for dogs against B. canis is available in
France.

Adult female ticks acquire infections during feeding which they
transfer transovarially to their progeny. Cattle are then infected by
feeding tick larvae. Calves may be protected in their first year by
antibodies received in colostrum. Various other species of Babesia
parasitize sheep (B. ovis) and horses (B. cabali and B. equi).

Bovine anaplasmosis

This is an important infection of cattle caused by the rickettsia-like
parasites Anaplasma marginale and A. centrale, which infect the
host’s erythrocytes. Although originally tropical and sub-tropical in
distribution, they now may be found worldwide. Anaplasmosis is an
acute or chronic febrile infectious disease producing anaemia and
jaundice which may result in high (30-50%) mortality in infected
animals. However, the severity of the disease depends on the age of
the host; the probability of death increasing with age. Species of
Boophilus, Rhipicephalus, Ixodes, and Dermacentor have all been
implicated as vectors.

3.4.3 Systemic effects: tick paralysis

The injection of a neurotoxin in the saliva of feeding female ticks can
cause a disease known as tick paralysis. The toxin disrupts nerve
synapses in the spinal cord and blocks neuromuscular junctions.
There are about 40 or so species that may cause tick paralysis, each
of which may possess a unique toxin. Tick paralysis is caused
primarily by Dermacentor andersoni in western North America,
Dermacentor variabilis in eastern North America and [xodes
holocyclus in Australia, /xodes ribicundus and Rhipicephalus evertsi
in South Africa. Tick paralysis results from the feeding of the female
tick and the first signs begin approximately 5 days after attachment.
In humans, paralysis of the lower limbs spreads to the rest of the
body within a few hours. Tick paralysis is an important cause of death
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amongst sheep, cattle and goats in various parts of the world,
including the USA, South Africa and Australia. Tick paralysis also
occurs in poultry associated with larval feeding of some Argas spp.

3.4.4 Other systemic effects

Tick-bite wounds may allow the entry of bacteria, especially
staphylococci, into the circulation, leading to the development of
bacteriaemia and septicaemia. This is particularly important in lambs,
where tick infestation resulting in staphylococcal bacteraemia can
cause heavy losses. The organism spreads to affect many organ
systems, including joints and the meninges of the brain and spinal
cord, producing arthritis and meningitis, respectively.

3.5 CLASSIFICATION

In general, mites and ticks are considered to belong to the sub-class
Acari, in the class Arachnida. The Acari is divided by some authors,
into two orders, the Parasitiformes and the Acariformes and this is
the form adopted here. The Parasitiformes are usually considered to
include the sub-order Metastigmata, also called the Ixodida, known
as the ticks, and the Mesostigmata (gamesid mites) which were
discussed in Chapter 2. The Parasitiformes possess 1—4 pairs of
lateral stigmata posterior to the coxae of the second pairs of legs and
the coxae usually articulate freely with the body.

There are about 800 species of Metastigmata, divided into two
major families of importance: the Ixodidae, known as the hard ticks,
of which there are about 650 species, and the Argasidae, known as
the soft ticks, of which there are about 150 species. Thirteen genera
of Ixodidae are recognized, two of which are of major veterinary
interest in temperate habitats: Ixodes and Dermacentor. Ixodes is
the largest genus of hard tick, containing 217 species, which are
widely distributed, particularly in the Old World. The genus
Dermacentor is relatively small with about 30 species, most of which
are found in the New World. A further four genera, Rhipicephalus,
Haemaphysalis, Boophilus and Amblyomma contain one or more
species of veterinary importance, and the genus Hyalomma is of
minor interest in temperate habitats.
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The family Argasidae contains four genera of which two
contain species of veterinary importance: Argas and Ofobius. The
genus Ornithodoros is of minor interest in temperate habitats and
the fourth genus, Anftricola, infests cave-dwelling bats in Central and
North America.

3.6 RECOGNITION OF TICKS OF VETERINARY IMPORTANCE

Tick identification beyond family and genus is extremely difficult. This
difficulty is exacerbated by the considerable variation that may exist
within species and the problems of identifying immature stages. The
guide presented below (modified from Varma, 1993) and the species
descriptions given in the following pages are intended as a general
guide to the ticks of veterinary interest in temperate habitats. For
more detailed descriptions of species, their immature stages and the
diseases they transmit, readers are directed to more specialist texts
at the end of this chapter.

1 Hypostome with backwardly directed barbs; stigmatal shields
present behind coxae of the fourth pair of legs or laterally
above the coxae of legs 2 or 3; stigmata without peritremes;
tarsi of the first pair of legs with a sensory pit

METASTIGMATA (IXODIDA)
Gnathosoma projecting anteriorly and visible when specimen
seen from above; scutum present, covering the dorsal surface
completely (male) or the anterior portion only (female);
stigmatal plates large, situated posteriorly to the coxae of the
fourth pair of legs IXODIDAE 2
Gnathosoma ventral and not visible when adult is viewed from
above; scutum absent; dorsal integument leathery; stigmatal
plates small, situated anteriorly to the coxae of the fourth pair
of legs; eyes, if present, in lateral folds

ARGASIDAE 11

2 Anal groove surrounding the anus distinct, both anteriorly and
posteriorly (Figs 3.10-3.12) Ixodes
Anal groove entirely posterior to the anus 3
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10

11

Eyes absent 4
Eyes present 5

Palps short and broad, about twice as wide as segment 2 with
obvious outer angulation at the base (Fig. 3.9)
Haemaphysalis

Palps wider than long or, at most, only slightly longer than
their width 6
Palps much longer than wide 10

Basis capituli usually hexagonal dorsally (Fig. 3.9); medium-
sized or small ticks, usually without colour patterns 7

Basis capituli rectangular dorsally (Fig. 3.9); large ticks with
definite colour patterns (Figs 3.13-3.15) Dermacentor

Festoons absent; stigmatal plates round or oval; anal groove

faint or obsolete 8
Festoons present; stigmatal plate with a tail-like protrusion;
anal groove distinct 9

Palps with dorsal and lateral ridges; male with normal legs
Boophilus

Basis capituli without pronounced lateral angles (Fig. 3.9);
males with ventral plates; males with coxae of fourth pair of
legs normal (Fig. 3.17) Rhipicephalus

Palps with second segment less than twice as long as third
segment (Fig. 3.9); scutum without pattern Hyalomma
Palps with second segment more than twice as long as third
segment (Fig. 3.9); scutum with pattern; male without ventral
plates (Fig. 3.18) Amblyomma

Body periphery undifferentiated, without a definite suture
distinguishing the dorsal from ventral surface 12
Body surface flattened and usually structurally different from
the dorsal surface, with a definite suture distinguishing dorsal
and ventral surface (Fig. 3.19) Argas
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12 Adult integument is granular; hypostome vestigial; nymphal
integument spiny; hypostome well developed (Fig. 3.20)

Otobius
Adult and nymph integument leathery; hypostome well
developed Ornithodoros

3.7 IXODIDAE
3.7.1 Ixodes

Ixodes is the largest genus in the family Ixodidae, with about 250
species. They are small, inornate ticks which do not have eyes or
festoons (Fig. 3.10). The mouthparts are long and are longer in the
female than male. The fourth segment of the palps is greatly reduced
and bears chemoreceptor sensilla. The second segment of the palps
may be restricted at the base, creating a gap between the palp and
chelicerae (Fig. 3.9). Males have several ventral plates which almost
cover the ventral surface. /xodes can be distinguished from other
ixodid ticks by the anterior position of the anal groove (Fig. 3.11). In
other genera of the Ixodidae the anal groove is either absent or is
posterior to the anus.

Fig. 3.9 Diagrammatic dorsal view of the gnathosoma of seven genera of
ixodid ticks (from Varma, 1993). (A) Ixodes, (B) Hyalomma, (C)
Dermacentor, (D) Amblyomma, (E) Boophilus, (F) Rhipicephalus and (G)
Haemaphysalis.
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Ixodes ricinus

The European sheep tick or castor bean tick, /xodes ricinus, is an
ectoparasite of major concern to farmers and veterinarians
throughout northern and central Europe.

Morphology: adults are red-brown but females appear light grey when
engorged. Males are about 2.5-3 mm in length and all four pairs of
legs are visible. Unfed females are about 3—4 mm in length and up
to 10 mm in length when engorged. The posterior internal angle of
the coxa of the first pair of legs bears a spur which overlaps the coxa
of the second pair of legs (Fig. 3.11). The tarsi are of moderate
length (0.8 mm in the female and 0.5 mm in the male) and tapering
(Fig. 3.12).

Life cycle: Ixodes ricinus is a three-host tick and its life cycle from egg
to adult takes 3 years. Adult females lay 1000—2000 eggs in the soil.
These hatch in the summer and larvae feed for the first time the
following summer. Larvae are about 1 mm long, are yellowish in
colour and have only three pairs of legs. Larvae feed for 3-5 days
then drop back on to the vegetation where they digest their blood
meal and moult to become nymphs. Nymphs are about 2 mm long,
resemble the adults and have four pairs of legs. The nymphs begin to
seek a new host after about 12 months, again feeding for 3-5 days,
before dropping off the host and moulting into the adult stage. Twelve
months later adults begin to quest. Once they have located a host
they feed for about 2 weeks, during which time they also mate. After
dropping to the ground females lay their eggs. Hence, during their 3-
year life, /. ricinus are only parasitic for about 3 weeks.

Immature stages will feed on any vertebrates, but are most
commonly found on rodents or birds, whereas adults will only feed on
large mammals, such as sheep, cattle or deer. The availability of
livestock, and patrticularly sheep, strongly determines the abundance
of ticks in most areas.

Ixodes ricinus is essentially a tick of temperate Europe. It
requires high humidity to survive, generally above 80%, and the
patterns of feeding activity reflect this requirement. In general,
feeding activity is most pronounced in April and May. Ticks begin to
quest when temperatures rise above a critical threshold of about 7°C.
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Fig. 3.10 Adult Ixodes ricinus in dorsal view, (A) male and (B) female
(reproduced from Arthur, 1963).

This is followed by a short period of questing activity, lasting up to 8
weeks. Adults and nymphs start questing earlier than larvae.
However, the duration of the active questing phase can be
considerably shorter or longer, depending on the nature of the
habitat. The high humidity requirements prevents them being active
in summer, and ticks that fail to feed in spring desiccate and do not
survive over summer. However, the precise pattern of seasonal
activity is highly variable and is strongly influenced by life-cycle stage,
habitat, climate and host availability. In many parts of its range, a
proportion of the tick population feeds in August or September,
overwinters as fed ticks and moults the following summer. This is
seen particularly in the west of Britain.

As a result of its requirement for high humidity, in general, /.
ricinus is associated with areas of deciduous woodland containing
small mammals and deer. However, in areas with sufficient rainfall
large populations may occur in moorland and meadows with rough
grazing, where the majority feed on livestock.
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Pathology: feeding /. ricinus are often found around the ears, eyelids
and lips of dogs, cats, sheep and lambs. In cattle they are often
found in the axilla and around the udder. The feeding sites may
become inflamed and infected with Staphylococcus bacteria causing
pyaemia. Direct effects of blood feeding may also cause anaemia.
Ixodes ricinus is a vector of louping-ill virus of sheep, Lyme
borreliosis and ehrlichiosis (tick-borne fever) of cattle. It also transmits
the protozoan Babesia divergens which causes Redwater fever in
cattle and sheep in western Europe.

Ixodes hexagonus

The hedgehog tick, /xodes hexagonus, is widely distributed
throughout Europe and north-west Africa.

Morphology: adults are red-brown, with legs that appear somewhat
banded in colour. The scutum is broadly hexagonal (hence the name
hexagonus) and, like /. ricinus, the coxae of the first pair of legs also
bears a spur. However, the spur is smaller and does not overlap the

Fig. 3.11 Ventral view of the coxae of adult male (A) Ixodes ricinus, (B)
Ixodes hexagonus and (C) Ixodes canisuga (reproduced from Arthur, 1963).
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coxa of the second pair of legs (Fig. 3.11). When engorged the
female may be up to 8 mm in length. Males are about 3.5—4 mm in
length. The tarsi are long (0.8 mm in the female and 0.5 mm in the
male) and sharply humped apically (Fig. 3.12).

Life history: this species is a three-host tick adapted to live with hosts
which use burrows or nests. It is primarily a parasite of hedgehogs
but may also be found on dogs and other small mammals. The life
cycle is similar to that of /. ricinus: egg, hexapod larva, octopod
nymph and adult, occurring over 3years. All life-cycle stages feed on
the same host for periods of about 8 days. After dropping to the
ground adult females produce 1000-1500 eggs over a period of 19—
25 days before death. The ticks may be active from early spring to
late autumn, but are probably most active during April and May.

Pathology: this species is occasionally found on dogs and cats,
where adult females attach themselves behind the ears, on the jaws,

neck and groin. Apart from localized dermatitis and the risk of wound
infection, further adverse effects are unrecorded.

A B C

SRy

X

Fig. 3.12 The tarsi of adult male (A) Ixodes ricinus, (B) Ixodes hexagonus
and (C) Ixodes canisuga (reproduced from Arthur, 1963).
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Ixodes canisuga

The dog tick or Ixodes canisuga is found throughout Europe, possibly
as far east as Russia.

Morphology: the adults are small and paler in colour than /. ricinus,
usually being yellowish brown. Females are about 2 mm in length
when unfed and up to 8 mm in length when full engorged. Females
have no coxal spur and in males the spur is extremely small (Fig.
3.11). The tarsi are of moderate length (0.6 mm in the female and
0.35 mm in the male) and are broad with prominent subapical humps
(Fig. 3.12).

Life cycle: this tick is adapted to life in a lair or a den. It may feed on
a variety of hosts, including foxes and dogs. The life cycle is similar to
that of /. ricinus: egg, hexapod lava, octopod, nymph and adult, and
takes 3 years. Mating takes place in the den and adult males are only
rarely found on the host. Adult females lay relatively small numbers of
eggs, probably about 400.

Pathology: infestation may cause dermatitis, pruritus, alopecia and
anaemia but it is not an important vector of disease. It may be a
particular problem in packs of dogs in kennels.

Other Ixodes species of veterinary interest

e /xodes holocyclus, which occurs in parts of New South Wales and
coastal Queensland in Australia and /xodes rubicundus, which is
found in South Africa particularly in hill and mountain areas, are
the primary cause of tick paralysis in these areas. /xodes
holocyclus is also a vector for Coxiella burnetii (Q fever) and
Rickettsia australis (Queensland tick typhus).

o The blacklegged tick, /xodes scapularis, resembles /. ricinus, but is
found in south-eastern and south-central USA. It may inflict a
painful bite and adults may be found on a variety of large
mammals.

e Ixodes dammini is widely distributed in north-eastern USA and
Canada. Immatures are parasites of rodents, whereas white tailed
deer are the main hosts of adults. It is an important vector of Lyme
borreliosis in eastern USA.
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e The taiga tick, Ixodes persulcatus, is morphologically very similar
to I. ricinus, but the female adult has a straight or wavy genital
opening rather than arched as in /. ricinus. It has a similar life
history to /. ricinus, although it has a more easterly distribution,
being widespread throughout eastern Europe, Russia and as far
east as Japan. /xodes persulcatus is a major vector of the human
diseases Russian spring—summer encephalitis virus and Lyme
borreliosis.

3.7.2 Dermacentor

Ticks of the genus Dermacentor are medium-sized to large ticks,
usually with ornate patterning. The palps and mouthparts are short
and the basis capituli is rectangular (Fig. 3.9). Festoons and eyes
are present. The coxa of the first pair of legs is divided into two
sections in both sexes. Most species of Dermacentor are three-host
ticks, but a few are one-host ticks. The males lack ventral plates and,
in the adult male, the coxa of the fourth pair of legs is greatly
enlarged. The genus is small with about 30 species, most of which
are found in the New World.

Dermacentor variabilis

The American dog tick, Dermacentor variabilis, is particularly
abundant in central and eastern states of the United States of
America although its range may extend as far north as Canada.

Morphology: Dermacentor variabilis is an ornate tick, with a base
colour of pale brown and a grey colour pattern (Fig. 3.13). Males are
about 3—4 mm in length and females about 4 mm in length when
unfed and 15 mm in length when engorged. The mouthparts are
short. The basis capituli is short and broad (Fig. 3.9). The coxae of
the first pair of legs have well-developed external spurs.

Life cycle: Dermacentor variabilis is a three-host tick. Adults are
important parasites of wild and domestic carnivores. Adult females
feed for 1-2 weeks, during which time mating occurs on the host.
Females then drop to the ground where they lay approximately 4000—
6500 eggs. After about 4 weeks the eggs hatch and larvae begin to
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Fig. 3.13 Adult Dermacentor variabilis: (A) dorsal view of female, (B) dorsal
view of male (reproduced from Arthur, 1962).

quest. Larvae feed for about 4-5 days, before dropping to the ground
and moulting. Nymphs feed for about 5-6 days, before leaving the
host. The larvae and nymphs usually feed on small rodents. Under
favourable conditions, the life cycle from egg to adult may take only 3
months.

Pathology: Dermacentor variabilis is a common parasite of dogs and
may cause tick paralysis. It occasionally parasitizes cattle and may
transmit bovine anaplasmosis. It is also an important vector of
Rickettsia rickettsii (Rocky Mountain spotted fever) in the USA.

Dermacentor andersoni
The Rocky Mountain wood tick, Dermacentor andersoni, is widely

distributed throughout the western and central parts of North America
from Mexico as far north as British Columbia.
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Morphology. Dermacentor andersoni is an ornate tick, with a base
colour of brown and a grey pattern (Fig. 3.14). Males are about 26
mm in length and females about 3-5 mm in length when unfed and
10-11 mm in length when engorged. The mouthparts are short. The
basis capituli is short and broad (Fig. 3.9). The legs are patterned in
the same manner as the body. The coxae of the first pair of legs
have well-developed external and internal spurs.

Life cycle: it is a three-host tick. Adults feed largely on wild and
domestic herbivores. Mating takes place on the host, following which
females lay up to 6500 eggs over about 3 weeks. The eggs hatch in
about 1 month, and the larvae begin to quest. Larvae feed for about
5 days, before dropping to the ground and moulting to the octopod
nymphal stage. Larvae and nymphs feed largely on rodents. One-
and two-year population cycles may occur. Eggs hatch in early spring
and individuals that are successful -in finding hosts pass through

Fig. 3.14 Adult Dermacentor andersoni: (A) dorsal view of female; (B) dorsal
view of male (reproduced from Arthur, 1962).
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their larval stages in spring, their nymphal stages in late summer and
then overwinter as adults in a 1-year cycle. Nymphs that fail to feed,
overwinter and form a spring-feeding generation of nymphs the
following year. Unfed nymphs may survive for up to a year.
Dermacentor andersoni is most common in areas of scrubby
vegetation, since these attract both the small mammals required by
the immature stages and the large herbivorous mammals required by
the adults.

Pathology: in cattle, Dermacentor andersoni may cause tick paralysis,
particularly in calves, and may be responsible for the transmission of
bovine anaplasmosis, caused by Anaplasma marginale. It is also the
chief vector of Rickettsia rickettsii (Rocky Mountain spotted fever) in
western USA.

Dermacentor albipictus

Known as the winter tick or elk, moose or horse tick, Dermacentor
albipictus is found widely distributed across much of North America
from northern Mexico to Canada.

Morphology: similar to D. variabilis and D. andersoni, D. albipictus is
an ornately patterned species with short mouthparts and a
rectangular basis capituli. In the adults of both sexes the coxa of the
first pair of legs has an enlarged spur (bidentate).

Life cycle: Dermacentor albipictus is a one-host tick. It feeds only in
winter, usually between October and March/April, on horses, deer
and related large mammals. Eggs hatch in 3—6 weeks and the larvae
remain inactive until autumn, following which they begin to quest.
Feeding and moulting occur on the same host animal and adult
females mature about 6 weeks after initial larval attachment. Adult
females drop off the host and lay their eggs the following spring.

Pathology: Heavy infestations with D. albipictus may cause death
from anaemia and it may be a vector of Rickettsia rickettsii (Rocky
Mountain spotted fever).



Ixodidae 127

Fig. 3.15 Dorsal view of the gnathosoma and scutum of adult female (A)
and male (B) Dermacentor reticulatus (reproduced from Arthur, 1962).

Dermacentor reticulatus

This species occurs in many parts of western Europe, extending
eastwards to Kazakhstan, particularly in wooded areas.

Morphology: both sexes are ornate, white with variegated brown
splashes (Fig. 3.15). In the adult female the ornate scutum is about
1.6 mm in length. In the adults of both sexes the coxa of the first pair
of legs has an enlarged spur (bidentate). The other coxae have short
internal spurs that become progressively smaller in legs 2—-4. The
coxae of the fourth pair of legs are large with a narrow tapering
external spur.

Life cycle: Dermacentor reticulatus is a three-host species. Adults
parasitize larger domestic and wild mammals, cattle, horses, sheep,
goats and pigs. Copulation takes place on the host. Females feed for
9-15 days. Oviposition may last 6—25 days, during which a female
may produce 3000-4500 eggs. Nymphs hatch from the egg after
about a month and within about 2 weeks begin questing. The feeding
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activity of nymphs can last from midsummer to late autumn. Immature
stages feed on a variety of small mammals, such as small rodents
and carnivores, and occasionally birds.

Pathology: it is particularly important as an ectoparasite of cattle and
may be found along their backs in early spring. It transmits Babesia
infections to cattle, horses, sheep and dogs.

Other Dermacentor species of veterinary interest

e The distribution of Dermacentor marginatus in western Europe is
similar to that of D. reticulatus, although it has not been recorded
from the UK. It is found in lowland mixed and deciduous forest
areas. It is a vector of the Russian spring—summer encephalitis
virus and of Siberian tick typhus.

e Dermacentor silvarum and Dermacentor nuttalli may be important
ectoparasites in Eurasia, with D. silvarum being more common in
the west and D. nuttalli in the east.

e Dermacentor occidentalis, the Pacific Coast tick, is found in the
south-western states of the USA, where adults may be found on
larger domestic animals. It may be a vector of bovine
anaplasmosis.

3.7.3 Haemaphysalis

Ticks of the genus Haemaphysalis inhabit humid, well-vegetated
habitats in Eurasia and tropical Africa. They are three-host ticks, with
the larvae and nymphs feeding on small mammals and birds and
adults infesting larger mammals and, importantly, livestock. Most
species of the genus are small, with short mouthparts and a
rectangular basis capituli (Fig. 3.9). There are about 150 species,
found largely in the Old World, with only two species found in the
New World.

Haemaphysalis punctata

This species is widely distributed throughout Europe, Scandinavia,
North Africa and central Asia.
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Morphology. Haemaphysalis punctata is a small, inornate tick, with
festoons, no eyes and short mouthparts (Fig. 3.16). Sexual
dimorphism is not pronounced. The adults of both sexes are about 3
mm in length, the female reaching about 12 mm in length when
engorged. The basis capituli is rectangular, about twice as broad as
long. The sensory palps are short and broad, with the second
segment extending beyond the basis capituli. The males have no
ventral shields. The anal groove is posterior to the anus. The coxae
of the first pair of legs have a short, blunt internal spur, which is also
present on the coxae of the second and third pair of legs and which
is enlarged and tapering on the coxae of the fourth pair of legs,
particularly in the male where the spur may be as long as the coxa

(Fig. 3.16).
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Fig. 3.16 Dorsal view of the gnathosoma and scutum of adult female (A)
and male (B) Haemaphysalis punctata. (C) Ventral view of the coxae of an
adult male (reproduced from Arthur, 1963).
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Life cycle: Haemaphysalis punctata is a three-host tick, feeding once
in each of the larval, nymphal and adult life-cycle stages. After each
feed it drops from the host. Engorgement on the host may take 6-30
days to complete and each female lays 3000-5000 eggs. Large
mammals, particularly cattle and sheep, are the preferred hosts for
adults. Larvae and nymphs are more commonly found on small
mammals and birds.

Pathology. in southern England and Wales H. punctata may be
responsible for the transmission of Babesia major in cattle and B.
motasi in sheep; in other areas of Europe it transmits B. bigemina in
cattle, B. motasi in sheep and Anaplasma marginale and A. centrale
in cattle. It may also cause tick paralysis.

Other Haemaphysalis species of veterinary interest

e The rabbit tick, Haemaphysalis leporispalustris, is widely
distributed throughout South and North America, as far north as
Alaska. It is only occasionally found on domestic animals.

e The bird tick, Haemaphysalis chordeilis, occurs on game birds and
poultry in North America, and may occasionally be found on cattle.

o The yellow dog tick, Haemaphysalis leachi, is common in Africa
and parts of Asia.

e Haemaphysalis bispinosa may cause problematic infestation of
cattle and other domestic animals in New Zealand.

3.7.4 Rhipicephalus

The genus is composed of about 60 species, all of which were
originally endemic to the Old World and, for the most part, distributed
throughout sub-Saharan Africa. However, many species have now
been introduced into a range of new habitats worldwide. The basis
capituli is hexagonal (Fig. 3.9) and, in the male, paired plates are
found on each side of the anus. They infest a variety of mammals but
seldom birds or reptiles. Most species are three-host ticks but some
species of the genus are two-host ticks. The only species of
veterinary interest in temperate habitats is Rhipicephalus sanguineus.
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Rhipicephalus sanguineus
The brown dog tick, Rhipicephalus sanguineus, is found worldwide.

Morphology: yellow, reddish or blackish brown ticks with hexagonal
basis capituli and short mouthparts. They are usually inornate with
eyes and festoons present (Fig. 3.17). Unfed adults may be 3-4.5
mm in length, but size is highly variable. The coxa of the first pair of
legs has a large external spur (bifurcate). The legs may become
successively larger from the anterior to the posterior pair. The tarsi of
the fourth pair of legs possess a marked ventral tarsal hook (Fig.
3.17).

Life cycle: Rhipicephalus sanguineus is a three-host tick with a wide
host range. However, it is particularly associated with dogs. Eggs are
deposited in the cracks of kennel walls or other areas used frequently
by dogs. Larvae hatch from the egg within 20-30 days and begin to

Fig. 3.17 Dorsal view of the gnathosoma and scutum of adult female (A)
and male (B) Rhipicephalus sanguineus. (C) Ventral view of the coxae and
trochanters of an adult male. Tarsi and metatarsi of the fourth pair of legs of
an adult male (D) and female (E) (reproduced from Arthur, 1962).
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quest shortly after. Larvae, nymphs and adults may infest the same
host. It survives protected within the domestic environment; without
such protection it would not be able to survive in temperate habitats.

Pathology: on dogs Rhipicephalus sanguineus is often found in the
ears and between the toes. It is a vector of Babesia canis, causing
haemolytic anaemia and jaundice in dogs. It transmits East Coast
fever among cattle and the virus of Nairobi sheep disease in East
Africa. It is also a vector of Rocky Mountain spotted fever in some
areas of the USA and Mexico.

3.7.5 Boophilus

This small genus contains only five species which are often known as
‘blue ticks’. They are one-host ticks and are found predominantly in
tropical and sub-tropical habitats. The only species of veterinary
interest in temperate habitats is Boophilus annulatus.

Boophilus annulatus

The cattle tick or cattle fever tick, Boophilus annulatus, is thought to
have originated in central and southern Europe and been introduced
into North America, where it is now confined to southern states.

Morphology: Boophilus annulatus is a small, inornate tick with simple
eyes but no festoons. Unfed adults may be only 2 or 3 mm long.
The basis capituli is hexagonal dorsally (Fig. 3.9). The mouthparts
are short.

Life cycle: it is a one-host tick which feeds primarily on cattle, though
horses, sheep, goats and deer may also act as hosts. From larva to
adult takes approximately 18-20 days. Mating takes place on the
host. The engorged female then drops to the ground to oviposit
2000-3000 eggs. The entire life cycle may be completed in as little
as 6 weeks and between two and four generations may occur per
year, depending on climate.

Pathology: it is an important vector of Texas cattle fever caused by
Babesia bigemina and B. bovis.
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Other Boophilus species of veterinary interest

e Boophilus microplus, the tropical or southern cattle tick, is widely
distributed in the southern hemisphere and the southern states of
the USA. It is a one-host tick which parasitizes cattle and other
herbivores. It is an important vector of bovine babesiosis.

3.7.6 Amblyomma

Members of this genus are large, often highly ornate, ticks with long,
often banded, legs. Unfed females may be up to 8 mm in length and
when engorged may reach 20 mm in length. Eyes and festoons are
present. Males lack ventral plates. They have long mouthparts with
which they can inflict a deep, painful bite which may become
secondarily infected. There are about 100 species of Amblyomma,
largely distributed in tropical and sub-tropical areas of Africa.
However, one important species is found in temperate North America.

Fig. 3.18 Dorsal view of the gnathosoma and scutum of adult female (A)
and male (B) Amblyomma americanum (reproduced from Arthur, 1962).
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Amblyomma americanum

The lone star tick, Amblyomma americanum, so called because of a
single white spot on the scutum of the female, is widely distributed
throughout central and eastern USA.

Morphology: the female is reddish brown in colour. On the scutum
are two deep parallel cervical grooves and a large pale spot at its
posterior margin (Fig. 3.18). The male is small with two pale
symmetrical spots near the hind margin of the body, a pale stripe at
each side and a short oblique pale stripe behind each eye. In both
sexes, coxa | has a long external spur and a short internal spur.

Life cycle: it is a three-host tick. Larvae and nymphs feed on rodents,
rabbits and ground-inhabiting birds. Adults feed on larger mammals
such as deer, cattle, horses and sheep. Feeding larvae, nymphs and
adults are active between early spring and late summer in distinct
periods corresponding with the feeding activity of each stage. There
is usually a single generation per year. It is particularly common in
wooded areas.

Pathology. Amblyomma americanum is an important vector of
Rickettsia rickettsii (Rocky Mountain spotted fever) and Francisella
tularensis (tularaemia). It has also been implicated as a vector of
Borrelia burgdorferi (Lyme disease) in New Jersey. Infestation has
been shown to reduce weight gain in cattle, particularly Hereford
steers.

Other Amblyomma species of veterinary interest

The Gulf Coast tick, Amblyomma maculatum, is found in southern
and central states of the USA, Mexico and South America. Larvae
and nymphs feed on small mammals and ground-nesting birds.
Adults feed on cattle, horses, sheep and carnivores. It is a three-host
species with long mouthparts which causes major problems in
livestock because of its painful bite and the large quantity of blood
removed. Its feeding can cause deformity of the ear in cattle, known
as ‘gotch ear'.
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3.7.7 Hyalomma

This is a genus of minor veterinary importance in temperate habitats.
Species of this genus are medium-sized or large ticks, with eyes and
long mouthparts. The males have ventral plates on each side of the
anus. About 20 species are found, usually in semi-desert lowlands of
central Asia, southern Europe and North Africa. They can survive
exceptionally cold and dry conditions. Adults of a number of species
parasitize domestic mammals. Hyalomma aegyptium may be
introduced on tortoises.

3.8 ARGASIDAE
3.8.1 Argas

Species of the genus are usually dorsoventrally flattened, with
definite margins which can be seen even when the tick is engorged.
The cuticle is wrinkled and leathery. Most species are nocturnal and
are parasites of birds, bats, reptiles or, occasionally, small
insectivorous mammals. Species of this genus are usually found in
dry, arid habitats.

Argas persicus

The fowl tick, Argas persicus, is of considerable veterinary
importance as a parasite of poultry and wild birds. It originated in the
Palaearctic but has been introduced with chickens into most parts of
the world and is now found throughout Europe, Asia and North
America. However, in North America a number of very closely related
species Argas sanches, Argas radiatus and Argas miniatus may also
be present.

Morphology: the unfed adult is pale yellow, turning reddish brown
when fed. The female is about 8 mm in length and the male about 5
mm. The margin of the body appears to be composed of irregular
quadrangular plates or cells and the hypostome is notched at the tip
(Fig. 3.19).
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Life cycle: it is nocturnal and breeds and shelters in cracks and
crevices in poultry houses. Females deposit batches of 256—100 eggs
in cracks and crevices in the structure of a poultry house. Up to 700
eggs may be produced by a single female at intervals, each
oviposition preceded by a blood meal. After hatching, larvae locate a
host and remain attached and feed for several days. After feeding
they detach, leave the host and shelter in the poultry house structure.
Several days later they moult to become first-stage nymphs. They
then proceed through two or three nymphal stages, interspersed with
frequent nightly feeds, before moulting to the adult stage. Under
favourable conditions the life cycle can be completed in about 30
days.

Pathology: heavy infestations can kill birds through anaemia. It is a

Fig. 3.19 Female Argas reflexus: (A) dorsal and (B) ventral view
(reproduced from Arthur, 1962). Margin of Argas reflexus (C) and Argas
persicus (D). Hypostome of female Argas reflexus (E) and Argas persicus (F)
(reproduced from Arthur, 1963).
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vector of Borrelia anserina and Aegyptianella pullorum among
poultry, as well as avian spirochaetosis. This tick can undergo rapid
increases in abundance, passing through 1-10 generations per year,
particularly where birds are present all year round.

Argas reflexus

This species is known as the pigeon tick because of its close
association with this host. It is abundant in the Middle- and Near-
East, whence it has spread into Europe and most of Asia.

Morphology: the adult Argas reflexus is between 6 and 11 mm in
length and may be distinguished from the fowl tick, Argas persicus,
by its body margin, which is composed of irregular grooves, and the
hypostome, which is not notched apically (Fig. 3.19). It is reddish
brown in colour with paler legs.

Life cycle: the life cycle is similar to that of A. persicus. It is nocturnal
and during the day lives in crevices in the pigeon house or nest
material. It can withstand prolonged periods of starvation.

Pathology. heavy infestations may cause death from anaemia. It may
also transmit fowl spirochaetosis.

3.8.2 Ofobius

This small genus contains only two species: Otobius megnini and
Otobius lagophilus.

Oftobius megnini

The spinose ear tick is found through western and south-western
North America and Canada, where it originated. It has subsequently
been introduced to southern Africa and India.

Morphology. the adult body is rounded posteriorly and slightly

attenuated anteriorly. Adult females range in size from 5 to 8 mm in
length; males are slightly smaller. They have no lateral sutural line



138 Ticks

and no distinct margin to the body. Nymphs have spines (Fig. 3.20).
In adults the hypostome is much reduced and the integument is
granular.

Life cycle: Otobius megnini uses a single host, primarily cattle or
horses, but it may also attack sheep or domestic cats and dogs as
well as wild herbivores and canines. It is often associated with stables
and animal shelters. Females lay their eggs in cracks and crevices in
-the walls of animal shelters, under stones or the bark of trees.
Larvae attach to a passing host and crawl deep into the outer ear.
Here they feed and moult to first- and second-stage nymphs. From 5
weeks to several months may be spent on the host during the larval
and nymphal stages. The second-stage nymphs leave the ear and
seek the shelter of a suitably protected site where they moult to
become adult. Adults do not feed.
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Fig. 3.20 Dorsal view of nymphal Ofobius megnini and part of the
integument showing hairs and spines (reproduced from Arthur, 1962).
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Pathology: the larvae and nymphs feed in the external ear canal of
the host, producing a severe otitis externa. Affected animals present
palpation around the ears and may even develop convulsions.

Otobius lagophilus

Otobius lagophilus is an ectoparasite of rabbits in western USA and
Canada.

3.8.3 Ornithodoros

This genus includes about 90 species, almost all of which are found
in tropical and sub-tropical habitats in both the Old and New World
and are of only minor importance as parasites of domestic animals in
temperate habitats. They are nocturnal and the mouthparts are well
developed. The integument has a wrinkled pattern which runs
continuously over the dorsal and ventral surfaces. There is no distinct
lateral margin to the body, which appears sac-like. Species of this
genus are found largely in habitats such as dens, caves, nests and
burrows, and so are not normally a problem for most domestic
animals. Three species, O. hermsi (of the Rocky Mountains and
Pacific Coast of North America), O. parkeri and O. turicata (in
western states of the USA) attack rodents and are vectors of various
species of Borrelia. Ornithodoros coriaceus of south-western North
America feeds on cattle and deer, inflicting a painful bite. In parts of
Africa O. savignyi and the O. moubata species complex are important
ectoparasites of cattle and humans.
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Adult flies (Diptera)

Adult Tabanus fraternus (Diptera: Tabanidae) (from Chainey, 1993).
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4.1 INTRODUCTION

The Diptera are the true flies. The word ‘Diptera’ is derived from the
ancient Greek di pteron, meaning two winged. In most of the orders
of winged insect, adults have two pairs of wings. However, the
Diptera have only one pair, the hind pair of wings having been
reduced considerably to become small, club-like organs called
halteres.

The Diptera is one of the largest orders in the class Insecta,
with over 120,000 described species. All these species have a
complex life cycle with complete metamorphosis (see section 1.7.2).
Hence, the larvae are completely different in structure and behaviour
to the adults. As a result, dipterous flies can be ectoparasites as
larvae or adults, but they are rarely parasites in both life-cycle stages.
This chapter deals with adult dipteran ectoparasites and Chapter 5
with ectoparasitic dipteran larvae.

4.2 MORPHOLOGY

Most of the adult Diptera are relatively small, ranging from about 0.5
mm to 10 mm in length. However, there is considerable
morphological diversity within the order.

The body is divided into three tagma, the head, thorax and
abdomen. The head is large and highly mobile. It carries two well-
developed, large, compound eyes and a single pair of antennae of
variable size and structure (Fig. 4.1). In a typical antenna there are
three principal components: the basal segment, known as the
scape, which attaches the antenna to the head, the second section
known as the pedicel, and the third section, the flagellum, which is
usually long and can be made up of many sub-segments. Although
most have this basic design, the antennae can take on a wide variety
of forms and are of considerable importance in the identification and
taxonomy of Diptera.

In many dipteran species, especially in male flies, the eyes
often meet in the front. This is described as the holoptic condition.
In, other flies, particularly females, a strip of the head called the frons
separates the eyes, producing what is known as the dichoptic
condition. The top of the head commonly bears three simple eyes,
known as ocelli, arranged in a triangle, although they are absent in
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Fig. 4.1 The principal features of the dichoptic head of a. typical adult
calypterate cyclorrhaphous dipteran (reproduced from Crosskey, 1993a).

some families. In the more advanced dipteran families, there is a
conspicuous groove, or suture, which marks the position of the
ptilinum. The ptilinum is an expandable sac which these insects
inflate with haemolymph and use to burst out of the pupal case,
known as the puparium. The ptilinum may then be used to help the
newly emerged adult to tunnel out of the ground, where the pupa has
remained buried and hidden during pupation. Once the adult fly has
emerged and inflated its wings, the sac is withdrawn into the head
and the suture is closed.

The fly mouthparts are suspended below the head. The flies
are all primarily liquid feeders. The basic feeding apparatus consists
of a pair of maxillae, a pair of mandibles, the labium with terminal
labella, hypopharynx and the labrum. However, there is great
variation in their feeding habits and in the form of their mouthparts. A
small number of flies of veterinary importance have poorly developed
mouthparts; in other species there are no functional mouthparts and
the adults do not feed at all. The mouthparts of the various groups of
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Diptera of interest will be discussed in detail in their respective
sections of this chapter.

The second body section, the thorax, is composed of three
segments, the prothorax, mesothorax and metathorax, although
the segments are often largely fused and the division between them
may be difficult to see. The prothorax and metathorax are narrow and
fused to the very large mesothorax, which bears the single pair of
wings. Almost the entire surface of the thorax is formed by the
scutum of the mesothorax. The scutum is often divided into anterior
and posterior parts by a depression in the cuticle called the
transverse suture. Directly behind the scutum, the scutellum almost
always forms a well-developed convex lobe. There are two pairs of
thoracic respiratory openings called spiracles (see section 1.6.4), the
anterior (mesothoracic) pair and the posterior (metathoracic) pair.
The thorax of most species of higher Diptera possesses numerous
distinct bristles, particularly the hypopleural, achrostichal and
dorsocentral bristles, the presence or absence of which is of great
value in classification and identification (Fig. 4.2).

Fig. 4.2 The principal features of the generalized thorax of an adult
calypterate cyclorrhaphous dipteran; (A) dorsal view (B) lateral view
(reproduced from Crosskey, 1993a).
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Fig. 4.3 The veins and cells of the wings of adult Diptera: (A) typical
groundplan and (B) a typical calypterate dipteran, Calliphora vicina
(reproduced from Crosskey, 1993a).

The club-like halteres are attached to the metathorax, behind
and above the posterior spiracles. In flight the halteres vibrate with
the wings but their relatively heavy heads develop inertia and, for a
fraction of a second, continue to vibrate in the same direction when
the fly changes direction. This produces strain on the cuticle at the
base of the halteres which is detected by sensory cells. The halteres,
therefore, allow the fly to detect changes in direction and help it to
maintain straight and level flight or to judge the angle of turn.

The membranous wings have a remarkably constant species-
specific supporting arrangement of hollow, rod-like structures, called
veins. The venation is extremely important for fly classification. Six
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primary veins are recognized: costa (C), subcosta (Sc), radius (R),
media (M), cubitus (Cu) and anal vein (A). These veins may be
branched and, in places, are connected by cross veins, framing areas
of wing called cells. Cells are described as open if they reach the
wing margin and closed if they do not. The veins and cells are
designated by letters and numbers (Fig. 4.3).

Along the hind edge of the wing, close to the body, the wing
membrane usually forms three lobes (Fig. 4.3). The outer one is
known as the alula, the smaller, middie one is the alar squama (or
upper calypter) and the inner lobe is the thoracic squama (or lower
calypter). The thoracic squamae are inconspicuous in most flies but
are large in house flies and blowflies, completely covering the
halteres.

The three pairs of legs consist of five sections: coxa,
trochanter, femur, tibia and tarsus (Fig. 4.4). There are usually five
segments of the tarsus, called the tarsomeres, the last of which
carries a pair of claws. Between the claws there may be two pad-like
pulvilli surrounding a central bristle or pad, known as the empodium.
The presence or absence of these structures is important in fly
identification. For many groups of Diptera, the head, thorax and legs

B empodium

pulvillus

empodium

hanter
troc A tarsomeres

coxa

Fig. 4.4 The segments of the leg (A), and the empodium and pulvilli of aduit
brachycerran (B) and cyclorrhaphous (C) Diptera.
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bear a number of distinct bristles, the arrangement of which is also
important in fly identification.

The third body section, the abdomen, varies a great deal in
shape and size among the Diptera. The basic number of segments is
11, but the terminal segments may be greatly modified in association
with the genitalia. There are typically seven pairs of spiracles.

4.3 LIFE HISTORY

Most dipterous species are oviparous, laying small, oval eggs in
discrete batches. Egg laying is referred to as oviposition. Embryonic
development usually occurs within the egg. However, in a few
families, such as the flesh flies (Sarcophagidae), the eggs develop
and hatch in the oviduct and the female deposits newly hatched first-
instar larvae. This reproductive strategy has been extended in
families such as the sheep keds and forest flies (Hippoboscidae) and
tsetse flies (Glossinidae), where a single egg is ovulated. The larva
ecloses from the egg and is then retained and nourished in the
uterus-like oviduct until almost ready to pupariate, when it is
larviposited. This is known as adenotrophic viviparity.

The larvae are soft, legless and segmented, with a head that
is well defined in most Nematocera but much reduced in other
groups. In general, dipterous larvae need water or high humidity to
survive. Those that are not aquatic tend to live in damp or highly
humid environments, such as mud, rotting vegetation or faeces. The
larva commonly passes through 3-5 stadia before pupation. In
almost all Nematocera and Brachycera the last larval stadium sheds
its skin and transforms into a pupa in which the appendages are
externally visible; the adult escapes through a longitudinal slit in the
thoracic cuticle. The pupation of Cyclorrhapha involves the formation
of a barrel-shaped, shell-like puparium, formed from the exoskeleton
of the last larval stadium, within which the pupal stage occurs. The
adult ecloses from the puparium by pushing off a circular cap.

The adult stage is concerned primarily with mating and egg
laying. In many dipteran species adult females require a protein meal
to begin the production of yolk and mature their egg batches. These
species are described as anautogenous. Females that are able to
mature their eggs without an initial protein meal are described as
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Fig. 4.5 Life cycle of the mosquito Culex pipiens (Diptera: Culicidae). (A)
Adult ovipositing. (B) Larvae at the water surface. (C) Pupa suspended
from the water surface. (D) Adult emerging from its pupal case at the water
surface. (Reproduced from Gullan and Cranston, 1994.)

autogenous. In some species, for example species of the black fly
(Simuliidae), populations may contain a mixture of autogenous and
anautogenous individuals and the proportion of each type may
change over the course of a season. This remains a little studied
phenomenon. In laboratory cultures adult flies can live for several
weeks, sometimes maturing large numbers of egg batches.
However, extrapolation from laboratory studies is often misleading
and, in the field, the duration of adult life is more commonly in the
order of several days, particularly for males.
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4.4 PATHOLOGY

Adult flies may feed on blood, sweat, skin secretions, tears, saliva,
urine or faeces of the domestic animals to which they are attracted.
They may do this either by puncturing the skin directly, in which case
they are known as biting flies, or by scavenging at the surface of the
skin, wounds or body orifices, in which case they may be classified
as non-biting or nuisance flies.

The biting flies may cause particularly acute problems through
their blood-feeding habit and in some areas, such as parts of the
USA and Canada, populations of mosquitoes and black flies can
become so great that livestock die of acute blood loss. Biting flies
may act as biological vectors for a range of pathogenic diseases and
both biting and non-biting flies may also be mechanical vectors of
disease. Mechanical transmission may be exacerbated by the fact
that some fly species inflict extremely painful bites and, therefore, are
frequently disturbed by the host while blood-feeding. As a result, the
flies are forced to move from host to host over a short period, thereby
increasing their potential for mechanical disease transmission. The
biting activities of blood-feeding fles may also provoke
hypersensitivity reactions. In the USA approximately 50% of the
estimated annual loss in cattle production from all categories of
livestock pests can be attributed to biting flies.

The activity of both biting and non-biting species of fly may be
responsible for ‘fly-worry’ in livestock. This is the disturbance caused
by the presence and attempted feeding behaviour of flies.
Responses by the host may range from dramatic escape behaviour,
in which self-injury can occur, to less sensational movement into
shade or simply stamping and tail switching. However, all these
changes in behaviour result in reduced time spent feeding and
decreased performance. Finally, because many flies are attracted to
expired carbon dioxide, large fly populations can occasionally cause
death by suffocation after inhalation of the flies by horses, cattle and
other animals.

4.5 CLASSIFICATION

The order Diptera is most commonly divided into three sub-orders,
Cyclorrhapha, Brachycera and Nematocera and this is the
classification system that will be adopted here. However, recent work
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has suggested that the sub-order Cyclorrhapha should be replaced
as an infraorder known as the Muscomorpha, within an enlarged sub-
order Brachycera. This is known as the ‘McAlpine classification’ but is
not, as yet, generally accepted.

4.5.1 Cyclorrhapha

The Cyclorrhapha is a huge sub-order in which, in the adult, the
antennae usually have an arista, a feather- or bristle-like structure,
borne on the third antennal segment. If the arista is feather-like, it is
usually described as plumose. The palps usually have only one
segment. The pupa is formed in a puparium from which the adult
emerges by pushing off a circular cap.

The sub-order is split into two sections, the Aschiza and
Schizophora. The section Aschiza, containing families such as the
hover flies, is of little veterinary importance. Adult Schizophora have
a distinct ptilinal suture and lunule. The lunule is a small triangular
plate (sclerite) situated between the point of attachment of the
antennae and the ptilinal suture. The section Schizophora is
classified into two sub-sections, the Calypterae and Acalypterae.
Calypterate Diptera have a well-defined groove on the second
antennal segment (pedicel) and large squamae. Acalypterate Diptera
are a vast assemblage of mainly small flies; they have no groove in
the pedicel and small or poorly developed squamae. All the flies of
veterinary importance are members of the Calypterae.

The Calypterae are divided into the three super-families
Muscoidea, Hippoboscoidea and Oestroidea, all of which contain
families of veterinary importance. However, the super-family
Oestroidea contains species primarily associated with myiasis, which
will be discussed in Chapter 5. The super-families Muscoidea and
Hippoboscoidea, each contain two families of veterinary interest — the
Muscidae and Fannidae and the Hippoboscidae and Glossinidae,
respectively.

4.5.2 Brachycera
The Brachycera are small to large, stout-bodied flies with a bulbous

face and short antennae, usually composed of three basic segments.
Adults have enlarged thoracic squamae like some of the calypterate,
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cyclorrhaphous Diptera. The palps usually have two segments and
are often directed forwards. There is only one family of veterinary
importance, the Tabanidae.

4.5.3 Nematocera

Flies of the sub-order Nematocera are usually small and slender, with
long, narrow wings and long antennae composed of many articulating
segments. The palps are usually composed of four or five segments.
Following pupation, the adult fly escapes from the pupal case through
a dorsal longitudinal slit. Four of the 18 families of Nematocera are of
veterinary importance as blood-feeding ectoparasites and disease
vectors. They are the Ceratopogonidae (biting midges) the
Simuliidae (black flies), the Culicidae (mosquitoes) and the
Psychodidae (sand flies).

Order
Diptera
I 1
Sub—order Sub—order Sub—order
Nematocera Brachycera Cyclorrhapha
Series Series
Aschiza Schizophora
Family
Tabanidae
Section Section
Acalypterae Calypterae
Family Family l
- _ f ) . |
Family Simuliidae Culicidae Family Super—family Super—family Super-family
Ceratopogonidae Psychodidae Oesltroidea Hippoboscoidea Muscoidea
L L L
Family Family Family Family Family
Oestridae Sarcophagidae Calliphoridae Muscidae Fannidae
Family Family

Hippoboscidae Glossinidae

Fig. 4.6 Classification of the families of Diptera of veterinary importance.
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4.6 RECOGNITION OF FLIES OF VETERINARY IMPORTANCE

Given that there are at least 125 families and 120,000 species of
Diptera, unsurprisingly, their identification can be problematic. Some
families are very small and obscure and identification to genus or
species may require microscopic examination of the number and
position of particular setae, or examination of internal structures, such
as the male genitalia. Other families and genera can be easily
recognized. This presents something of a problem in an introductory
text such as this, since comprehensive keys are voluminous and
often difficult to use, but simplified keys leave a large margin for error
and misidentification. What follows below, therefore, is simply a
generalized recognition guide to aid in the identification of the key
families of Diptera that may be found feeding upon or associated with
livestock and domestic animals in temperate habitats. Where precise
identification is necessary, more specialist keys and the assistance of
an expert in the various dipteran groups is recommended.

4.6.1 Guide to families of adult Diptera of veterinary importance

1 Insects with one pair of wings on the mesothorax and a pair of
club-like halteres on the metathorax 2

Wingless insects; may be with or without halteres; body
clearly divided into head, thorax and abdomen; three pairs of
legs; dorsoventrally flattened; brown in colour; 5-8 mm in
length; resident on sheep, horses, deer, goats or wild birds
(Fig. 4.14) 5

2 Antennae composed of three segments; third segment usually
with an arista (Fig. 4.1); foot with two pads (Fig. 4.4)
Cyclorrhapha 3

Antennae composed of three sections; third antennal section
enlarged and composed of 4-8 segments; palps two-jointed
with the second segment enlarged; foot with three pads; vein
R4+s forks to form a large Y’ across the wing tip (Fig. 4.19);
large, stout bodied flies with large eyes Tabanidae 12
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Antennae long, slender and composed of many articulating
segments; palps composed of 4-5 segments; small slender
flies with long narrow wings Nematocera 13

Frons with ptilinal suture (Fig. 4.1) Series Schizophora 4
Frons without ptilinal suture Series Aschiza

Second antennal segment usually with a groove (Fig. 4.1);
thoracic transverse suture strong (Fig. 4.2); thoracic squamae
usually well developed Calypterae 5

Second antennal segment usually without a groove; thoracic
transverse suture weak; thoracic squamae often vestigial
Acalypterae

Thorax broad and dorsoventrally flattened; may appear spider
or tick-like; often wingless; wings when present with venation
abnormal with veins crowded into leading half of wing (Fig.

4.14) Hippoboscidae
Wings with veins not crowded together towards the leading
edge; thorax not dorsoventrally flattened 6

Proboscis long, forwardly directed and embraced by long
palps; arista with feathery short hairs present only on dorsal
side; discal medial cell of wings characteristically ‘hatchet’
shaped (Fig. 4.15); found only in sub-Saharan Africa

Glossinidae
Discal medial cell of wings widening gradually and more or
less regularly from the base 7

Mouthparts small, usually functionless; head bulbous:
antennae small; flies more or less covered with soft hair; larval
parasites of vertebrates (see Chapter 5) Oestridae

Mouthparts usually well developed; antennae not small; flies
with strong bristles 8
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10

11

12

Hypopleural bristles present (Fig. 4.2)
Hypopleural bristles absent 1

Post-scutellum strongly developed; larval parasitoids of
insects Tachinidae

Post-scutellum weak or absent 10

Dull grey appearance; three black stripes on the scutum;
abdomen usually with chequered or spotted pattern; larval
parasites of vertebrates (see Chapter 5) Sarcophagidae

Metallic, iridescent appearance (blue-black, violet-blue,
green); larval parasites of vertebrates (see Chapter 5)
Calliphoridae

Wings with vein A, not reaching the wing edge; strong curved
A; vein the tip of which approaches A, (Fig. 4.13); aristae bare

Fanniidae
Wings with vein A; not reaching the wing edge; A, vein not
strongly curved (Fig. 4.10); aristae bilaterally plumose to the
tip Muscidae

Antennal flagellum with four segments (Fig. 4.19); wings
mottled; proboscis shorter than head

Haematopota (Tabanidae)

Antennal flagellum with five segments (Fig. 4.19); apical spurs
on tibiae are small and may be hidden by hair; wings usually
with costal region dark and a single dark broad transverse
band; proboscis shorter than head

Chrysops (Tabanidae)

Antennal flagellum with five segments (Fig. 4.19); no apical
spurs on hind tibiae; wings usually clear but may be dark or
banded; proboscis shorter than head

Tabanus (Tabanidae)
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14

15

16

17

18
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Small, hairy, moth-like flies; numerous parallel wing veins
running to the margin; wings pointed at the tip

Psychodidae 14
Not like this 15

Palps five-segmented; biting mouthparts at least as long as

head; antennal segments almost cylindrical; two longitudinal

wing veins between radial and medial forks (Fig. 4.25)
Phlebotominae

Ten or more veins reaching the wing margin 16
Not more than eight veins reaching the wing margin 17

Wing veins and hind margins of wings covered by scales (Fig.
4.24); conspicuous forward-projecting proboscis Culicidae

Wings broad; wing veins thickened at the anterior margin;
antennae not hairy; thorax humped; antennae usually with 11
rounded segments; palps long with five segments extending
beyond the proboscis; first abdominal tergite with a prominent
basal scale fringed with hairs (Fig. 4.21) Simuliidae

Wings not particularly broad, antennae hairy 18

Front legs often longer than others; median vein not forked;
(non-biting midges) Chironomidae
Front legs not longer than others; wings with median vein
forked; antennae with 14—15 visible segments; palps with five
segments; female mouthparts short; legs short and stout; two
radial cells and cross vein r-m strongly angled in relation to
media; at rest wings close flat over the abdomen (Fig. 4.23)
Culicoides (Ceratopogonidae)

4.7 CYCLORRHAPHA

All the cyclorrhaphous calypterate Diptera of veterinary interest are
divided into the three superfamilies Muscoidea, Hippoboscoidea
and Oestroidea. The Muscoidea and Hippoboscoidea, each contain
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two families of veterinary interest the Muscidae and Fannidae and
the Hippoboscidae and Glossinidae, respectively. The super-family
Oestroidea contains three families of veterinary interest, Oestridae,
Calliphoridae and Sarcophagidae, species of which are primarily
associated with myiasis and which will be discussed in Chapter 5.

There are two basic types of mouthpart seen in the
cyclorrhaphous Diptera of veterinary interest. Sponging mouthparts
are used for feeding on liquid films. Such mouthparts are found in
groups such as the house flies, blow flies and face flies. Biting
mouthparts are used for puncturing the skin and drinking blood.
They occur in groups such as the stable flies, horn flies and tsetse
flies.

In the house fly, the proboscis is an elongate feeding tube,
composed of a basal rostrum bearing the maxillary palps, a median
flexible haustellum, composed of the labium and flap-like labrum,
and two apical labella, which are modified labial palpi (Fig. 4.7).
Mandibles and maxillae are absent. The labrum and the
hypopharynx lie within the flexible anterior gutter in the labium. The
labella are sponging organs, the inner surface of which are lined by
grooves called pseudotracheae (Fig. 4.8). The grooves of the

Fig. 4.7 The head and mouthparts of an adult house fly in (A) anterior and
(B) lateral views (modified from from Harwood and James, 1979).
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Fig. 4.8 The labella and pseudotracheae of an adult house fly in (A) filtering
position and (B) direct feeding position. (C) Surface view of labella in filtering
position and (D) pseudotracheal rings. (From Graham-Smith, 1930.)

pseudotracheae are formed by rows of closely packed, curved
cuticular rods, which are C-shaped at one end but not the other (Fig.
4.8). Rods are arranged alternately so that the expanded end of one
alternates with the non-expanded end of the next rod. Between
grooves the rods are joined by a connecting membrane. The grooves
lead towards the oral aperture, known as the prestomum. When
feeding, the labella are expanded by blood pressure and opened to
expose their inner surface. They are then applied to the liquid film.
Liquid flows into and along the grooves by capillary action and then is
drawn up the food canal by muscular pumping action. At rest, the
inner surfaces of the labella are in close contact and kept moist by
secretions from the labial salivary glands.

The house fly proboscis is jointed and can be withdrawn into
the head capsule when not in use by the retraction of the rostrum.
There are a number of minute teeth surrounding the prestomum,
which can be used directly to rasp at the food (Fig. 4.8). These teeth
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may be well developed and important in the feeding of various
species of Muscidae, for example Hydrotaea irritans.

The ancestral cyclorrhaphous Diptera probably had the
sponging mouthparts as described, without mandibles and maxillae.
However, a number of species, such as stable flies and tsetse flies
have developed a blood-sucking habit and show modifications of the
basic house fly mouthparts which reflect this behaviour.

In blood-feeding Muscidae the labella have been reduced in
size and the pseudotracheae have been replaced by sharp teeth
(Fig. 4.9). The labium has been lengthened and surrounds the labrum
and hypopharynx. The rostrum is reduced and the rigid haustellum
cannot be retracted. In feeding, the teeth of the labella cut into the
skin. The entire labium and the labrum—hypopharynx, forming the
food canal, are inserted into the wound. Saliva passes down a duct in
the hypopharynx and blood is sucked up the food canal. Variations
on this general pattern range from the robust mouthparts of stable

Fig. 4.9 Mouthparts and head of a stable fly: (A) in lateral view and (B)
cross-section (reproduced from Harwood and James, 1979). (C) Proboscis
and palps of a tsetse fly (reproduced from Newstead, Evans and Potts,
1924).
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flies to the delicate mouthparts of tsetse flies.

4.7.1 Muscidae

The Muscidae is the second largest of the calypterate families, with
about 4000 species. The family contains a number of sub-families
and genera of veterinary importance, notably the genera Hydrotaea,
Musca, Stomoxys and Haematobia. Species of the latter two genera
are blood-feeders and together form the sub-family Stomoxyinae.

Musca

The genus Musca contains about 60 species, of which the
cosmopolitan house fly, Musca domestica, and the face fly, Musca
autumnalis, are of particular importance. In Africa and Oriental
regions the bazaar fly, Musca sorbens, is widespread, largely
replacing M. domestica, and in Australia the bush fly, Musca
vetustissima, which is very closely related to M. sorbens, is an
important nuisance pest of humans and livestock. All species of
Musca are liquid feeders and do not have biting mouthparts.

Morphology: female adults of M. domestica are 6—8 mm and male
adults 56 mm in length (Fig. 4.10). The thorax is usually grey with
four dark longitudinal stripes. The abdomen has a yellowish-brown
background colour with a black median longitudinal stripe. The
aristae are bilaterally plumose to the tip. The face fly, M. autumnalis,
is very similar to M. domestica in size and appearance, although the
abdomen of the female is darker and that of the male is more orange
in colour. Adult M. vetustissima, like M. sorbens, have two broad
longitudinal stripes on the thorax and the first abdominal segment is
black.

Life cycle: eggs of the house fly M. domestica are laid in animal
faeces, manure piles, garbage and other types of decomposing
organic material. Each female can produce batches of 100-150 eggs
at 3—4 day intervals throughout its life. Each egg is oval and about 1
mm in length. The larvae hatch within 12 hours. The white-coloured
larvae pass through three stadia before crawling away from their
feeding site, burrowing into the ground and pupariating to form a
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Fig. 410 (A) Female house fly, Musca domestica and (B) wing venation
typical of species of Musca, showing the strongly bent vein M ending close to
R4+s (reproduced from Croskey and Lane, 1993).

reddish-brown puparium. Under ideal conditions, M. domestica can
complete its life cycle from egg to adult in as little as 7-10 days.
However, low temperatures will greatly extend this developmental
period; at 15°C the egg-to-adult life cycle may take 45-50 days.

The face fly, M. autumnalis, congregates in large numbers
around the faces of cattle. It feeds on secretions from the eyes, nose
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and mouth as well as from blood in wounds left by other flies, such as
tabanids. It lays its eggs just beneath the surface of fresh cattle
manure, within about 15 minutes after the dung pats are deposited.
The eggs of M. autumnalis are about 3 mm in length and possess a
short respiratory stalk. Like M. domestica, the larvae pass throughout
three stadia, before pupariating to form a whitish-coloured puparium.
Summer generations require about 2 weeks to complete a life cycle.
Face flies prefer bright sunshine and usually do not follow cattle into
barns or heavy shade. Adults are strong fliers and can move between
widely separated herds. Face flies overwinter as adults, aggregating
in overwintering sites such as farm buildings.

Musca vetustissima breeds in excrement, particularly cattle
dung. The egg-to-adult life cycle is extremely rapid and may be
completed in as few as 7 days at 32-35°C. After mating and protein-
feeding, females lay batches of up to 50 eggs in crevices in fresh
dung. Adult females live for about 7-14 days, during which time they
produce about four egg batches.

Pathology: the house fly, M. domestica, is closely associated with
humans, livestock, their buildings and organic wastes. Although it
may be of only minor direct annoyance to animals, its potential for
transmission of diseases and parasites is of significance. However,
its pathological importance varies considerably, depending on the
precise circumstances in which it occurs. The free availability of
livestock or human excrement and low levels of hygiene provide sites
in which flies can breed and allow flies to act as vectors as they move
from site to site. Pathogens may be carried either on the hairs of the
feet and body or regurgitated in the salivary vomit during feeding.
Musca domestica has been implicated in the spread of mastitis,
conjunctivitis and anthrax. In humans, the house fly is important in
spread of Shigella and other enteric bacteria. Eggs and larvae of
various nematodes which affect horses such as Habronema spp. also
may be carried. The latter, when deposited in wounds, may give rise
to skin lesions of habronemiasis, commonly called ‘summer sores’ in
horses. Granulomatous nodules, which contain the nematode larvae,
appear on the skin especially around the eye, ventral abdomen,
prepuce and lower limbs.

In northern Europe, the face fly, M. autumnalis, may often be
the most numerous fly worrying cattle in pasture. In Britain this
species tends to be found in more southerly areas and, in general, is
not found north of Yorkshire. Musca autumnalis is also one of the
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most important livestock pests to invade the United States in recent
years. Its introduction into North America from Europe was first
detected in 1951 in Nova Scotia. From there it spread southward and,
by 1959, many cases were being reported on cattle. It now occurs
practically throughout the USA. The annoyance caused by the flies
results in cattle seeking shade to escape and contributes to reduced
production rates. In the USA, M. autumnalis is an important vector of
bovine keratoconjunctivitis caused by Moraxella bovis. Face flies are
also intermediate hosts of Parafilaria bovicola, the causative agent of
parafilariosis of cattle in northern Europe and elsewhere. Adults are
developmental hosts for Thelazia (Spirurata: Thelaziidae) nematodes
which live in the conjunctival sac of cattle and horses, causing
conjunctivitis, keratitis, photophobia and epiphora. This disease is an
increasing problem in the USA.

In addition to dung feeding, adults of the bush fly, M.
vetustissima will persistently attempt to feed at the mouth, eyes and
nose. As a result, they are of considerable significance as a nuisance
pest in Australia for both livestock and humans. In the absence of
native Australian dung beetles capable of disposing of the dung of
introduced cattle, the dung of these herbivores is slow to decompose,
allowing M. vetustissima ample opportunity to breed and reach large
and problematic population densities.

Hydrotaea (sweat and head flies)

Species of the genus Hydrotaea closely resemble species of Musca
and are known as the sweat flies. They feed on exudates of the eyes,
nose and mouth. They do not bite. The genus contains one
particularly important species, Hydrotaea irritans, known as the sheep
head fly, which is widespread throughout northern Europe but is not
believed to be present in North America.

Morphology: adults of H. irritans are 4—7 mm in length. The thorax is
black with grey patches. The abdomen is olive green and the base of
the wings is orange-yellow.

Life cycle: each female produces one or two batches of about 30
eggs in its lifetime. Eggs are laid in decaying vegetation, faeces or
carrion. Third-instar larvae may be predatory on other larvae. Adults
emerge in spring and there is probably only a single generation per
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year with peak numbers occurring in midsummer. Final-stage larvae
diapause overwinter. Adult flies prefer still conditions and are
associated with pastures that border woodlands or plantations.

Pathology: H. irritans females are anautogenous and require a
protein meal to mature their oocytes. They generally feed on low
protein sources such as tears, saliva and sweat. As a result, they
need to feed relatively frequently to mature their eggs. However, they
are facultative blood-feeders and will ingest blood at the edges of
wounds if available. Meal analysis shows that even when flies were
caught off sheep, almost 80% had fed on cattle. While this species
has the sponging mouthparts typical of most Muscidae, they also
have well-developed prestomal teeth, which are used for rasping and
can cause skin damage and enlarge existing lesions during feeding.
Wounds, such as those incurred by fighting rams, are particularly
susceptible to attack; swarms of flies around the head lead to intense
irritation, annoyance and can result in self-inflicted wounds.
Secondary bacterial infection of wounds is common and this may
encourage blowfly strike (see Chapter 5).

Problems caused by head fly in sheep appear to be
particularly common in northern England and Scotland. The extent of
the problem varies from year to year, depending on the prevailing
weather conditions. Incidences of 30-40% of sheep affected have
been recorded on farms in fly foci, particularly in Scotland.

in cattle, large numbers of H. irritans have been found on the
ventral abdomen and udder of cattle and, since the bacteria involved
in summer mastitis Corynebacterium pyogenes, Streptococcus
dysgalactiae and Peptococcus indolicus have been isolated from
these flies, there is a strong presumption that they may transmit the
disease.

Stomoxys (stable flies)

The genus contains about 18 species, of which the most common
species of importance in temperate habitats is Stomoxys calcitrans,
the stable fly, which is found worldwide. Stomoxys niger and
Stomoxys sitiens may replace S. calcitrans as important pests of
livestock in Afrotropical and Oriental regions. Species of this genus
have biting mouthparts and both sexes are blood-feeders.
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Fig. 411 (A) Female stable fly, Stomoxys calcitrans (reproduced from
Soulsby, 1982) and (B) wing venation typical of species of Stomoxys,
showing the slight apical forward curve of vein M (reproduced from Crosskey
and Lane, 1993).

Morphology. Stomoxys are about 7-8 mm in length and are generally
grey in colour, with four longitudinal dark stripes on the thorax (Fig.
4.11). The abdomen is shorter and broader than that of M. domestica
and is also grey with three dark spots on the second and third
abdominal segments. The projecting proboscis is sufficiently
prominent to distinguish species of this genus from species of Musca.
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The palps are small and thin and only a quarter to half of the length
of the proboscis. The eggs are about 1 mm in length and hatch in 5—
10 days, depending on temperature. The cream-coloured,
saprophagous larvae pass through three stadia until, when fully
developed at about 10 mm in length, they pupariate. The puparia are
brown and about 6 mm in length.

Life cycle: S. calcitrans may be abundant in and around farm
buildings and stables in late summer. Both sexes are blood-feeders
and often ingest small blood meals several times a day. After
feeding, flies move to a resting site, on structures such as barn walls,
fences or trees. Adults prefer strong sunlight but will follow animals
into buildings to feed. This habit accounts for the name ‘biting house
fly’ which is also applied to this insect. After the female has had a
number of blood meals, it lays its eggs in wet straw, old stable
bedding or manure. Each female can lay up to 500 eggs in batches
of 25-50. The larvae feed on vegetable matter. In warm weather the
average life cycle is 4 weeks, but it can vary from 3 to 7 weeks,
depending on temperature.

Pathology: stable flies inflict painful bites and are one of the most
annoying and destructive fly pests of cattle, horses, sheep and goats.
They are active by day and are persistent and strong fliers,
occasionally following potential hosts for considerable distances.
They mainly attack the legs and flanks. Loss of blood and
disturbance of feeding may result in a 10 to 15% loss of body weight
when stable fly populations are high. Reduction in milk production in
dairy cattle has been reported to be as high as 40-60% in some
cases. Stable flies are known to transmit equine infectious anaemia
(retrovirus) and surra among horses, and are suspected of
transmitting other diseases such as anthrax among other animails.
They may also be mechanical vectors of protozoa and may act as
intermediate hosts of the nematode Habronema.

Haematobia (horn flies)

There are two common species of Haematobia in temperate habitats,
Haematobia irritans, (sometimes incorrectly referred to as Lyperosia
irritans) known as the horn fly, which is found in Europe, the USA and
Australia, and Haematobia stimulans (sometimes referred to as



166 Adult flies

Haematobosca stimulans) which is found only in Europe. Of these
H. irritans is the most economically important. It primarily attacks
cattle, but horses in adjacent pastures may be also attacked. A third
species, Haematobia exigua (sometimes referred to as the sub-
speces Haematobia irritans exigua), known as the buffalo fly, is of
importance in the Far East and Australia.

Morphology: adult Haematobia are grey-black, blood-sucking flies
which resemble the stable fly in appearance. Adult H. stimulans are
slightly smaller that S. calcitrans, while H. irritans are substantially
smaller, at about 3—4 mm in length (Fig. 4.12). In contrast with S.
calcitrans the palps of the adults are much longer relative to the
proboscis and are club-shaped apically. In H. irritans the palps are
dark greyish whereas in H. stimulans they are yellowish in colour.

Life cycle: H. irritans adults remain on the host animal day and night,
usually congregating on the back, withers and around the head.
They will only leave the animal briefly to mate and lay eggs. In
contrast, H. stimulans is less of a resident on its host and more
closely resembles S. calcitrans in its behaviour. The reddish-brown
eggs are laid almost exclusively in fresh cattle manure. Each female

Fig. 412 Lateral views of the heads of blood-sucking Muscidae. (A)
Stomoxys calcitrans, (B) Haematobia stimulans and (C) Haematobia irritans
(reproduced from Edwards, Oldroyd and Smart, 1939).
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is capable of producing 300—400 eggs in batches of 20-30 eggs.
There are three larval stadia and pupation occurs within the dung pat.
The egg-to-adult life cycle may be completed in as little as 10-14
days. Whereas the stable fly usually rests on an animal with its head
directed upward, the horn fly faces downward.

Pathology: in North America thousands of H. irritans may be found
feeding along the back, sides and ventral abdomen of cattle. The
loss of blood due to horn flies can be considerable. In addition, during
feeding the horn fly withdraws and reinserts its mouth parts many
times, resulting in considerable irritation to the host. Horn fly wounds
may attract other flies. The feeding activity of horn flies causes
disturbance and prevents livestock from feeding normally. Heavy
attack by horn fly in the USA has been shown to be able to reduce
milk production by up to 25-50%. This species may also transmit
Stephanofilaria stilesi, a nematode skin parasite of cattle.
Haematobia spp. may also cause a periorbital and ventral ulcerative
dermatitis in horses, the lesions of which may become infected by
Habronema spp. nematodes.

The pathogenic significance of H. stimulans in Europe is not
well known. Haematobia exigua feeds primarily on buffaloes and
cattle, and like H. irritans rarely leaves the host unless disturbed.
Weight gain and milk production may be affected adversely by
infestations, which may reach densities of several thousand flies per
host.

4.7.2 Fanniidae

This family contains about 250 species, most of which occur in the
Holarctic and temperate Neotropical regions. There is a single genus
of importance Fannia.

Fannia

The genus contains over 200 species, the most important and
cosmopolitan of which is the lesser house fly Fannia canicularis. The
latrine fly, Fannia scalaris and, in North America, Fannia benjamini
may also be common. '
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Morphology: species of Fannia generally resemble house flies in
appearance but are more slender and smaller at about 46 mm in
length. Fannia canicularis is greyish to almost black in colour,
possessing three dark longitudinal stripes on the dorsal thorax. The
aristae are bare. Fannia benjamini has yellow palps, whereas F.
canicularis and F. scalaris have black palps. The larvae are easily
recognized by the flattened shape and the branched, fleshy
projections from the body (see Chapter 5). The brown-coloured
puparium resembles the larva in shape.

Fig. 4.13 (A) Male lesser house fly, Fannia canicularis and (B) wing venation
typical of species of Fannia, showing the characteristic convergence of the
anal veins (reproduced from Crosskey and Lane, 1993).
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Life cycle: Fannia breed in a wide range of decomposing organic
material, particularly the excrement of chickens, humans, horses and
cows. However, in contrast to M. domestica, the eggs and larvae of
most species of Fannia are more susceptible to desiccation. Hence,
they are more abundant in semi-liquid sites, especially pools of semi-
liquid faeces. The complete life cycle requires from 15 to 30 days.
Adults are more abundant in the cooler months of spring and autumn,
declining in midsummer. Adults of Fannia are readily attracted into
buildings and adult males are familiar as the flies responsible for the
regular triangular flight paths beneath light bulbs or shafts of sunlight
from windows in buildings.

Pathology: species of Fannia are of interest as nuisance pests of
livestock and humans, especially in caged-layer poultry facilities.
However, they rarely feed directly from animals.

4.7.3 Hippoboscidae (keds and forest flies)

Adult hippobosciids are unusual, so-called ‘degenerate’, blood-
feeding ectoparasites. They tend to be either permanent
ectoparasites or to remain with the host for most of their life. There
are about 200 species in the family. Those found on mammals are
divided into three main genera: Melophagus, Lipoptena and
Hippobosca. The most well-known and widespread species of
veterinary importance in this family is Melophagus ovinus, the sheep
ked. Originally Palaearctic in distribution, sheep keds have now been
spread worldwide with domestic sheep.

Morphology: sheep keds, M. ovinus, are biting flies which are
leathery, dorsoventrally flattened and somewhat tick-like in
appearance (Fig. 4.14A). Both sexes are completely wingless, even
the halteres are absent. They are brown in colour and 5-8 mm in
length. The abdomen is indistinctly segmented and is generally soft
and leathery. They have strong claws on their feet to help them cling
to wool and hair.

Life cycle: adults are permanent ectoparasites and feed on the blood
of sheep and, sometimes, goats. A single egg is ovulated at a time.
The egg hatches inside the body of the female and the larva is
retained and nourished within the female during its three larval
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stages, until it is fully developed and ready to pupariate. The female
fly then deposits the larva, gluing it to the animal’s hair. In 19 to 24
days from the time it was deposited an adult fly emerges, and in
another 14 days this fly can produce its first offspring. The cycle may
be longer in winter and shorter in summer. Keds that become
detached from their host can survive only for periods of up to 4 days.
The spread of sheep keds is largely through contact and the
movement of keds from ewes to lambs is an important route of
infestation.

Pathology: the irritation caused by keds makes sheep restless so
they do not feed well, resulting in loss of condition. Heavy infestations
may be more common in autumn and winter and ked populations are
lowest in summer. Long-woolled breeds may be particularly
susceptible to infestation. Shearing may remove a high proportion of
the ked population on a sheep. Inflammation leads to pruritus, biting,
rubbing, wool loss and a vertical ridging of the skin known as ‘cockle’.
Faecal staining of the wool reduces its value; heavy infestations may
lead to anaemia. The total annual devaluation of sheepskins in the
USA due to cockle is estimated at about US$4 million and the overall

Fig. 4.14 (A) Sheep ked, Melophagus ovinus, (B) louse fly, Hippobosca
rufipes; and (C) wing venation typical of species of Hippobosca, showing the
characteristic cromding of the veins into the leading half of the wings
(reproduced from Smith, 1993).
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losses in the USA due to keds are estimated to be about US$40
million per year. Keds may also infest goats.

Hippoboscidae of minor veterinary interest

e The forest fly, Hippobosca equina, known in the UK as ‘New
Forest fly’ is found worldwide. Adults are about 10 mm in length.
They have wings and a ‘shrivelled’ body. They primarily attack
horses, but may also occasionally be found on cattle. Both sexes
of adult are blood-feeders. Like the sheep ked, adult females
produce a single, fully grown larva which drops to the ground to
pupate immediately. The winged adults emerge and locate a
suitable host. Favoured feeding sites are around the perineum and
between the hind legs. This species is primarily a nuisance and a
cause of disturbance.

® The species Lipoptena cervi in Europe and, in North America,
Lipoptena depressa and Neolipoptena ferrisi are common
parasites of deer. They are of interest because, like Hippobosca
equina, the adult is winged on emergence. However, on finding a
suitable host the wings are shed. The wingless adults of L. cervi
can be distinguished from M. ovinus by the presence of the
halteres.

® Species of the genera Ornithomya, Stenepteryx, Lynchia and
Crataerina are parasites of wild birds. However, domestic birds,

with the exception of domestic pigeons, are not usually parasitized
by these flies.

4.7.4 Glossinidae (tsetse flies)

The sole genus in the family Glossinidae is Glossina, species of
which are known as tsetse flies. Tsetse are a small distinct genus of
22 species, which feed exclusively on the blood of vertebrates. They
are entirely restricted to sub-Saharan Africa and, strictly speaking
therefore, are outside the geographical remit of this book. As a result,
they will be mentioned only briefly here.
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Fig. 4.15 (A) Male tsetse fly, Glossina longipennis and (B) wing venation
typical of species of Glossina, showing the characteristic hatchet shape of
the cell dm (reproduced from Jordan, 1993).

Morphology: tsetse are narrow-bodied flies, 6—14 mm in length and
yellowish to dark brown in colour (Fig. 4.15). At rest the wings are
held, scissor-blade like, overlapping over the abdomen. In many
species the abdomen is marked with conspicuous dark lines and
patches. The proboscis is long, forwardly directed and embraced by
long palps. Each antenna has an elongated third segment with an
arista with 17-29 short hairs, present only on the dorsal side. The
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most characteristic diagnostic feature of the genus is the discal
medial cell of the wings which is described as ‘hatchet’ shaped.

Life cycle: rather like the Hippoboscidae, the form of reproduction of
tsetse is a highly specialized form of adenotrophic viviparity. The
fertilized egg is retained in the oviduct, where it hatches after about 4
days at 25°C. The larva passes through three stadia, nourished by
secretions from the highly modified accessory glands. Larviposition
occurs about 9 days after fertilization. At this stage the third-instar
larva is fully grown and ready to undergo metamorphosis.
Pupariation is initiated within 1—-2 hours of larviposition, after the
larva has burrowed into the ground. The adult fly emerges after about
30 days at 25°C. Hence, the female supplies all the requirements for
the growth and development of the larva, which usually weighs at
least as much as the mother at larviposition. Adult tsetse are
relatively long-lived, but each female produces only two or three
offspring during the course of its life. Both sexes of adult are blood-
feeders.

Pathology: tsetse flies are important because they are the primary
vectors of a number of species of the parasitic protozoan
trypanosomes which cause trypanosomiasis in humans and domestic
animals, described as sleeping sickness or Nagana, respectively.
The normal hosts of tsetse flies are African wild, large mammals and
reptiles, which experience few or no ill effects from the presence of
the trypanosomes in their blood, unless subject to stresses such as
starvation. These wild animals act as reservoirs of the disease.
When humans or domestic animals become infected, however, the
pathogenic effects of the trypanosomes are usually fatal unless
treated.

4.7.5 Cyclorrhaphous flies of minor veterinary interest
Garbage flies

Muscidae of the genus Ophyra, are small (about 5 mm in length),
shiny, black flies. They breed in refuse and animal excrement,
particularly poultry manure. The genus is distributed worldwide.
Species may occur along with M. domestica and may be an important
nuisance to livestock.
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Muscina

Muscina stabulans and Muscina assimilis are widespread throughout
the USA, Asia and Europe. Adults resemble house flies, although
they are slightly larger. Eggs are laid in livestock faeces or other
decaying material. As with house flies, species of Muscina may be
responsible for the mechanical transmission of pathogens.

Bat flies

The Nycteribiidae are spider-like, wingless insects parasitic on bats,
closely related to the Hippoboscidae (Fig. 4.16). Adults leave their
hosts to deposit their larvae on beams and walls, where they
immediately pupate. The head is greatly reduced and when at rest, is
folded back into a groove in the upper surface of the thorax.

4.8 BRACHYCERA

There is only a single family of Brachycera of major veterinary

Fig. 4.16 Adult female Nycteribia pedicularis (from Edwards, Oldroyd and
Smart, 1939).
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interest, the Tabanidae, often known as horse flies, deer flies and
clegs. Other families of Brachycera include the Stratiomyidae
(soldier-flies), Asilidae (robber flies) and Rhagionidae (snipe flies),
which feed on decaying vegetation or other small insects.

4.8.1 Tabanidae (horse flies, deer flies and clegs)

The family Tabanidae contains over 4000 species divided into 30
genera, only three of which are of major veterinary importance in
temperate habitats: Tabanus, Haematopota and Chrysops. Species
of the genus Tabanus are found worldwide; the Haematopota are
largely Palaearctic, Afrotropical and Oriental in distribution; species of
the genus Chrysops are largely Holarctic and Oriental.

Morphology: all the Tabanidae are large robust flies, up to 25 mm
long, with large, broad heads and bulging eyes (Fig. 4.17). The body
is generally dark in colour, but this can be very variable, ranging

Fig. 4.17 The horse fly, Tabanus opacus (reproduced from McAlpine,
1961).
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Fig. 4.18 Mouthparts of a tabanid (Diptera: Brachycera) (from Urquhart et
al., 1987).

from dull brown, black or grey. Some species may even be yellow,
green or metallic blue. However, the body also usually carries a
pattern of stripes or pale patches. The antennae project stiffly
forwards and consist of scape, pedicel and enlarged flagellum. The
stout legs end in three pads, because the empodium is pad-like and
similar to the pulvill. Males are holoptic and females dichoptic and
the eyes are often brilliantly coloured.

The mouthparts of the Brachycera combine the sponging
mouthparts of the Cyclorrhapha with the blood-sucking mouthparts of
a nematoceran (Fig. 4.18). However, they are less delicate than
those of the Nematocera and are short and strong, for slashing,
rasping and sponging. They are composed of a pair of mandibles
which are flat saw-like blades and a pair of maxillae which are
narrow, toothed files. Between these structures the food canal is
formed by a stout labrum and a narrow hypopharynx. These
structures lie in a groove in the anterior side of the short labium,
which bears a pair of large, fleshy sensory labella. The maxillary
palps are two-segmented.



Brachycera 1717

When a female tabanid feeds, the labella are retracted and
the closely associated labrum, mandibles and maxillae penetrate the
skin. During this process the mandibles move across each other with
a scissor-like action. Saliva, which contains an anticoagulant, is
pumped into the wound, before blood is sucked up into the food
canal. When feeding ceases and the mouthparts are withdrawn, the
labella close together, trapping a small film of blood between them.
This is important because pathogens in this blood may be protected
and survive for an hour or more. Next time the fly attempts to feed
pathogens may escape from the blood from the previous feed to
infect the new host. Mechanical transmission of pathogens is made
more likely if the fly is disturbed during its first feeding attempt and
therefore is unable to obtain a full blood meal. In this case the fly is
likely to attempt to feed again quickly, during the period when blood
pathogens remain alive.
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Fig. 4.19 Antennae of (A) Chrysops (B) Haematopota and (C) Tabanus. (D)
Wing venation of Tabanidae (reproduced from Chainey, 1993).
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The wing venation of Tabanidae is very characteristic with R4.s forked
to form a large Y’ across the wing tip (Fig. 4.19).

e Species of the genus Tabanus are the largest of the Tabanidae.
Their wings are usually clear. The antennal flagellum is composed
of five segments, with the first segment of the flagellum bearing a
horn-like projection (Fig. 4.19).

e Species of the genus Haematopota, often known as clegs, have
speckled or dark-banded wings and eyes marked with zigzag
bands. They have only four segments in the antennal flagellum
(Fig. 4.19).

o Species of Chrysops are often known as deer flies because of
their preferred habitat of woodland. They have wings often with a
single, broad, dark stripe and spotted eyes. The proboscis is not
longer than the head. The antennal flagellum has five segments
(Fig. 4.19).

The mature larvae of tabanids are greyish-white and cylindrical; they
are segmented, seven of the abdominal segments bearing eight
fleshy prolegs. The larvae breath via a posterior siphon which varies
in length between species. The head is not conspicuous and bears a
pair of three-jointed antennae. The pupae are usually brown and
cylindrical, with conspicuous head, leg and wing sheaths and visible
thoracic and abdominal segments.

Life cycle: in general, the larvae of Tabanidae are found in wet mud
at the side of rivers or lakes, or in pockets of wet soil in meadows or
forests. Eggs are laid in large masses, containing from 100 up to
1000 eggs, on stems of aquatic plants or vegetation overhanging
water. After hatching, the first-stage larva moves to the surface of the
damp substrate and quickly moults. The second-stage larva remains
at the surface before moulting again and then begins to burrow into
the substrate where it will remain for many months. The larvae of
Chrysops may feed on decaying vegetable debris, while those of
Haematopota and Tabanus are carnivorous. Most larvae require
periods of several months to several years to complete development,
during which time they pass through between 6 and 13 stadia.
Pupation takes place close to, or within, dryer parts of the substrate.
Most temperate species have only a single generation per year and
adults live for 2—4 weeks.
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Adults are strong fliers and are usually diurnal. Both sexes
feed on nectar and, in most species, females are also
haematophagous and feed on a wide range of hosts.

Pathology: tabanids feed primarily on large mammals and
occasionally birds. The flies stay on animals only long enough to
feed. The bites of these flies are deep and painful and may cause
considerable disturbance. In the USA studies have shown that 20 to
30 flies feeding over a period of 6 hours may take approximately 100
ml of blood. The activities of flies may also reduce milk yields
substantially. In 1976, estimated losses in the USA due to tabanids
were US$40 million. Tabanids may also be important mechanical
vectors of anthrax, pasteurellosis, equine infectious anaemia
(retrovirus), hog cholera (pestivirus), tularaemia, trypanosomiasis and
anaplasmosis.

In northern Europe, the dull-grey Haematopota pluvialis,
sometimes called a cleg, is probably the most well known, being a
persistent species with a painful bite. In North America, the most
important representative of this genus is Haematopota americanus,
which occurs from Alaska to New Mexico. In eastern states of North
America, Tabanus atratus is the widespread black horse fly; Tabanus
lineola and Tabanus similis are also annoying pests. In the west,
Tabanus punctifer is an important pest as is Tabanus sulcifrons in the
midwest. Tabanus quinquevittatus and Tabanus nigrovittatus are well
known in North America as ‘greenheads’. Chrysops discalis is
thought to be a vector of Pasteurella in the USA.

4.9 NEMATOCERA

Flies of the sub-order Nematocera are usually small, slender and
delicate with long, filamentous antennae composed of many
articulating segments. The wings are often long and narrow, with
many branching veins. The palps are usually pendulous, though not
in mosquitoes, and usually are composed of four or five segments.
Following pupation, the adult fly escapes from the pupal case through
a dorsal longitudinal slit.

The mouthparts or proboscis of Nematocera are considerably
modified (Fig. 4.20). The labium, which is more delicate than seen in
the Cyclorrhapha or Tabanidae, forms a protective sheath for the
other mouthparts, known collectively as the stylets, and ends in two
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Fig. 4.20 Mouthparts of a mosquito (Diptera: Nematocera). (A) Frontal view
(reproduced from Gullan and Cranston, 1994). (B) Transverse section
(reproduced from Service, 1993).

small, sensory labella. Inside the labium lies the labrum which is
curled inwards to the edges so that it almost forms a complete tube.
The gap in the labrum is closed by the very fine paired mandibles to
form a food canal. Behind the mandibles lies the slender
hypopharynx, bearing the salivary canal, and behind this are the
paired maxillae (laciniae) (Fig. 4.20). Both the mandibles and
maxillae are finely toothed towards their tips. At the base of the
mouthparts are a single pair of sensory maxillary palps.

The structure of these mouthparts is essentially similar in all
families of blood-feeding Nematocera (Ceratopogonidae, Simuliidae,
Culicidae and Phlebotominae). However, they are greatly elongated
in the mosquitoes. When a female mosquito feeds, the labella test
the surface of the skin and select a suitable location. The labrum,
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mandibles, maxillae and hypopharynx are then thrust into the skin,
while the labella rest on the surface with the labium bending
backwards, like a snooker or pool cue going through a player’s hand
rest. Saliva is pumped down the middle of the hypopharynx to cause
local vasodilation and blood is sucked up the food canal by two
muscular pumps. The shorter, more robust mouthparts of the other
blood-feeding Nematocera allow them only to puncture the skin
surface and then feed from the accumulating pool of blood. Most
nematocerous males do not feed on blood and have either poorly
developed or non-functional mouthparts.

4.9.1 Simuliidae (black flies)

The members of the nematoceran family Simuliidae are known as
black flies or buffalo gnats. There are more than 1500 known species
in 19 genera distributed worldwide. Only the single large genus
Simulium is of significant economic veterinary importance in
temperate habitats. They feed on the blood of cattle, horses, sheep,
goats, poultry, other livestock, wild mammals and birds.

Morphology: the adults are small, 1-5 mm in length, with squat
bodies and a characteristic humped thorax with broad wings (Fig. 4.
21). The antennae are shorter than in most other nematocera, usually
with 11 rounded segments. The palps are conspicuously long with
five segments and extend beyond the proboscis. Females are
dichoptic and males holoptic but with characteristic enlarged
ommatidia in the upper part of the eye. The description ‘black fly’ can
be somewhat misleading because, while the adults are often black,
the colouration may vary between black, grey or even dark yellow.
The wings are short and broad, with a large anal lobe, and have
veins which are thickened at the anterior margin of the wing. The first
abdominal tergite is modified to form a prominent basal scale, fringed
with fine hairs.

Life cycle: females deposit their eggs in sticky masses or irregular
strings of 150-600 eggs. Batches are usually laid on partially
submerged stones or vegetation in flowing water. The eggs hatch in
6-12 days. The newly hatched larva spins a silken thread from its
salivary glands and uses this to assist it to drift downstream in search
of a suitable place to settle. Once an appropriate site has been
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located, on stones or stems close to the surface, the larvae spin a
patch of silk and attach themselves to the silk by their posterior
suckers. The larvae remain in areas of fast-flowing current, since they
require highly oxygenated water to survive. In deoxygenated water,
the larvae detach from their silken pads and drift downstream.

The larvae of most species of Simulium possess a pair of
mouth brushes which are used to filter small food particles, such as
bacteria, algae and detritus, from the water. The larvae pass through
up to eight stadia over the course of between a few weeks to a year
(Fig. 4.22). Some species overwinter as larvae. Pupation takes place
underwater in a cocoon that is firmly attached to shallowly covered
objects such as rocks. The pupa has a number of filaments attached

Fig. 4.21 (A) Adult female Simulium (reproduced from Soulsby, 1982). (B)
Wing venation typical of Simulium, showing the large anal lobe and crowding
of the veins towards the leading edge (reproduced from Crosskey, 1993b).
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Fig. 4.22 Immature stages of Simuliidae: (A) larvae and (B) pupa within its
cocoon (reproduced from Soulsby, 1982).

anteriorly to the dorsal part of the thorax, through which it respires. In
the final stages of pupation a film of air is secreted between the
developing adult and the pupal cuticle. When the pupal case splits
the emerging adult rises to the surface in a bubble of air.

Both males and females feed on plant nectar. However, in
most species adult females are anautogenous, requiring a blood
meal to obtain the protein necessary to mature their eggs. Adults are
predominantly diurnal and are particularly active during morning and
evening in warm, cloudy weather. Adults are strong fliers and
respond strongly to carbon dioxide and other host-animal odours.

Pathology: simuliids are economically important livestock pests in
many parts of the world, particularly areas of North America and
eastern Europe. They feed primarily on poultry, cattle and horses, in
the latter two species usually feeding on the legs, abdomen, head
and ears.

e Even at relatively low population densities the painful bites inflicted
by adult female black flies may cause considerable disturbance
and reduced productivity.
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e Biting stress may be compounded by allergic reactions to fly
saliva.

e In domestic cattle, mass attack may cause sudden death
characterized by general petechial haemorrhage, together with
oedema of the larynx and abdominal wall.

e Mass attack may also cause death from anaemia.

In- addition, various species of Simulium may act as vectors for a
range of pathogenic nematodes, viruses and protozoa:

¢ The filarial nematode Onchocerca gutterosa may be transmitted to
cattle and Onchocerca cervicalis to horses, causing bovine and
equine onchocerciasis respectively. These produce nodules
containing adult worms in various regions of the skin, particularly
the withers of cattle, resulting in hide damage.

e Black flies may transmit the viruses causing Eastern equine
encephalitis and vesicular stomatitis in horses and cattle.

e In North America, black flies may transmit various species of
protozoa of the genus Leucocytozoon to turkeys and ducks.

e From a medical perspective Simuliidae are particularly important
as vectors of the filaroid nematode Onchocerca volvulus, which
causes river blindness in humans in Africa, Central and South
America.

Possibly the most damaging simuliid of temperate latitudes in the
new world is Simulium arcticum which can be a major livestock pest
in western Canada. Populations can reach densities which are high
enough to Kkill cattle. In the USA, Simulium venustum and Simulium
vittatum may be common and widespread pests of livestock, being
particularly common in June and July. Simulium pecuarum, the
southern buffalo gnat, may cause losses in cattle in the Mississippi
valley. The turkey gnat, Simulium meridionale is common in southern
USA and the Mississippi valley, where it may be a significant pest of
poultry. Simulium equinum, Simulium erythrocephalum and Simulium
ornatum may cause problems in western Europe and Simulium
kurenze in Russia. Particularly damaging in central and southern
Europe is Simulium colombaschense, which may cause heavy
mortality of livestock.
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4.9.2 Ceratopogonidae (biting midges)

The large nematoceran family, the Ceratopogonidae, are known as
the biting midges to distinguish them from the non-biting
nematoceran midges, the Chironomidae. The family contains more
than 60 genera and over 4000 species. However, there is only a
single genus of veterinary interest in temperate habitats, Culicoides.
There are over 1000 species of Culicoides, all of which feed on birds
or mammals, inflicting a painful bite.

Morphology: all the Culicoides are small flies, 1-4 mm in length. The
legs are relatively short and stout, particularly the forelegs. The
antennae are long and filamentous with 14 to 15 segments in
females. Adults may be grey or brownish-black with an iridescent
sheen. The thorax is humped over a small head. The wings are

Fig. 4.23 Adult female Culicoides: (A) wings spread and (B) living fly at rest.
(C) Wing venation typical of species of Culicoides, showing the two elongate
radial cells. (D) Typical Culicoides larva. (Reproduced from Boorman, 1993.)
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mottied and hairy. At rest the wings are folded over each other and
held flat over the abdomen. Ceratopogonids have a forked media
vein (M;, M,) and species of the genus Culicoides usually have a
distinct pattern of radial cells and an r-m cross-vein on their wings.

Life cycle: the eggs are small, dark and cylindrical and are usually
deposited in masses of 25-300. The eggs are usually oviposited in
damp, marshy ground or decaying vegetation. The larvae are typical
of Nematocera, with a well-developed head, 11 body segments and
no appendages. The larvae are aquatic and occur in a wide variety of
semi-solid habitats, including the edges of lakes and streams, muddy
water-filled holes, marshland and swamps. In general, Culicoides
appear able to exploit a wide range of moist habitats, but individual
species tend to utilize only specific breeding sites. The larvae usually
burrow into the surface of the substrate, where they pass through
four instars. Larval development may take up to 7 months and in
temperate regions there is usually only one generation per year.

Only females are blood-feeding and inflict a painful bite.
Autogeny may be common, but all autogenous species usually
require a blood meal to mature a second or subsequent egg batch.
Adult Culicoides are not strong fliers and they are usually found close
to larval habitats in small and inconspicuous swarms. Adult
Culicoides feed especially in dull, humid weather and tend to be
crepuscular and nocturnal. Females are attracted to the smell and
warmth of their hosts and different species may be host specific to
varying degrees, for example C. brevitarsis feeds mainly on cattle
and C. imicola on horses.

Pathology: in large numbers biting midges can be a serious source of
irritation and annoyance to livestock. The biting of midges has been
linked to an immediate-type hypersensitivity reaction which causes an
intensely pruritic skin disease of horses known in the UK as ‘sweet
itch’ and elsewhere as ‘Queensland itch’ or ‘summer dermatitis’. This
affects mainly the back, withers and base of the tail. The disease is
particularly a problem of native ponies in the UK and the tendency to
develop a hypersensitivity reaction is likely to be inherited. The
lesions are pruritic and exacerbated by self-trauma and scratching,
resulting in hair loss, hyperpigmentation and skin thickening. Several
species are involved, C. pulicaris in Britain, C. robertsi in Australia
and C. insignis, C. stelifer and C. venustus in the USA.
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Species of Culicoides may act as mechanical vectors for the
filaroid nematodes Onchocerca reticulata and Onchocerca gibsoni to
cattle, Onchocerca cervicalis to horses and several species of
protozoa (Haemeproteus, Leucocytozoon) to poultry and other birds.

At least 20 types of viral pathogens have been isolated from
various species of Culicoides, including those responsible for the
important livestock diseases causing blue-tongue in sheep, African
horse sickness and bovine ephemeral fever and, in the USA, eastern
equine encephalitis.

e Blue-tongue virus (BTV) exists as a number of distinct serotypes,
24 of which have been recognized to date. These viruses can
infect a wide range of ruminant species, but usually only cause
severe disease in certain breeds of sheep, particularly the fine-
fleeced species, such as Merino and Dorset Horn. In sheep it
causes fever, enteritis, upper respiratory tract infection, ulceration
of the tongue and lameness. BTV can cause very high mortality, in
excess of 25%, and morbidity in excess of 75%. Blue-tongue
occurs generally in Africa, the Middle East, Asia, Australia and
parts of North America, and serious outbreaks have occurred in
the past 50 years in southern Europe. In one such outbreak,
between 1956 and 1960, over 180,000 sheep died in Spain and
Portugal. In the USA blue-tongue is estimated to cost the livestock
industry over US$100 miillion per year.

e African horse sickness is caused by a retrovirus (AHSV) and is
among the most lethal of equine diseases. It frequently causes
mortality rates in excess of 90%. It is enzootic in Africa. A series of
epizootics in Spain and Portugal from 1987 to the present have
resulted in the deaths of over 3000 equines. Culicoides imicola is
one of the members of the genus able to transmit the virus and
occurs widely in Spain, Portugal and southern Greece.

e Eastern equine encephalitis is a viral disease of horses and
humans found only in the New World. It is caused by a species of
the Alphavirus genus which is part of the Togaviridae. The disease
is present throughout North and South America as far south as
Argentina. The wild reservoir hosts are birds and the primary
midge vector is Culicoides melanura.

e Bovine ephemeral fever, also known as 3-day sickness, is caused
by an arbovirus. It is found throughout Africa, the Oriental region
and occasionally causes epizootics in Australia. It affects cattle
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causing morbidity, but usually not mortality, resulting in reduced
milk yields.

There are a large number of species of Culicoides of varying
importance as nuisance pests and vectors. Of particular note in
Europe and Asia are Culicoides pulicaris, Culicoides obsoletus (a
complex of four separate species), Culicoides impunctatus and
Culicoides sibirica. Culicoides imicola is found throughout Africa and
southern Europe and is a key vector of African horse sickness. In
North America Culicoides furens and Culicoides denningi inflict
painful bites and Culicoides variipennis is the primary vector of blue-
tongue virus.

4.9.3 Culicidae (mosquitoes)

The Mosquitoes, family Culicidae, are a diverse group of over 3000
species. They occur worldwide from the tropics to the arctic. There
are three sub-families: Anophelinae, consisting of Anopheles and two
other rare genera, Bironella and Chagasia; Culicinae, composed of
nearly all the other genera; and Toxorhynchitinae, which do not feed
on blood. There are more than 2500 species of Culicinae, of which
the main genera are Aedes, containing over 900 species, and Culex,
with nearly 750 species.

Morphology: mosquitoes are small, slender flies, 2—10 mm in length,
with long legs. Adults have scales on the wing veins and margins
(Fig. 4.24) and the adult females possess an elongated proboscis
which is used in blood-feeding. Male mosquitoes have plumose
antennae, whereas those of females have fewer, shorter hairs.

Living anopheline adults can readily be distinguished from
culicines, such as Aedes and Culex, when resting on a flat surface.
On landing anopheline mosquitoes rest with the proboscis, head,
thorax and abdomen in one straight line at an angle to the surface.
The culicine adult rests with its body angled and its abdomen directed
towards the surface. The palps of female anopheline mosquitoes are
as long and straight as the proboscis, whereas in female culicine
mosquitoes the palps are usually only about one-quarter of the length
of the proboscis.

Life cycle: anopheline mosquitoes lay batches of eggs on the surface
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Fig. 4.24 Wing of an adult mosquito: (A) the basic structure with veins and
cells; (B) wing of Anopheles showing the characteristic pattems produced by
the scales on the veins (reproduced from Service, 1993).

of water, usually at night and often deposit more than 200 eggs per
oviposition (Fig. 4.5). The eggs possess characteristic lateral floats
that prevent them from sinking. Such eggs usually hatch within 2 or 3
days. Species of the genus Culex lay their eggs side by side and
form them into a raft. Rafts generally contain between 100 and 300
eggs. When the eggs mature they will hatch regardless of the
availability of water. Most species of Aedes lay their eggs on moist
substrates, not on the water itself, where they mature and await
adequate water to stimulate hatching. In some cases the eggs may
remain viable for up to 3 years.

The larvae of all species are aquatic and occur in a wide
variety of habitats, such as the edge of permanent pools, puddles,
flooded tree-holes or even, for some species, temporary water-filled
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containers. Mosquito larvae are known as wrigglers and require
between 3 and 20 days to pass through four stadia. During this time
larvae of Anopheles lie parallel to the water surface and breathe
through a pair of spiracles at the posterior end of the abdomen. In
contrast, larvae of Culicinae hang suspended from the water surface
by a prominent posterior breathing siphon with spiracles at its tip.
Larvae feed by filtering out micro-organisms from the water using a
pair of mouth brushes.

With the final larval moult, the pupal stage occurs. Mosquito
pupae, known as tumblers, usually remain at the water surface, but
when disturbed can be highly mobile. They do not feed and this stage
may last between 1 and 7 days, breathing by means of prothoracic
respiratory siphons.

Adult mosquitoes emerge from the pupal case and crawl to a
nearby object where they harden their cuticle and inflate their wings.
Mating normally occurs within 24 hours of emergence. For normal
activity and flight, mosquitoes feed on nectar and plant juices, but
females are anautogenous; they need an initial blood meal to
develop their ovaries and must feed again between each egg batch
matured.

Mosquitoes are nocturnal or crepuscular feeders with a wide
host range. Host location is achieved using a range of olfactory and
visual cues, orientation to wind direction and body warmth.

Pathology:

¢ Mosquito populations can reach large sizes, especially in parts of
the southern United States, and the persistent feeding activity of
adults females may cause considerable nuisance and reduce the
productivity of livestock.

¢ Mosquito bites can cause hypersensitivity reactions.

e Mosquitoes can be vectors of the dog heartworm, Dirofilaria
immitis (although this occurs mainly in tropical and sub-tropical
regions).

e Mosquitoes can act as vectors of various viral diseases, including
arboviruses, such as equine encephalitis (a togavirus), rabbit
myxomatosis and infectious equine anaemia (a retrovirus).

¢ In general, mosquitoes are far more important in terms of human
disease than animal disease, since species of the genus
Anopheles are the sole vectors of malaria which kills over 1 million
people each year worldwide. Culicines are important vectors of
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arboviruses, causing yellow fever and the filarial nematode
Wuchereria bancrofti which causes human elephantiasis.

4.9.4 Psychodidae (sand flies)

The large family Psychodidae contains over 600 species, widely
distributed in the tropics, sub-tropics and around the Mediterranean.
In the sub-family Phlebotominae, the true sand flies, there is a single
genus of veterinary importance in the Old World, Phlebotomus, and a
single genus of veterinary importance in the New World, Lutzomyia.
Species of both genera may act as vectors of Leishmania.

Morphology: phlebotomine sand flies are narrow-bodied, up to 5 mm
in length. They are hairy in appearance with large black eyes and
long legs. The wings are narrow, long, hairy and held erect over the
thorax when at rest. The antennae are long, 16-segmented,
filamentous and covered in fine setae. There is no sexual dimorphism
in the antennae, but males have conspicuous genital apparatus. The
mouthparts are moderately long and the palps are five-segmented. In
the Old World genus Phlebotomus the longest palpal segment is the
fifth, whereas in the New World genus Lutzomyia the third palpal
segment is usually the longest.

Life cycle: females lay 50-100 eggs per egg batch in small cracks or
holes in damp ground, in leaf litter and around the roots of forest
trees. The grey, segmented larvae pass through four stadia before
pupation. The larvae feed on organic debris, such as faeces and
decaying plant material. The larvae and pupae are very sensitive to
desiccation.

Only females have functional mouthparts and are blood-
feeders. Adult females of most species are anautogenous. Species
of the genus Phlebotomus feed on mammals and are found in
savannah and desert areas. In contrast, species of the genus
Lutzomyia feed on both mammals and reptiles and are found in
damper, forested areas. Adults often accumulate in the burrows of
rodents or in other shelters, such as caves, where the microclimate is
suitable. The adults remain in these refugia, feeding at night, dawn or
dusk, on the occupants or mammals in the close vicinity. Adults have
very limited powers of flight, with a range of perhaps only 100-200 m.
They move in characteristic short hops of flight and are only able to



192 Adult flies

Fig. 4.25 (A) Adult female sand fly, Phlebofomus papatasi. (B) Wing
venation typical of species of Phlebotomus (Psychodidae). (Reproduced
from Lane, 1993b.)

fly when wind speeds are low.

The rate of life-cycle development is usually slow, taking at
least 7-10 weeks, with many Palaearctic species having only two
generations per year.

Pathology: sand flies are important as vectors of various pathogens.
Of particular importance is leishmaniasis in humans and dogs,
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caused by the protozoa, Leishmania spp. The diseases caused in
humans are commonly classified as either visceral (kala-azar) or
cutaneous infections. Dogs, rodents and other wild animals act a
reservoirs of infection. Dogs affected with cutaneous leishmaniasis
have a nonpruritic, exfoliative dermatitis with alopecia and peripheral
lymphadenopathy. Systemic leishmaniasis leads to splenomegaly,
hepatomegaly, generalized lymphadenopathy, lameness, anorexia,
weight loss and death. The disease has been reported in cats. In
North America, sand flies may also act as vectors of vesicular
stomatitis of cattle and horses, which is caused by a rhabdovirus.

4.10 OTHER DIPTERA OF VETERINARY INTEREST
4.10.1 Eye gnats

Eye gnats of the genus Hippelates, are acalypterate Diptera of the
family Cloropidae. They are small (1.5—-2.5 mm in length), shiny, dark
flies. They are extremely persistent, non-biting flies and feed on body
fluids such as tears, oil secretions, pus and blood. They land some
distance from the intended feeding site and then crawl over the skin
to reach their feeding site, usually around the eyes, genitals and any
open sores. They have been associated with bovine
keratoconjunctivitis and mastitis in cattle and, for this reason, are of
some importance.
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Adult female screwworm fly, Cochliomyia hominivorax (reproduced from
Herms and James, 1961).
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5.1 INTRODUCTION

Myiasis is the infestation of the organs or tissues of host animals by
the larval stages of dipterous flies, usually known as maggots or
grubs. The fly larvae feed directly on the host’s necrotic or living
tissue. The hosts are usually mammals, occasionally birds and, less
commonly, amphibians or reptiles.

Myiases are often classified according to the anatomical
position in, or on, the animal that the larvae infest. Broadly speaking,
they may be described as dermal, sub-dermal or cutaneous,
nasopharyngeal, ocular, intestinal/enteric or urinogenital. When
open wounds are involved, the myiasis is known as traumatic and
when boil-like, the lesion is termed furuncular. If the path of the
larvae beneath the skin can be traced, the myiasis is designated as
creeping and a rare form of bloodsucking myiasis is described as
sanguinivorous. However, it is probably of more biological interest
to classify myiases in terms of the relationships between host and
parasite, since this provides insight into the biology of the fly species
causing the myiasis and its likely pathological effect. Accordingly
myiases may be described as obligatory, facultative or accidental.

Obligatory ectoparasites must have a living host to complete
their development and are unable to survive in the absence of the
host. In contrast, facultative parasites can develop in both living and
dead organic matter. The facultative species can be subdivided into
primary and secondary facultative ectoparasites. The primary
species usually adopt an ectoparasitic habit and are capable of
initiating myiases, but may occasionally live as saprophages in
decaying organic matter and animal carcasses. The secondary
facultative ectoparasites normally live as saprophages and, usually,
cannot initiate a myiasis but may secondarily invade pre-existing
infestations.

The final group of species to be described causes accidental
or miscellaneous cases of myiasis. These are species that are only
rare or chance agents of myiasis, which may invade an inappropriate
host or which may cause a myiasis when fly eggs are accidentally
ingested. These species are primarily of interest from a medical point
of view and will not be discussed further in this book.
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5.2 MORPHOLOGY

The body of the immature cyclorrhaphous dipteran larva is usually
conical, pointed anteriorly and truncated posteriorly (Fig. 5.1).
However, this shape may be modified, with the larvae of some
species being barrel-like or, occasionally, flattened. The body is
clearly divided, usually into 12 segments. There is a head, three
thoracic segments and eight abdominal segments. However, no
distinction between the thoracic and abdominal segments is usually
apparent. The cuticle is typically soft and unsclerotized but is often
covered by spines or scales arranged in circular bands. Although
legless, in some species, the body may have a number of fleshy
protuberances which aid in locomotion.

Fig. 5.1 Structure of a cyclorrhaphous fly larva, (A) lateral view, (B) detail of
anterior spiracle (reproduced from Hall and Smith, 1993). (C) Transverse
section through the head and mouthparts. (d) Cephalopharyngeal skeleton.
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The head segment is divided by a ventral furrow into left and
right cephalic lobes, with the mouth opening at the base of the
furrow. The head also bears two peg-like sensory organs. The true
head is completely invaginated into the thorax. The functional mouth
is at the inner end of the pre-oral cavity, the atrium, from which a pair
of sclerotized mouth-hooks protrude. The mouth-hooks are part of a
complex sclerotized structure, known as the cephalopharyngeal
skeleton, to which muscles are attached (Fig. 5.1).

There is a pair of anterior spiracles on the prothoracic
segment, immediately behind the head (Fig. 56.1) and a pair of
posterior spiracles on the twelfth segment (Fig. 5.2). The anterior
spiracles of calliphorids and sarcophagids protrude externally as a
fan-shaped series of finger-like lobes, each ending in a small
aperture. These spiracles are not present on first-stage larvae.

The structure of the posterior spiracles is of great taxonomic
importance. They usually consist of a pair of sclerotized spiracular
plates. These may be set flat on the body cuticle, raised on a
process or at the bottom of a deep cavity. Slits or openings are
present in the surface of the spiracular plate for gaseous exchange
(Fig. 5.2). In first-stage larvae the slits consist of a pair of simple

Fig. 5.2 (A) End view of the last abdominal segment and (B) detail of the
posterior spiracles of a third-stage larva of Calliphora vicina (reproduced
from Hall and Smith, 1993).
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holes. In second- and third-stage larvae, each of the sclerotized
plates contain two or three slits, respectively. The exception to this
pattern is the Oestridae, where instead of slits the posterior spiracles
occur as a large number of small pores. The outer rim of the
spiracular plate may be heavily sclerotized and is known as the
peritreme (Fig. 5.2). The peritreme may form a complete ring or may
be incomplete. In second- and third-stage larvae a rounded structure,
known as the button, may be visible on the sclerotized plate in a
ventral and lateral position. This structure is the scar left from the
spiracle of the previous stage after moulting. The last segment also
bears a number of tubicles, typically three above each spiracle and
three below.

5.3 LIFE HISTORY

Most of the adult agents of myiasis are oviparous, laying large
numbers of eggs either directly on to the host or on to vegetation at a
site where they are likely to be picked up by the passing host. A
number, notably species of Oestrus and Sarcophaga, are
ovoviviparous, depositing live first-stage larvae directly on to their
host.

The egg stage is usually brief, generally lasting about 24
hours, and is followed by three larval stadia, during which feeding
occurs. When feeding is complete the, third-stage larva enters a
wandering phase when it leaves the host and locates a suitable site
for pupariation, usually burrowing into the ground. After pupation, the
newly emerged adult breaks out of the puparium and works its way to
the surface using its ptilinum (see section 4.2). The adults of most
species of Calliphoridae (blow flies) and Sarcophagidae (flesh flies)
are anautogenous and require a protein meal to initiate egg
production. However, in many of the Oestridae (warble and bot flies)
the mouthparts are functionless and adults do not feed.

Two broad life-history groups can be detected within the
dipteran agents of myiasis. One group is composed of highly
specialized, obligate and relatively host-specific ectoparasites,
typified by the oestrids. The second group is composed of flies that
are generally facultative ectoparasites with a relatively broad host
range, typifed by the calliphorid blowflies. These two groups probably
reflect quite different evolutionary origins of the myiasis habit.

The specialist oestrids may have arisen from less specialized
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Diptera that had ectoparasitic, blood-sucking larvae. Examples of
existing blood-feeding species are the Congo floor maggot
(Auchmeromyia spp.) which feeds on mammals and Protocalliphora
spp. which feed on birds. From initially puncturing the skin, the larvae
may have moved to invading and ultimately burrowing under the skin.
The morphological and physiological adaptations which were
required to allow larvae to survive in these hostile environments
necessitated the development of a number of highly specialized
features and resulted in the evolution of a high degree of host
specificity and an obligate ectoparasitic habit.

In contrast, among the calliphorids and sarcophagids,
generalized free-living saprophagous carrion feeders probably
formed the ancestral origins of the parasitic habit. These may have
given rise to species which were attracted to warm-blooded animals
with suppurating wounds or where the skin was soiled by faeces.
From initially simply feeding as adults at these sites, flies may have
been able to move to ovipositing and allowing their larvae to infest
dying or diseased animals. From this intermediate stage, the
primarily facultative ectoparasites which were capable of attacking
healthy animals may have developed, followed ultimately by the
obligate ectoparasites. Hence, the evolution of the myiasis habit from
saprophagous feeders probably involved a change in the timing of
attack from dead animals, to moribund or clinically diseased animals
and, finally, to healthy animals.

5.4 PATHOLOGY

The direct pathological effects of myiasis may vary considerably and
depend on the species of ectoparasite, the number of larvae and the
site of the infestation. In many cases infestation by small numbers of
fly larvae may have little or no discernible clinical effect on the host.
However, a heavier burden of parasites may produce effects ranging
from irritation, discomfort and pruritus, resulting in reduced feeding,
weight loss, reduced fertility and loss of general condition.
Ultimately, heavy infestation may lead rapidly to host death from
direct tissue damage, haemorrhage, bacterial infection, dehydration,
anaphylaxis and toxaemia. Myiasis from a range of species also has
been shown to produce a marked immunological response in the
host.
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5.5 CLASSIFICATION

All the flies that act as economically important agents of veterinary
myiasis are calypterate Diptera in the superfamily Oestroidea.
Within this super-family there are three major families of myiasis-
producing flies: Oestridae, Calliphoridae and Sarcophagidae.

The Oestridae contains about 150 species, known as the bots
and warbles. There are four sub-families of importance: Oestrinae,
Gasterophilinae, Hypodermatinae and Cuterebrinae. The sub-
family Oestrinae contains one genus of major importance, Oestrus,
and three genera of lesser importance, Rhinoestrus, Cephenemyia
and Cephalopina. The sub-family Gasterophilinae contains a single
genus of importance, Gasterophilus. @ The  sub-family
Hypodermatinae contains one genus of major importance,
Hypoderma, and a second, less widespread genus,
Przhevalskiana. The sub-family Cuterebrinae contains two genera
of interest, Cuterebra and Dermatobia. All are obligate parasites,
showing a high degree of host specificity. Their larvae spend their
entire period of larval growth and development feeding within their
vertebrate hosts, causing nasopharyngeal, digestive tract, or dermal—
furuncular myiases.

The Calliphoridae, known as blow flies, are a large family,
composed of over 1000 species divided between 150 genera. At
least 80 species have been recorded as causing traumatic,
cutaneous myiasis. These species are found largely in four important
genera: Cochliomyia, Chrysomya, Lucilia and Calliphora. The
genera Protophormia and Phormia also each contain a single
species of importance. Most of these species are either primary or
secondary facultative invaders. Only two species, Chrysomya
bezziana and Cochliomyia hominivorax, are obligate agents of
myiasis.

The family Sarcophagidae, known as flesh flies, contains over
2000 species in 400 genera. Most species of Sarcophagidae are of
no veterinary importance, breeding in excrement, carrion and other
decomposing organic matter. The only genus containing species
which act as important agents of veterinary myiasis is Wohlfahrtia.
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5.6 RECOGNITION OF DIPTEROUS AGENTS OF MYIASIS

The larvae of most species of Diptera are extremely difficult to
identify, especially as first- or second-stage larvae. Indeed, the
species of a number of genera are, to all intents and purposes,
indistinguishable given our current knowledge of their morphology.
The host, geographical location and type of myiasis, therefore, may
be important clues to identification. It is particularly helpful, where
possible, to rear specimens through to emergence so that the adult
fly can be used to help confirm the identification.

Guides to the recognition of the key genera of larvae and
adult Oestridae, Calliphoridae and Sarcophagidae likely to be found
in myiases of domestic animals are presented below (modified from
Zumpt, 1965; Crosskey and Lane, 1993; and Hall and Smith, 1993;
the first of which is especially recommended if a more detailed key is
required). The guide to larvae presented below applies specifically to
recognition of the third stage. This stage is usually of the longest
duration and, since the larvae are approaching their maximum size or
are beginning to wander, is usually the stage when they are most
commonly observed. It should be noted, that because the external
structure of larvae may change over the course of their growth and
development, first- and second-stage larvae may not key out
appropriately.

5.6.1 Guide to third-stage larvae causing myiasis in domestic
animals

1 Body more or less cylindrical; no obvious head capsule 2

Fly larvae with an obvious head capsule; rarely found
associated with livestock myiasis

Diptera Nematocera or Brachycera

2 Body with obvious fleshy processes 3
Body without fleshy processes 4
3 Third-stage larvae large, up to 18 mm long; large, pointed

fleshy processes laterally and dorsally (Fig. 5.15); posterior
spiracular plate without button; peritremes with a narrow
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opening; in carrion or secondarily in cutaneous myiasis of
sheep; distribution, Afrotropical, Australasian and Oriental

Chrysomyia albiceps and C. rufifaces (Calliphoridae)

Third-stage larvae 7-8 mm in length; body flattened, with long
processes (Fig. 5.19C); posterior spiracles on short stalks on
terminal segment; uncommon in livestock myiasis Fanniidae

Posterior spiracles with a large number of small pores or
many short intertwining slits arranged in three groups on each

spiracular plate (Fig. 5.3D) 5
Posterior spiracles with up to three straight or curved slits
(Fig. 5.2B) 7
Mouth-hooks well developed, strongly hooked 6

Mouth-hooks poorly developed; third-stage larvae 20-30 mm
in length (Fig. 5.9); in subcutaneous swellings, or warbles
(Fig. 5.10); on cattle or deer = Hypoderma spp. (Oestridae)

Body with weak spines in distinct regions; posterior spiracles
with many small pores (Fig. 5.3); in nasal myiasis of sheep;
distribution, worldwide Oestrus ovis
(Oestridae)

Body spines stronger and more evenly distributed; posterior
spiracles with many small slits; found in dermal myiases; in
rodents and rabbits; distribution, New World

Cuterebra spp. (Oestridae)

Posterior spiracles with straight or arced slits 8

Posterior spiracles with serpentine slits; anterior spiracles in
the form of membranous stalks bearing finger-like processes;
body with obvious spines; furuncular myiases of dogs, rats
and humans; distribution, sub-Saharan Africa

Cordylobia spp. (Calliphoridae)

Posterior spiracles with serpentine slits (Fig. 5.19A); anterior
spiracles not as above; uncommon in livestock myiasis
Muscidae
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10

11

12

13

14

Posterior spiracles sunk in a deep cavity which may conceal

them (Fig. 5.21B); slits more or less parallel 9

Posterior spiracles visible, either exposed on surface or set in
a ring of tubercles 1
Body with strong spines 10

Body with short spines; obligate agent of cutaneous myiasis;
primarily in sheep and goats; distribution, worldwide

Wohlfahrtia spp. (Sarcophagidae)

Posterior spiracles with slits bowed outwards at the middle;
body oval (Fig. 5.6G); found in the pharynx or digestive tract
of equids Gasterophilus spp. (Oestridae)

Posterior spiracles with slits relatively straight; body enlarged
anteriorly and tapering posteriorly (Fig. 5.11A); distribution,
New World Dermatobia hominis (Oestridae)

Posterior spiracles with straight slits (Fig. 5.2) 12

Posterior spiracles with arced slits; uncommon in livestock
myiasis Muscidae

Posterior spiracles with a fully closed peritremal ring (Fig.
5.17B) 13

Posterior spiracles with an open peritremal ring (Fig. 5.12B)
14

Cephalopharyngeal skeleton with pigmented accessory oral
sclerite (Fig. 5.19B); distribution, worldwide

Calliphora spp. (Calliphoridae)

Cephalopharyngeal skeleton without pigmented accessory
oral sclerite (Fig. 5.17C); distribution, worldwide

Lucilia spp. (Calliphoridae)

Tracheal trunks leading from posterior spiracles without dark
pigmentation 15
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Tracheal trunks leading from posterior spiracles with
conspicuous dark pigmentation extending forwards as far as
the 9th or 10th segment (Fig. 5.12A); obligate, primary agent
of traumatic livestock myiasis; distribution, Neotropical and
Nearctic Cochliomyia hominivorax (Calliphoridae)

Posterior margin of segment 11 with dorsal spines 16

Posterior margin of segment 11 without dorsal spines; a
secondary facultative agent of cutaneous livestock myiasis;
distribution, Neotropical and Nearctic

Cochliomyia macellaria (Calliphoridae)

Posterior spiracles with distinct button 18
Posterior spiracles without distinct button 17

Body without fleshy processes; segments with belts of
strongly developed spines (Fig. 5.13A); anterior spiracle with
4-6 branches; an obligate, primary agent of cutaneous
livestock myiasis; distribution, Afrotropical and Oriental

Chrysomya bezziana (Calliphoridae)

Anterior spiracle with 11-13 branches; largely saprophagous;
an occasional facultative ectoparasite causing cutaneous
myiasis; distribution, Oriental and Australasian

Chrysomya megacephala (Calliphoridae)

Posterior margins of segment 10 with dorsal spines; length of
the larger tubercles on upper margin of posterior face of
terminal segment greater than half the width of a posterior
spiracle; causes facultative, cutaneous myiasis of cattle,
sheep and reindeer; distribution, northern Holarctic

Protophormia terraenovae (Calliphoridae)

Posterior margins of segment 10 without dorsal spines; length
of the larger tubercles on upper margin of posterior face of
terminal segment less than half the width of a posterior
spiracle; distribution, Holarctic

Phormia regina (Calliphoridae)
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5.6.2 Guide to genera of adult Diptera causing myiasis in

domestic animals

Insects with one pair of wings on the mesothorax and a pair
of club-like halteres on the metathorax; antennae composed
of three segments, third segment usually with an arista; foot
with two pads; frons with ptilinal suture; second antennal
segment usually with a groove; thoracic transverse suture
strong; thoracic squamae (see Chapter 4) usually well
developed Calypterate Diptera 2

Mouthparts small, usually functionless; head bulbous;
antennae small; flies more or less covered with soft hair 3

Mouthparts usually well developed; antennae not small; flies

with strong bristles; hypopleural bristles present; post-
scutellum weak or absent 7

Vein M bent towards vein Ry.s 4
Vein M not bent towards vein R4.s; squamae small; cross-vein

dm-cu absent; ovipositor strongly developed in female (Fig.
5.5) Gasterophilinae spp. (Oestridae)

Sharp bend of vein M towards vein R4.s but the two do not
meet before the margin 5
Vein M joins vein Ry.s before the margin; vein dm-cu in line
with deflection of vein M; vein A;+CuA, does not reach the
margin (Fig. 5.4B); frons enlarged; frons, scutellum and dorsal
thorax bear small wart-like protuberances; eyes small (Fig.
5.4A); abdomen brownish-black

Oestrinae spp. (Oestridae)

Blue-black colour Cuterebrinae spp.
Not blue-black 6

Vein A+CuA, reaches the margin; vein dm-cu in line with
deflection of vein M (Fig. 5.8B); hairy bee-like flies with a
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light—dark colour pattern; fan of yellow hypopleural hairs;
palps absent Hypodermatinae spp (Oestridae)

Metallic, iridescent appearance (blue-black, violet-blue, green)

8
Dull grey appearance; three black stripes on the scutum;
abdomen usually with chequered or spotted pattern 13

Flies of predominantly reddish-yellow or reddish-brown colour,
not metallic; distribution, tropical Africa

Cordylobia spp. (Calliphoridae)

Wing with stem vein (base of R) entirely bare 9
Wing with stem vein with fine hairs along margin 10

Flies with metallic green or coppery green thorax and
abdomen; thoracic squamae bare; found in cutaneous
myiasis, particularly of sheep; distribution, worldwide

Lucilia spp. (Calliphoridae)

Flies with black-blue thorax and blue or brown abdomen;
thoracic squamae with long dark hair on upper surface; may
be secondary invaders of cutaneous myiasis; distribution,
worldwide Calliphora spp. (Calliphoridae)

Head with almost entirely black ground colour and black hair;
thoracic squamae bare; alar squamae hairy on outer half or
dorsal surface 12

Head with ground colour of at least lower half entirely or
mainly orange or orange-red and with white, yellow or orange
hair; thoracic squamae bare on dorsal surface 1

Thoracic squamae hairy on whole dorsal surface; scutum of
thorax without bold black stripes; distribution, Afrotropical,
Oriental, Australasian, southern Palaearctic

Chrysomya spp. (Calliphoridae)
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Thoracic squamae hairy only at the base, usually concealed
by the alar squamae; scutum of thorax with three bold, black
stripes; distribution: Nearctic and Neotropical

Cochliomyia spp. (Calliphoridae)

12 Thorax with anterior spiracle black or reddish-brown; alar
squamae with obvious dark hair dorsally; distribution,
Palaearctic and Nearctic only

Protophormia spp. (Calliphoridae)

Thorax with anterior spiracle yellow or orange; thoracic
squamae with white-yellow hair dorsally; distribution,
Palaearctic and Nearctic only

Phormia spp. (Calliphoridae)

13 Avrista almost bare; abdomen with pattern of black spots (Fig.
5.21C) Wohlfahrtia spp. (Sarcophagidae)

Arista with long and conspicuous hairs, at least on the basal
half, abdomen with dark and light chequered pattern (Fig.
5.21A) Sarcophaga spp. (Sarcophagidae)

5.7 OESTRIDAE

The family Oestridae contains flies commonly known as bots and
warbles. All are obligate parasites and most show a high degree of
host specificity. The larvae are characterized by.posterior spiracular
plates containing numerous small pores. The larvae all develop
exclusively in the nasopharyngeal cavities or skin-boils (warbles) of
mammals. The adults have primitive, usually non-functional
mouthparts and are short lived.

5.7.1 Oestrinae

The sub-family Oestrinae contains 34 species in nine genera. One
genus, Oestrus, is of major economic veterinary importance and
three other genera, Rhinoestrus, Cephenemyia and Cephalopina,
are of lesser or local significance as parasites of domestic animals.
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Oestrus

Oestrus is a small genus, containing only five species, the most well
known and economically important of which is Oestrus ovis, the
sheep nasal bot fly. The other species are parasites of antelope and
goats, primarily in Africa. The larvae of O. ovis develop in the head
sinuses and nasal passages of sheep and goats. Although originally
Palaearctic, it is now found in all sheep-farming areas of the world,
having been spread with sheep as they were transported worldwide.

Fig. 6.3 Oestrus ovis, ventral view of (A) third-stage larva and (B) first-
stage larva. (C) Mouthparts of first-stage larva in lateral view and (D)
posterior spiracles of third-stage larva. (Reproduced from Hall and Smith,
1993.)
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Fig. 5.4 (A) Adult female Oestrus ovis and (B) wing venation typical of
Oestrus, showing the strongly bent vein M joining R4.s before the wing
margin (reproduced from Castellani and Chalmers, 1913).

Morphology: mature larvae in the nasal passages are white,
becoming slightly yellow or brown as they mature, with dark
transverse bands on each segment. The ventral surface of each
segment bears a row of small spines (Fig. 5.3).

Adults are grey flies, about 10-12 mm in length with small
black spots on the abdomen and a covering of short brown hairs
(Fig. 5.4). The head is broad, with small eyes and the frons,
scutellum and dorsal thorax bear small wart-like protuberances. The
segments of the antennae are small and the arista bare. The
mouthparts are reduced to small knobs.
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Life cycle: females are oviviparous, depositing up to 25 live first-
stage larvae at a time, in or on the nostrils of the host, during flight.
The adults are particularly active during hot, dry weather and this
activity can lead to considerable disturbance and panic in a flock.

First-stage larvae are about 1 mm long and crawl up the nasal
cavity and attach to the mucous membranes. Here they feed on
mucus and desquamated cells. The first-stage larvae enter the
frontal sinuses via the ethmoid process before moulting. The second-
stage larvae are 4-12 mm in length. Second-stage larvae then pass
into the frontal sinuses where they moult for the final time. When
mature, at up to 20 mm in length, the third-stage larvae re-enter the
nasal cavities where they are sneezed out. On reaching the ground
the larvae pupariate.

Development can take as little as 25-35 days and, in the
warmer parts of its range, up to three generations per year may be
recorded. In southern Europe, generation peaks in O. ovis
populations have been recorded in March-April, June-July and
September—October. More commonly, however, there are only two
generations per year, with adults present in late spring and late
summer. Larval development ceases in autumn and the first-stage
larvae overwinter within the head of the host and will not migrate to
the frontal sinuses until the following spring.

Pathology: as they deposit larvae, the activity of adult O. ovis may
annoy sheep, leading to a loss of grazing time, reduced weight gain
in lambs and loss of condition. However, in general, infestations are
relatively light, only an average of 2-20 larvae being present in the
frontal sinus of infested animals at any one time.

The parasitic rhinitis caused by the larvae of O. ovis is
characterized by a sticky, mucoid nasal discharge which at times
may be haemorrhagic. Histopathological changes in the nasal tissues
of infected sheep include catarrh, infiltration of inflammatory cells
and squamous metaplasia, characterized by conversion of secretory
epithelium to stratified squamous type. Immune responses by the
host to infestation by O. ovis have been recorded.

Clinical symptoms of infestation may range from mild
discomfort, nasal discharge, sneezing, nose rubbing or head
shaking. Dead larvae in the sinuses can cause allergic and
inflammatory responses, followed by bacterial infection and
sometimes death. Larvae may occasionally penetrate the olfactory
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mucosa and enter the brain — causing ataxia, circling and head
pressing.

Infestation prevalence tends to be highly localized. In
individual sheep flocks infestation rates of up to 44—-88% have been
recorded in France and as low as 0.75% in Britain. Infestation rates
of 6-52% have been recorded in Zimbabwe, 69% in India and 100%
in Morocco, South Africa and Brazil. Infestation by O. ovis has been
associated with losses in weight gain of between 1 and 4.5 kg,
losses in wool production of up to 200-500 g and a reduction in milk
production of up to 10%.

Other Oestrinae of veterinary interest

The genus Cephenemyia is restricted to the Holarctic, and the larvae
develop exclusively in deer. Parasitism may affect in excess of 70%
of a herd. Of particular interest are Cephenemyia trompe and
Cephenemyia auribarbis which are found in reindeer and caribou.
Cephenemyia phobifer and Cephenemyia stimulator are found in red
and roe deer, respectively; Cephenemyia pratti may occur in the
mule deer; Cephenemyia jellisoni in the whitetail and Pacific blacktail
deer; and Cephenemyia apicata in Californian deer. Females deposit
live first-stage larvae in the nostrils of the host and the larvae
subsequently move to the pharyngeal and nasal cavities. Mature
larvae migrate to the anterior pharynx before leaving the host. The
activity of the larvae causes nasal discharge, sneezing, coughing
and restlessness.

The genus Rhinoestrus is highly host specific and infests
equines and large African mammals. Eleven species have been
described, four of which are restricted to equines. Adult Rhinoestrus
resemble Oestrus, but have more conspicuous tubercles on the head
and thorax. In a study in the Caspian region of the former USSR, 97—
100% of horses were found to be infested with Rhinoestrus, the
major species being Rhinoestrus latiffons and Rhinoestrus
purpureus. In this study, a mean of 154 larvae were found in the
head cavities of each infested horse, with a maximum infestation
recorded of 899 larvae. Rhinoestrus usbekistanicus parasitizes
horses and donkeys in the Palaearctic.

The camel nasal bot fly, Cephalopina titillator, is a parasite of
camels in dry parts of the Palaearctic and Oriental regions, and
Australia. Infestation of up to 90% of camel herds has been
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recorded. The presence of larvae may cause considerable irritation
and breathing difficulty.

5.7.2 Gasterophilinae

The sub-family Gasterophilinae contains 18 species in five genera,
although only one genus, Gasterophilus, contains species of
veterinary significance.

Gasterophilus

Species of Gasterophilus are obligate parasites of horses, donkeys,
mules, zebras, elephants and rhinoceroses. Nine species are
recognized in total, six of which are of interest as veterinary parasites
of equids in temperate habitats. All were originally restricted to the
Palaearctic and Afrotropical regions, but three species, Gasterophilus
nasalis, G. haemorrhoidalis and G. intestinalis, have been
inadvertently introduced into the New World.

Morphology: the adult flies are large, 11-15 mm in length, and the

Fig. 5.5 Adult female Gasterophilus intestinalis (reproduced from Castellani
and Chalmers, 1913).
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body is densely covered with yellowish hairs (Fig. 5.5). In most
species, the hairs of the mesonotum are dark, producing the
appearance of a transverse dark band or dark patches behind the
suture. In the female the ovipositor is strong and protuberant. The
wings of adult Gasterophilus characteristically have no cross-vein
dm-cu.

The third-stage larvae of the most important species may be

Fig. 5.6 (A) Third-stage larva of Gasterophilus intestinalis and (B) third-
stage larval head of G. pecorum in ventral view (reproduced from Hall and
Smith, 1993). Eggs of (C) G. haemorrhoidalis, (D) G. intestinalis, (E) G.
nasalis and (F) G. pecorum (reproduced from Smith, 1989). (G) Posterior
spiracles of a third-stage larva of G. intestinalis.
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distinguished using the following guide (from Zumpt, 1965):

1

Spines on the ventral surface of segments arranged in a

single row 2
Spines on the ventral surface of segments arranged in two
rows 3

First three body segments more or less conical; third segment
always with a dorsal row of spines and sometimes with ventral
spines (Fig. 5.7C); distribution, worldwide, particularly in the
Holarctic Gasterophilus nasalis (Oestridae)

First three body segments more or less cylindrical, showing

sharp constrictions posteriorly; third segment without spines

dorsally or ventrally; distribution, eastern Palaearctic
Gasterophilus nigricornis (Oestridae)

Head segment with only lateral groups of denticles; dorsal
row of spines on the 8th segment not broadly interrupted
medially; at least 10th segment with dorsal spines 4

Head segment with two lateral groups of denticles and one
central group, the latter situated between the antennal lobes
and mouth-hooks (Fig. 5.6B); dorsal rows of spines broadly
interrupted medially on the 7th and 8th segments; 10th and
11th segments without spines; distribution, Palaearctic and
Afrotropical Gasterophilus pecorum (Oestridae)

Mouth-hooks uniformly curved dorsally; body spines sharply
pointed 5

Mouth-hooks not uniformly curved dorsally, but with a shallow
depression (Fig. 5.7A); body spines with blunt tips (Fig. 5.7A);
distribution, worldwide

Gasterophilus intestinalis (Oestridae)

Mouth-hooks strongly curved, their tips directed backwards
and approaching the base (Fig. 5.7B); body segment 3
ventrally with three complete rows of spines; body segment
11 with one row of spines, interrupted by a broad median gap;
distribution, Palaearctic ~Gasterophilus inermis (Oestridae)
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Mouth-hooks directed more laterally (Fig. 5.7D); body
segment 3 ventrally with one medially interrupted row of
spines; body segment 11 with one row of a variable number
of spines which are not interrupted medially; distribution,
worldwide Gasterophilus haemorrhoidalis (Oestridae)

Life cycle: all the species of Gasterophilus have a similar general life
cycle. Adults are short lived, with an effective adult life span of only a
few days. Adults have non-functional mouthparts and do not feed.
Females, therefore, are autogenous and may mate and begin
oviposition very rapidly after emergence. The eggs are usually laid
directly on the host, attached to the hairs in particular body regions,
most commonly on the head. The precise site of oviposition,
however, varies between the species of Gasterophilus. A
combination of the presence of an attachment organ and an
adhesive ensures effective long-term egg attachment (Fig. 5.6).

After hatching the larvae burrow into the tissues of the host,
eventually moving, by a variety of routes, into the alimentary tract of
the host. The larvae feed on tissue exudates and do not imbibe
blood. When mature, the larvae detach and are voided from the host
in the faeces. The larvae then burrow into the ground and pupariate.
Adult bot flies then emerge and egg laying begins in early summer.

IN N AN I I
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Fig. 5.7 Mouth-hooks and (below) ventral spines of the fifth segment of (A)
Gasterophilus intestinalis, (B) G. inermis, (C) G. nasalis, (D) G.
haemorrhoidalis and (E) G. pecorum (reproduced from Zumpt, 1965).
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There is usually only a single generation each year in temperate
habitats. Species-specific variations in these life cycles are given
below.

Gasterophilus intestinalis: each female attaches its light
yellow-coloured eggs to the hairs, usually on the inner forelegs, of
horses and donkeys. Several eggs may be glued to each hair and up
to 1000 eggs may be deposited by a female G. intestinalis during its
lifetime of only a few days. During grooming, the rise in temperature,
moisture and friction brought about by contact with the tongue or lips
of the horse stimulate the eggs to hatch. After hatching, the larvae
burrow into the dorsal mucosa at the anterior end of the tongue
where they excavate galleries in the subepithelial layer of the mucus
membrane. They migrate through the tongue for 24-28 days. After
exiting the tongue and moulting, second-stage larvae attach for a few
days to the sides of the pharynx and then move to the oesophageal
portion of the stomach where they cluster at the boundary of
glandular and non-glandular epithelium. Here they moult and remain
until the following spring or early summer when they detach and pass
out in the dung. Pupariation takes place shortly after in the soil or dry
dung.

Gasterophilus haemorrhoidalis: in mid to late summer, adult
females lay batches of about 150-200 eggs, attached to the hairs
fringing the lips of horses, donkeys or zebra. Moisture from licking
stimulates the hatching of the larvae. The larvae burrow into the
epidermis of the lips and migrate into the mouth. After moulting, the
second-stage larvae move to the stomach and duodenum where
they moult again. In the early spring, the third-stage larvae move to
the rectum and reattach very close to the anus. Some time later they
detach and are passed out in the faeces.

Gasterophilus nasalis: oviposition takes place in late spring
and early summer and the eggs are laid in small batches underneath
the jaw of horses, donkeys and zebra. The eggs hatch in 5-10 days
and the first-stage larvae travel along the jaw, entering the mouth
between the lips. The larvae burrow into the spaces around the teeth
and between the teeth and gums. This may result in the development
of pus-sockets and necrosis in the gums. The first larval stage lasts
18-24 days, following which larvae moult and second-stage larvae
move to the pyloric portion of the stomach or anterior portion of the
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duodenum where they attach. Third-stage larvae are eventually
passed out with the faeces about 11 months after hatching.

Gasterophilus pecorum: up to 2000 eggs are laid in batches
of 10-115 and distributed on pasture vegetation. The eggs are highly
resistant and the developed larva may remain viable for months
within its egg until ingested by horses. In the mouth, the eggs hatch
within 3-5 minutes. First-stage larvae immediately penetrate the
mucus membrane of the lips, gums, cheeks, tongue and hard palate
and burrow towards the root of the tongue and soft palate where they
may remain for 9—10 months until fully developed. They may also be
swallowed and settle in the walls of the pharynx, oesophagus or
stomach.

Gasterophilus nigricornis: eggs are laid on the cheeks of
horses and donkeys. The larvae hatch in 3-9 days and burrow
directly into the skin. They then burrow to the corner of the mouth
and penetrate the mucous membranes inside the cheek. Once they
have reached the central part of the cheek, about 20-30 days after
hatching, they moult and leave the mucous membranes. The second-
stage larvae are then swallowed and attach themselves to the wall of
the duodenum. About 60-90 days later they moult again and the
third-stage larvae are eventually passed out in the faeces in early
spring the following year.

Gasterophilus inermis: the adult female lays up to 300 eggs,
each attached individually to the base of a hair on the cheeks of
horses and zebra. After hatching, the larvae burrow into the
epidermis, and migrate towards the mouth. The migration route of the
larvae can be detected by the presence of a track, along which the
hair has fallen out. The larvae enter at the corner of the mouth and
penetrate the mucous membranes of the cheek. The second- and
third-stage larvae are found in the rectum.

Pathology: light infestations of bots are believed to have little
pathogenic effect and are tolerated well. However, bots may cause
obstruction to the food passing from the stomach to the intestine,
particularly when the larvae are in or near the pylorus. The
penetration of the mouth-hooks at the site of attachment may resulit
in erosions, ulcers, nodular mucosal proliferation, stomach
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perforation, gastric abscesses, peritonitis and, in heavy infections,
general debilitation and even rectal prolapse.

The oviposition behaviour of gasterophilids may cause
considerable disturbance and panic to horses. Ovipositing females
may be remarkably tenacious, laying eggs on mobile as well as
stationary animals. Females will pursue galloping horses and
immediately resume ovipositing when the horse stops. The high
value of many horses, the recurrent treatments and possible self-
injury by horses incurred when trying to avoid ovipositing females
make Gasterophilus intestinalis a major economic pest of equines in
North America. In the Old World, G. pecorum is reported to be the
most important pathogenic species. Mortality of horses associated
with infestations by G. pecorum, and swallowing difficulties
associated with oesophageal constriction and hypertrophy of the
musculature have been recorded.

5.7.3 Hypodermatinae

The sub-family Hypodermatinae contains 32 species in 11 genera,
one genus of which, Hypoderma, is of major veterinary importance.

Hypoderma

The genus Hypoderma contains the species known variously as heel
flies, warble flies or cattle grubs. The larvae live as subcutaneous
parasites and are relatively host specific. The word ‘warble’ is Anglo-
Saxon for boil. The primary hosts of species of Hypoderma are
cattle, deer and reindeer. There are some reports of Hypoderma
infestations of horses and sheep, but infestation is not sufficiently
frequent to be important in these hosts. The two most important
species affecting cattle are Hypoderma bovis and Hypoderma
lineatum. They are widely distributed throughout the USA, Europe
and Asia.

Morphology: adult female H. bovis are about 15 mm in length
whereas H. lineatum are about 13 mm in length. Both are bee-like in
appearance, covered with dense hair in a characteristic light—dark
colour pattern (Fig. 5.8). This colour pattern is particularly marked in
H. bovis and the thorax of H. bovis is more profusely hairy than that
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Fig. 5.8 (A) Adult female of Hypoderma bovis (reproduced from Castellani
and Chalmers, 1913) and (B) wing venation typical of Hypoderma, showing
the strongly bent vein M not joining R4.s before the wing margin, and vein
A1+CuA; reaching the wing margin.

of H. lineatum. The mouthparts of both species are are small and
lack palps.

The third-stage larvae may be distinguished from other
species of Hypoderma by examination of the posterior spiracular
plate which, in these species, is completely surrounded by small
spines. The two species may be distinguished from each other by the
observation that in H. bovis the posterior spiracular plate surrounding
the button has a narrow funnel-like channel whereas, in H. lineatum,
it has a broad channel (Fig. 5.9).
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Life cycle: adults are active only on warm, sunny days, in the
northern hemisphere, from April to June in the case of H. lineatum
and from mid-June to early September in the case of H. bovis.
Mating takes place off the host at aggregation points where females
are intercepted in flight. Females are reproductively well adapted to
their short, non-feeding life; they emerge with all their eggs fully
developed and the capacity to mate immediately and oviposit soon
after.

A single female may lay as many as 300—600 eggs during its
life of only a few days. Eggs are deposited most commonly on the
lower regions of the legs and lower body, where they are glued to the
hairs of the host animal, either singly, by H. bovis, or in batches of up
to 15, by H. lineatum. Eggs are attached by an outgrowth of the egg
case, known as the attachment organ (Fig. 5.9B,C).

Eggs hatch within a week and the first-instar larvae, which are
less than 1 mm in length, crawl down the hairs and either burrow

3

Fig. 5.9 (A) Third-stage larva of Hypoderma bovis (reproduced from Hall
and Smith, 1993). Eggs of (B) H. lineatum and (C) H. bovis (reproduced from
Smith, 1989). Posterior spiracles of third-stage larvae of (D) H. bovis and (E)
H. lineatum.
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Fig. 5.10 Third-stage Hypoderma larva in warble on the back of a cow
(reproduced from Evans, 1984).

directly into the skin or into the hair follicles. The larvae then burrow
beneath the skin. The precise pathway and pattern of this migration
depend on the species. Hypoderma bovis migrates below the skin
along nerves to the spinal cord, while H. lineatum migrates between
the fascial planes of muscles and along connective tissue. After
about 4 months, usually by autumn, H. bovis has reached the
epidural fat of the spine in the region of the thoracic and lumbar
vertebrae and H. lineatum the submucosa of the oesophagus. Here
the larvae overwinter.

Next spring, migration is resumed until, about 9 months after
oviposition, the larvae reach the skin of the back about 25 cm either
side of the midline. A characteristic small swelling, the ‘warble’, is
formed and a small hole is cut to the surface (Fig. 5.10). A cystic
nodule then begins to form around each larva. The larva reverses its
position and rests with its two posterior spiracles close to the opening
in the warble, allowing the larva to breathe. Here the larva moults
twice, during which time it grows rapidly, more than doubling in
length.

In the northern hemisphere the warbles of H. lineatum appear
between January and February up to April, while those of H. bovis
appear between March and June. After a period of 30—60 days the
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third-stage larva works its way out of the skin, drops to the ground
and pupariates. A fully grown larvae of H. bovis may be about 27—-28
mm in length and H. lineatum about 25 mm in length. The entire life
cycle requires about a year.

Mortality of larvae is high and only about 3-5% of eggs are
believed to give rise to adults in the following generation. The
numbers of larvae in individual infested cattle is usually relatively low,
with averages ranging between 5 and 20 larvae per infested animal.
However, maximum infestations of up to 250 larvae per animal have
been recorded.

Pathology: the greatest economic problem caused by Hypoderma
results from the breathing holes cut by the larvae. These greatly
reduce the value of the hide. Occasionally oedema and inflammation
occur at the site of entry of first-stage larvae. The exit hole of third-
stage larvae may also be prone to infection and it may be attractive
to other insects.

First-stage larvae of H. lineatum migrating through the
connective tissues produce yellow or greenish, gelatinous,
oedematous areas with an overwhelming eosinophil infiltration,
sometimes known as ‘butchers jelly’. Hypersensitivity may also cause
anaphalactic shock, particularly if larvae die; though this is rare.
However, the direct effects of infestation by Hypoderma on weight
gain of beef cattle are believed to bé negligible. Younger animals
appear to be more prone to infestation than older animals.

The characteristic noise and persistent ovipositing behaviour
by H. bovis can be recognized by the cattle and results in dramatic
avoidance behaviour known as ‘gadding’. Gadding behaviour may
result in self-inflicted wounding, spontaneous abortion, retarded
growth, loss of condition and reduced milk yields. In contrast, the
approach of H. lineatum to cattle is made in a series of silent hops
along the ground, hence the common name of ‘heel fly’.

The incidence and prevalence of Hypoderma can be locally
variable, but may be high. In continental Europe, for example, 40—
90% of cattle may be infested by warbles in some areas. Each
infested animal may be parasitized by an average of 15-20 (range
0-200) third-stage larvae. In the 1980s in the USA, Hypoderma were
estimated to cause annual losses of between $60 million and $600
million, primarily from loss of hide value and meat trim at slaughter.
However, after intensive control campaigns, populations of
Hypoderma spp. have been eliminated from the UK and Ireland and
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suppressed in parts of the USA and Canada, with only occasional
cases, originating from imported cattle or fly immigration, reported in
these areas.

Other Hypodermatinae of veterinary interest

Hypoderma diana is an important parasite of deer in the Palaearctic.
In the northern hemisphere the fly is most active in May and June.
The larvae move to the back of deer via the spine, like H. bovis, and
the hide damage is similar to that of cattle. Hypoderma diana will not
infect cattle; it may infest sheep but larvae do not mature properly.
Infestations of up to 300 larvae per animal have been recorded.

Hypoderma tarandi is a common parasite of reindeer in
northern Eurasia and North America. In Canada this species may
have a significant effect on caribou activity, increasing restlessness
and decreasing the amount of time the caribou spend feeding and
resting. Hypoderma tarandi is also considered to be one of the most
important reindeer parasites in Alaska and in Norway. Eggs are
attached to the hairs of the lower legs and flanks and larvae migrate
beneath the skin directly to the site of warble formation, usually on
the rump. Infestations of up to 432 larvae per animal have been
recorded.

In the genus Przhevalskiana, the goat warble, Przhevalskiana
silenus, is common around the Mediterranean basin. The larvae
burrow into the skin of goats in the same manner as the larvae of
Hypoderma. Infested animals lose condition. In southern Italy,
infestation rates ranging between 30 and 81% have been recorded in
goat herds, with a mean of 5§ larvae per animal. Younger animals
appear to be more prone to infestation than older animals.

5.7.4 Cuterebrinae

The sub-family Cuterebrinae contains over 70 species in six genera.
Two genera are of veterinary interest Cuterebra and Dermatobia.
They are found exclusively in the Nearctic and Neotropical regions
and do not occur in the Old World.
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Cuterebra

Species of the genus Cuterebra are largely dermal parasites of
rodents and rabbits but may occasionally infest dogs and cats. The
larvae cause sub-dermal nodules.

Morphology: the larvae have strongly curved mouth-hooks and
numerous strong body spines. The adults are large flies, up to 20
mm in length, covered by dense, short hair and with a blue-black-
coloured abdomen. They have small, non-functional mouthparts and
do not feed as adults.

Life cycle: females lay eggs on the ground near or within the
entrance of host nests or on grass near trails used by hosts. These
are picked up by the passing host. The larvae enter the body, directly
through the skin or through one of the orifices, and then migrate sub-
dermally. At their final, species-specific resting site the larvae
eventually form a warble-like swelling. In rodents the warble is often
formed near the anus, scrotum or tail. Larval development may
require between 3 and 7 weeks. When mature, the larvae leave the
host and drop to the ground where they pupariate. In most regions
there is only a single generation per year.

Pathology: in the warble formed around each larva, a thin layer of
necrotic tissue develops and the larva feeds off the tissue debris and
exudate. In general, the cuterebrid species are of little economic
veterinary importance. However, occasional fatal cases of infestation
have been recorded in cats and dogs.

Dermatobia

The genus Dermatobia contains a single species, Dermatobia
hominis, which infests domestic animals and humans. Dermatobia
hominis, also known as the torsalo, berne or human bot fly, is a
Central and South American species, the larvae of which create boil-
like swellings where they enter the skin.

Morphology: the larvae of D. hominis have a distinctive shape, being
narrowed at the posterior end, particularly in the second-stage larva.
The third-stage larva is more oval in shape (Fig. 5.11) with prominent
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Fig. 6.11 (A) Third-stage larva of Dermatobia hominis (reproduced from
Hall and Smith, 1993). (B) Adult mosquito carrying D. hominis eggs
(reproduced from Evans, 1984).

flower-like anterior spiracles. Adults are large, blue-black flies, with a
yellow-orange head and legs. The thorax of the adults possesses a
sparse covering of short setae. The arista of the antennae has setae
on the outer side only.

Life cycle: the life cycle of D. hominis is highly unusual; the adult
female captures another carrier insect, usually a mosquito or muscid,
on or near cattle and lays its eggs on to the carrier. The eggs are
glued side by side along their axis, usually on one side of the carrier
insect (Fig. 5.11). The eggs incubate and, when the carrier next visits
a host, first-stage larvae hatch in response to the sudden
temperature rise near the host's body. The larvae invade the host’s
subcutaneous tissues where they remain for 35—42 days. The larvae
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do not wander and at the site of penetration a small nodule of host
tissue develops around each larva. Each female D. hominis may lay
up to 1000 eggs during its lifetime, with an average of about 28 eggs
per carrier insect. When fully developed, the larvae break throughout
the host’s skin, and drop to the ground where they pupariate.

Pathology: D. hominis is a serious pest of cattle in Central America.
The cutaneous swellings can be pruritic and the exit holes may
attract other myiasis flies. Infestation may result in damage to the
hide and reduction in meat and milk production. Sheep, and
occasionally dogs and cats, may also be attacked.

5.8 CALLIPHORIDAE

The Calliphoridae are medium to large flies, almost all of which have
a metallic-blue or green sheen. There are over 1000 species divided
between 150 genera. The majority of species in the family are
saprophages, living in decaying organic material. About 80 species,
belonging to the genera, Cochliomyia, Calliphora, Chrysomya,
Cordylobia, Lucilia, Protophormia and Phormia, may be found in
myiases of domestic animals.

Most of the calliphorid agents of myiasis have broadly similar
life cycles. All are oviparous and, with the exception of species of
Cordylobia, eggs are laid in wounded, infected or faecally soiled skin
of warm-blooded vertebrate hosts. The larvae pass through three
instars while feeding on the host tissues, causing cutaneous or
traumatic myiasis. WWhen mature, the larvae enter a wandering stage
in which they migrate away from the strike focus and drop to the
ground. After a period of dispersal they pupate in the substrate, to
emerge eventually as adults.

5.8.1 Cochliomyia

Species of the genus Cochliomyia are green to violet-green blowflies
with three prominent black, longitudinal stripes on the thorax and
short palps. The genus contains four species, two of which,
Cochliomyia hominivorax and Cochliomyia macellaria, are of
particular importance, infesting cattle, horses, sheep, goats, pigs,
dogs and humans.
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Cochliomyia hominivorax

Known as the New World screwworm fly, C. hominivorax is an
obligate ectoparasite and will infest almost all warm-blooded
livestock, wildlife and humans. The natural range of the fly extends
from the southern states of the USA through Central America and the
Caribbean Islands to northern Chile, Argentina and Uruguay.

Morphology: the adult fly has a deep greenish-blue metallic colour
with a yellow, orange or reddish face and three dark stripes on the
dorsal surface of its thorax. In the larvae, the tracheal trunks leading
from the posterior spiracles have a dark pigmentation extending
forwards as far as the ninth or tenth segment (Fig. 5.12). This
pigmentation is most conspicuous in fresh specimens. Mature third-
stage larvae are about 15 mm in length.

Life cycle: females are autogenous and mate during early
vitellogenesis. They lay batches of about 200-500 eggs every 2-3
days during adult life, which is on average 7—10 days in length. Eggs
are deposited at the edges of open wounds or in body orifices, such
as the nostrils, eyes, mouth, ears, anus and vagina. Shearing,
castration or dehorning wounds are common oviposition sites, as are
the navels of newly born calves. Even wounds the size of a tick bite
are reported to be sufficient to attract oviposition. The eggs hatch
within 24 hours and the larvae start to feed gregariously, burrowing
head-down into the living tissue. The resulting wound may rapidly
become extensive, attracting other female C. hominivorax and
secondary agents of myiasis. The larvae are mature in 5-7 days
following which they leave the wound, fall to the ground and
pupariate. The entire egg to adult life cycle may be completed in
about 24 days, but this may be extended under cooler conditions.
There is no true diapausing stage and C. hominivorax cannot survive
overwinter in cool temperate habitats.

Pathology: if untreated, repeated infestation by C. hominivorax may
quickly lead to the death of the host. In the USA, C. hominivorax
used to spread north and west each summer into more temperate
zones from its overwintering areas near the Mexican border. The
infestation of livestock by C. hominivorax was a major economic
problem and, in Texas alone in the epidemic year of 1935, there
were approximately 230,000 infestations in livestock and 55 in
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humans. The annual cost of C. hominivorax control in the United
States in 1958 was estimated to be about $US140 million per year.

As a result of the economic cost of this pest, large-scale
screwworm fly control was initiated in the south-eastern states of the
USA in 1957-59. This was achieved by the release of large numbers
of male C. hominivorax which had been sterilized by radiation.
Sterilized males mate with wild females which are in turn rendered
infertile. Subsequent control operations spread the area of sterile
male release and in 1966 effective control of C. hominivorax in the
US was declared. Despite a number of sporadic, but significant,
outbreaks, effective control has been maintained. The eradication
programme has subsequently been directed against the fly in
Mexico, Puerto Rico, Vieques and the Virgin Islands.

In 1988, C. hominivorax were discovered in an area 10 km
south of Tripoli in Libya. This was the first known established
population of this species outside the Americas. The fly quickly
spread to infest about 25,000 km2. In 1989 there were about 150
cases of myiasis by C. hominivorax but by 1990, a total of 12,068
confirmed cases of screwworm fly myiasis were recorded and, at its
peak, almost 3000 cases were seen in the single month of

Fig. 5.12 (A) Pigmented dorsal tracheal trunks of Cochliomyia hominivorax,
(B) posterior spiracles of Cochliomyia macellaria (reproduced from Hall and
Smith, 1993).
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September 1990. It was estimated that if unchecked the infestation
could cost the Libyan livestock industry about US$30 million per year
and the North African region approximately US$280 million per year.
This led to the implementation of a major international control
programme which has successfully eradicated the fly from this area,
again using the release of sterile males.

Cochliomyia macellaria

Cochliomyia macellaria is a ubiquitous carrion breeder and occurs
from Canada to Argentina. However, it can act as a secondary
invader of strikes, and is known as the secondary screwworm fly.

Morphology: adults are extremely similar in appearance to C.
hominivorax, but possess a number of white spots on the last
segment of the abdomen. The larvae may be distinguished from
those of C. hominivorax by the absence of pigmented tracheal trunks
leading from the posterior spiracles.

Life cycle: adult females lay batches of about 250 eggs in carrion,
infected wounds or existing myiases. Females may oviposit together,
producing masses of several thousand eggs. The larvae feed
superficially and less gregariously then those of C. hominivorax.
Larvae reach maturity in about 6 days. Adults are most abundant in
midsummer and may be found throughout the USA.

Pathology: C. macellaria is often attracted to the wounds initiated by
C. hominivorax and the two species commonly are found together.

5.8.2 Chrysomya

Chrysomya is a relatively large genus of green to bluish-black
blowflies, originally restricted to the Old World. The most important
species in the genus is the obligate ectoparasite, Chrysomya
bezziana. However, Chrysomya megacephala, Chrysomya rufifaces
and Chrysomya albiceps are also of interest as secondary invaders
of domestic animals in various parts of the world.
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Chrysomya bezziana

The Old World screwworm fly, Chrysomya bezziana, is an obligate
ectoparasite which occurs throughout much of Africa, India, the
Arabian peninsula, South-East Asia, the Indonesian and Philippine
islands and New Guinea. In the Old World it occupies much the
same niche as C. hominivorax does in the New World.

Morphology: in the adults, the body is green or blue with narrow dark
bands along the posterior margins of the abdominal segments and
two faint dark stripes on the thorax. The legs are dark, the thoracic
squamae are waxy white and the anterior spiracle is black-brown or
dark orange. The adults have a pale-coloured face.

The first-stage larvae are creamy white and about 1.5 mm in
length. The second- and third-stage larvae are 4-9 mm and 18 mm
in length, respectively, and are similar in appearance; each segment
carrying a broad, encircling belt of strongly developed spines (Fig.
5.13). The anterior spiracle has 4—6 branches.

Life cycle: C. bezziana will infest almost all warm blooded-livestock,
wildlife and humans, and not carrion. Eggs are laid at the edges of a
pre-existing wound or in body orifices, such as eyes, ears or nostrils.
Females are normally autogenous and lay batches of, on average,
175-200 eggs every 2 or 3 days during their adult life of about 9
days. The eggs hatch in 12—18 hours at 37°C and the first-instar
larvae migrate to the wound or moist tissue where they aggregate
and begin feeding on the wound fluids. During the 6—7 days during
which the larvae feed, they burrow deeply into the host’s tissues so
that only the posterior segment and spiracles of the larvae are
exposed. WWhen mature, the third-stage larvae leave the wound, drop
to the ground and pupariate.

Pathology: in cattle, infestation by C. bezziana causes intermittent
irritation and pyrexia, followed by the production of a cavernous
lesion. The tissue shows progressive liquefaction, necrosis and
haemorrhage, before the larvae leave the wound. Histologically, two
distinct phases are observed; the first being intense neutrophil
infiltration and haemorrhage associated with the growth of the larvae.
The second is a fibroplastic healing phase in which mast cells and
eosinophils are prominent.

The precise status of C. bezziana as a clinical and economic
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Fig. 5.13 (A) Posterior spiracles and (B) third-stage larva of Chrysomya
bezziana (reproduced from Zumpt, 1965).

pest is uncertain, particularly in sub-Saharan Africa, and few studies
have been able to obtain quantitative estimates of myiasis incidence,
its clinical or economic importance. The absence of livestock
throughout much of its range in sub-Saharan Africa, due to the
presence of trypanosomiasis and its vector the tsetse fly, may
substantially limit its economic impact. However, C. bezziana has
been inadvertently introduced into several countries in the Middle
East, and such an introduction is believed to pose a major economic
threat to the pastoral industry of Australia where it has been
estimated that its cost to the livestock industry would be up to A$430
million in 1990 values.

There is no evidence to support the assertion that C.
bezziana is a less aggressive species than C. hominivorax or that the
effects of its myiasis are less pathogenic.
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Fig. 514 Adult male of Chrysomya megacephala (reproduced from
Crosskey and Lane, 1993).

Chrysomya megacephala

Chrysomya megacephala is a native of Australasian and Oriental
regions. Although largely saprophagous, this species is occasionally
found in myiases of domestic animals and humans. It is commonly
known as the Oriental latrine fly because it can breed in faeces as
well as on carrion.

Morphology: third-stage larvae are about 16 mm in length and may
be easily distinguished from those of C. bezziana by the anterior
spiracle, which in C. megacephala has 11-13 branches. In the
adults, the body is green-blue, the legs are dark and the thoracic
squamae are brown or grey. The anterior spiracle is dark-brown in
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colour. The second and third abdominal segments are dark-banded
on their posterior margins (Fig. 5.14).

Life cycle: adults are anautogenous and lay batches of up to 250—
300 eggs on carcasses, faeces and other decomposing matter. The
entire egg-to-adult life cycle takes about 8 days at 30°C.

Pathology: the larvae can cause a secondary myiasis of wounds.
They can occur in large numbers around latrines and can be a
nuisance in slaughterhouses and fish drying and storage facilities.
This species has been introduced inadvertently into the New World
and entered Brazil around 1975. Since then it has dispersed rapidly
to reach Central and North America.

Chrysomya rufifaces and Chrysomya albiceps

Chrysomya rufifaces is an Australasian and Oriental species of
tropical origin. It is morphologically similar and closely related to an
African species, Chrysomya albiceps.

Morphology: the larvae bear a number of fleshy projections on each
segment, which give these species their common name of ‘hairy
maggot blowflies’. The projections become longer on the dorsal and
lateral parts of the body. Small spines are present on the stalks of at
least some of the projections of C. rufifaces but not C. albiceps.
Third-stage larvae are about 18 mm in length. In the adult the body is
metallic green or bluish in colour and the hind margin of the
abdominal segments have blackish bands. The anterior spiracle is
white or light yellow.

Life cycle: both species are saprophagous, normally laying batches
of about 200 eggs on carcasses. However, they also may act as
facultative  ectoparasites.  First-stage larvae are entirely
necrophagous but second and third instars may also be facultatively
predaceous on other dipteran larvae. The entire egg-to-adult life
cycle may take as little as 9-12 days, the precise duration depending
on temperature.

Pathology: in Australia and New Zealand, C. rufifaces will act as a
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Fig. 5.15 Third-stage larva of Chrysomya albiceps (reproduced from Hall
and Smith, 1993).

secondary invader of sheep myiasis following initial infestation,
usually by Lucilia cuprina. Similarly, in southern Africa, C. albiceps
will also act as a secondary invader of sheep myiasis. In 1978, C.
rufifaces was introduced into Central America and has since
dispersed through Central America and into the southern states of
the USA.

5.8.3 Lucilia

There are at least 27 species in the genus Lucilia. However, only two
species, Lucilia sericata and Lucilia cuprina, are of major clinical and
economic significance worldwide as primary agents of cutaneous
myiasis, particularly affecting sheep, although they may also strike a
range of other wild and domestic animals and humans. Lucilia
sericata and L. cuprina may be described, incorrectly, as members of
a sub-genus Phaenicia by some authors. A number of other species,
particularly Lucilia caesar, Lucilia illustris and Lucilia ampullacea,
may also be found occasionally as facultative agents of myiasis.
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Lucilia sericata and Lucilia cuprina

The sheep blowflies Lucilia cuprina and Lucilia sericata are
facultative ectoparasites. Their larvae infest and feed on the living
tissues of warm-blooded vertebrates, particularly the domestic
sheep. The infestation of sheep by these species is commonly
known as blowfly strike.

The original distribution of L. cuprina may have been either
Afrotropical or Oriental, while L. sericata was probably endemic to
the Palaearctic. However, as a result of natural patterns of
movement and artificial dispersal by humans and livestock in the past
few hundred years, both species are now found worldwide, although
in general, L. sericata is more common in cool-temperate and
L. cuprina in warm-temperate and sub-tropical habitats.

Lucilia sericata is the most important agent of sheep myiasis
throughout northern Europe and was first recorded as an
ectoparasite in England in the fifteenth century. Lucilia cuprina is
absent from most of Europe, although it has been recorded from
southern Spain and North Africa. Lucilia cuprina was probably
introduced into Australia towards the middle or end of the nineteenth
century and it is now the dominant sheep myiasis species for
mainland Australia and Tasmania, being present in 90-99% of
flystrike cases. Although Lucilia sericata is present in Australia, it is
generally confined to more urban habitats.

Lucilia sericata arrived in New Zealand, over 100 years ago
and soon established itself as the primary myiasis fly in this country,
occurring in 75% of all cases of sheep strike. However, in the early
1980s L. cuprina was discovered, probably introduced from Australia,
and now, despite its low abundance, in northern areas of New
Zealand it appears to be displacing L. sericata to become the most
important primary cause of flystrike in sheep.

In southern Africa the primary myiasis fly of sheep is L.
cuprina. Although this species had been known in South Africa since
1830, little sheep strike was recorded until the early decades of the
twentieth century, possibly as a result of the introduction of more
susceptible Merino breeds or changes in husbandry practices. In
North America, L. sericata (syn. Phaenicia sericata) is an important
agent of sheep myiasis. Interestingly, although L. cuprina (syn.
Phaenicia cuprina = Phaenicia pallescens) is known to be present in
the USA, it does not appear to be important in sheep myiasis.

It would seem likely that the myiasis habit in L. sericata and
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Fig. 5.16 (A) Adult Lucilia sericata (reproduced from Shtakelbergh, 1956).
Male genitalia (aedeagus in lateral view and forceps in dorsal view) of (B)
Lucilia sericata and (C) Lucilia cuprina (reproduced from Aubertin, 1933).

L. cuprina has arisen relatively recently and independently in
geographically isolated populations, perhaps in response to changes
in sheep husbandry, with L. cuprina becoming the predominant
pathogenic species in sub-tropical and warm-temperate habitats (e.g.
Australia) and L. sericata in cool-temperate habitats (e.g. Europe and
New Zealand).

Morphology: Lucilia spp. are metallic green-coloured flies,
characterized by the presence a bare stem-vein, bare squamae and
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the presence of three pairs of postsutural, dorso-central bristles (see
Fig. 4.2) on the thorax. All the species in this genus bear a very close
resemblance to each other and for many species females are almost
indistinguishable.

Both L. sericata and L. cuprina may be distinguished from
most other species of Lucilia by the presence of a pale creamy-white
basicostal scale at the base of the wing (see Fig. 4.3), three
postsutural acrostichal bristles on the thorax and one anterio-dorsal
bristle on the tibia of the middle leg. However, the two species are
extremely similar in appearance and can only be routinely separated
using a small number of subtle morphological features, such as the
colour of the fore femur, the number of paravertical setae present on
the back of the head and, most reliably, the shape of the male
genitalia (Fig. 5.16).

Species identification is further complicated by the fact that
L. cuprina in particular is known to differ morphologically in various
parts of its range; so much so that two distinct subspecies, Lucilia
cuprina cuprina and Lucilia cuprina dorsalis are recognized. The
former sub-species is believed to be distributed throughout the
Neotropical, Oriental and southern Nearctic regions, while the latter is
found throughout the sub-Saharan, Afrotropical and Australasian
regions. However, the two sub-species interbreed readily in the
laboratory, and intermediate forms are believed to be common. The
simple division into two sub-species is, therefore, certainly an
oversimplification of the complex pattern of genetic variation which
occurs between populations of L. cuprina.

Life cycle: both L. sericata and L. cuprina are anautogenous and
must obtain a protein meal before maturing their eggs. When protein
is freely available, females deposit batches of 225-250 eggs at
three-day intervals throughout their life. Adults are diurnal and are
most active in open sunny areas. The average longevity of an adult
female is about 7 days.

In contrast to the feeding behaviour of screwworm larvae, the
larvae of L. cuprina and L. sericata usually feed superficially on the
epidermis and lymphatic exudate or necrotic tissue. Only when
crowded will they begin to feed on healthy tissue. The mouth-hooks
are used to macerate the tissues and digestion occurs extraorally by
means of amylase in the saliva and proteolytic enzymes in the larval
excreta. The larvae pass through three stages before wandering
from the lesion and dropping to the ground where they pupariate.
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The time required to complete the life cycle from egg to adult is
highly dependent on ambient temperature, but is commonly in the
order of 4—6 weeks.

Throughout most of its range, L. sericata is seasonally
abundant, in the northern hemisphere passing through three or four
generations between May and September and overwintering as third-
stage larvae. In Australia, however, there may be up to eight
generations per year and in some areas L. cuprina is able to breed
continuously.

Pathology: blowfly strike by L. sericata occurs most commonly in the
perineal and inner thigh region and is strongly associated with faecal
soiling. Faecal soiling is also an important predisposing factor for
strike by L. cuprina. However, in Australia, body strike is frequently
the main form of myiasis. Body strike occurs most commonly around
the shoulders and back region and is frequently associated with the
incidence of bacterial dermatophilosis. Dermatophilosis is a chronic
dermatitis, caused by the bacterium Dermatophilus congolensis
which invades the epidermis. Body strike in Australia is also often
associated with bacterial fleece rot, a superficial dermatitis induced
by moisture and proliferation of the bacteria Pseudomonas

Fig. 5.17 Third-stage larva of Lucilia sericata, (A) body in lateral view
(reproduced from Smith, 1989). (B) Posterior peritremes and (C)
cephalopharyngeal skeleton (reproduced from Hall and Smith, 1993).
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aeruginosa on the skin, resulting in a matted band of discoloured
fleece. It is possible that dermatophilosis and fleece rot act
synergistically in attracting blowflies and their subsequent oviposition.
There is little recorded involvement of either form of dermatitis in
predisposing sheep to strike by L. sericata in northern Europe.

The risk of myiasis by L. sericata has been shown to increase
with increasing flock size and stocking density, and to decrease with
increasing farm altitude. In Australia, flystrike has been shown to
depend on the number and activity of gravid L. cuprina and to be
higher in warm, humid conditions with low wind speeds; crutch strike
may become more important than body strike under dryer conditions
and when fly densities are low.

Sheep struck by Lucilia have a rapid increase in body
temperature and respiratory rate, accompanied by loss of weight and
anorexia. The animals become anaemic and suffer severe toxaemia,
with both kidney and heart tissues affected. The feeding activity of
the larvae may cause extensive tissue damage which, in combination
with the larval proteases produced, results in the development of
inflamed, abraided or undermined areas of skin. This may result in
considerable distress to the struck animal, a loss of fertility and, if
untreated, rapidly leads to death from toxaemia.

Myiasis has been shown to produce an immunological
response in the host. Sheep struck by L. cuprina produce specific
antibodies in the serous exudate produced at the skin in response to
the feeding activity of larvae. Repeated exposure to four or five
infestations of these larvae at 2-week intervals produces at least
partial resistance to reinfection.

In England and Wales, in 1989-90, blowfly strike by L.
sericata was shown to affect over 80% of sheep farms, where an
average of 1.5% of sheep were infested each year, equating to
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