Chapter 1

The Importance and Diversity of
Arthropod Ectoparasites

1.1 INTRODUCTION

The arthropods arc a bewilderingly diverse
assemblage of invertebrates, contalning over 80%
of all known animal species and occupying almost
every known habitat. They include such familiar
anitals as flies, crabs, centipedes aad spiders as
well as a plethora of small and little known
SrOUPs.

There are rmore species of arthropod than all
other animals on earth combined: over a million
species have heen deserthed and millions more
may be awaiting description  or discovery.
Duzzlingly beautiful, behaviourally complex and
scologicelly essential, they play fundamental roles
in almost all biological communities and ecosys-
tems.

Among the great varicty of species of arthro-
pod and hfestyles that they display, a relatively
small number have developed the ability o live
dirgctly at the expense of other animals, known as
hosts. This relutionship is to the detriment of the
host but does not usually kil the host immedi-
ately. This is described as pargsitism. The depree
of hurm caused by the parasite may vary con
siderably, and may only be evident at certain
simes, such as when the tost is in poor condition
or the parasite density is high. It is important Lo
stress that the parasite lives at the expense of the
host and to distinguish parasitic from conmensal
relationships, in which the host neither benefits
nor is harmed. Harm may be defined in practical,
proximate terms, as a reduction in factors such 4as
condition, mobility or growth of the host, or in
ultimate, evolutionary terms as a reduction in the
ability of the host 10 pass on its genes (o the naxt
gengration.

Arthropods parasitise & wide range of hosts,
including  other arthropoeds, This book 18
concerned  specifically with the econemically
impostant arthropods which spend zli or some
portion of their lives parasitising livestock, poul-
Iry or compunion animals. These parasites, with a
few exceptlions, live on or hurrow into the surface
of their host's epidermis and are generally
igseribed as ectoparasites,

1.2 ECTOPARASITE HOST
RELATIONSHIPS

Wiihin the bread definition of parasizism given
above, the association between arthropod ccto-
parasite and vertebrate host may take 4 variety of
forms. In some cases the pargsite may be totally
dependent o the host. in which case the para.
sitism is deseribed as abligatory. Alternatively. the
parasite may feed or live only occasionally on the
host, without being dependert on it, in which case
the parasitism is described as facultative.

The host provides a number of important
resources for the ectoparasite. Most vitaily, the
host supplies a source of food, which may be
Blood. lymph, tears or sweat or the debris of skin,
nair or feathers. The host’s body ¢so provides the
cnviromment in which many ectoparasites live,
generating warmth, moisture and, within the skin
or hair, a degree of protection from the external
enviromment. The host may also provide ‘rans-
portation from place to place for the parasite,
sitc at which to mate and, 1 many cases, the
means of transmission rom host <o host,

Despite the benefits of 4 close association with
the host. there is considerabie variation v the
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amount of fime 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 through-
out their life-cycle and are therefore highly
dependent on the host. ‘The majority of ectopar-
asites, however, have only intermittent contact
with their host, and are frec-living for the major
portion of their life-cycles. In some cases ecto-
parasites, such as many of the species of mite, are
highly host-specific: only one host species i3
exploited and, in some wstances, the parasite can
exist only on one defined area of the host’s body.
Qther species are able to exploit a wider range of
hosts,

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

1.3 ECTOPARASITE DAMAGE

As a result of their activity, arthropod ectopar
asites may have a vartety of direct and indirect
effects on their hosts, Direct harm caused may be
due to:

e Blood loss: although each individual ectopar-
asite only removes a4 small volume of blood
from a host, in large numbers the blood
removed by feeding may be directly debilitat-
ing and anaemia is commen In heavily infested
hosts. I one study in the USA it was estimated
that over 90 kg of blood was removed by ticks
from 4 cow over a single season, Similarly, the
feeding of horse flies may be responsible for
the loss of up to 0.5 litres of bleod per day from
cattle. Two hundred fleas feeding on a kitten
may be capable of removing up to (0% of the
animal’s blood over g peried of several davs.

» Myiasis: the infestation of the lving tissues
with fly larvae causes direct damage to
carcasses or skin,

e Skin inflatnmation 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). "I'he presence
of ectoparasites on or burrowing into the skin
can stimulate keratinocytes to release cyto-
kines {e.g. IL-1) which leads to epidermal
hyvperplasia and culaneous inflammation. The
antigens  produced by ectoparasites {e.g.
salivary and faccul) can in some individuals
stimulate an inmune response leading to
hypersensitivity. Sarcoptes scabiei infestation
m the dog, for example, leads to an Igk-
mediated type [ hypersensitivity which is
manifested in severe cutanecus inflammuation
and pruritus.

e Toxic and allergic responses: caused by anti-
gens and anticoapgulants in the saliva of blood-
feeding arthropods.

The behaviour of ectoparasites also mayv canuse
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 twitch-
ing, tail switching or scratching, Cattle under
persistent attack from flies may congregatein a
group with their heads fucing the centre, Sheep
under attack from nazal bot flies may be seen
pressing their nosirils 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. Different individuals of 1
host population usvally vary considerably in
the fevel of parasitism and this may be asso-
ciated with their behavioural responses. For
example, in cattle the wore passive individuals
and tolerant individuals tend to be most
heavily attacked by blood-feeding flies.

s Selftwounding: the activity of particular ecto-
parasites, suchi as warble flies, may cause
dramatic avoidance responses in the intended
host, known as gadding. The stampeding
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animal may inflict serious self-injury following
collision with fences and other objects.

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

In addition 1o direct effects, one of the most
unportart roles of ectoparasites is in their action
as vectors of pathogens. These pathogens include
protazod, bacteria, viruses, cestodes {tapeworms)
and nemalodes (round worms). Pathogens such
as Dbacteria and viruses may be transmitted
directly to new hosts, the ectoparasite acting as a
mechaznucal vector. These pathopens may be
picked up on the body, feet or mouthparts when
the ectoparasites feed. Mechanical transmission
usually has to occur within a few hours of the
original contact with tke infected host, because
the survival of most pathogens is relatively limited
when exposed outside their host.

Alternatively, for many protozos, tapeworins
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
arthroped serves as an intermediate host and is
known as a biclogical vector. Again the vector
acquires the pathogen from an infected animal
when it feeds. After development of the pathopen
inn the vector, the vector becomes infective and can
transmit the pathogen when it next feeds. In
contrast to mechanical transmission, biological
tratsmission requires a period of time between
acquisition of the pathogen and the maturation of
mfection. The vector may then remain infective
for the remainder of its life. The effects of
pathopens 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 alter-
rative vertebrate hosts which are immune or only
mildly infected by it. For example, the bacterium
Yersinia pestis, which cuuses bubonic plague
known as ‘the black death’, is endemic in wild
rodent populations. However, in domestic rats
and humnans, to which it Is transmitfed by fleas, it
is highly pathogenic. Such alternate hosts are
known as reservoirs of discase.

The direct damage caused by most ectopar-
asites 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 welfure
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 ekert, a major impact on the
history  of humans and their domesticated
animals.

1.4 THE EVOLUTION OF
ECTOPARASITE—HOST
RELATIONSHIPS

Insects and related arthropods probably arose at
least 500 millien vears ago, 300 million vears
belore 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, und
possibly several times, independentiy 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 arthro-
pods initially may have fed on generai organic
matter, and then moved to scavenging detritus,
such as skin or hair, preseut in a vertebrate lair or
iest. From here, coupled with the generalised
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feeding habits, it is only 4 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 biood-feeding.

The second route to ectoparasitism may have
involved arthropods which had existing adapta-
tions 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 ocen-
stonally opportunistically fed on blood in
wounds, or they may have been active predators,
in the adult or pre-adult stages, perhiaps of otiner
arthropods, Again, “rom taking the occasional
meal from a vertebrate some subsequently may
have switched to depending on blood as a food
source,

These 1wo evolutionary pathways mvolve
similar adaptations, but they have led to very
diTferent relationships with the host. The gen-
erally accepted viewpoint throughout most of the
fwentieth century has been that commensalism or
very muld parasitism is the incvitable eventual
evolutionary end product of host—perasite co
evolution. It was thought that parasites would be
sclected to minimuse the dumage that they did ‘o
the host and that virulenr (damaging) purasites
were more recently evolved and were poorly
adapted. This was because more virulert parasites
might quickly weuken and damage the host and, if
the host were to dis, either as a direct result of the
parasitism or perhaps because the weakened host
might succumb to discase or predation, the ecto-
parasite would lose the benelits of a predictable
food supply, protection from the external envir-
cnment and its means of dispersal. However,
maore recent work has snown that there may be
good evolutionary reasons to expect a wide range
of levels of pathogenicity and damage caused by
different purasites, depending on the particular
behaviour and ecology of both the parasite and
nost, and the way in which these two animals
inerac:.

Ectoparasites, such as many of the lice or mites,
which live in relatively permanert assoclasion
with their hosts, are usually small, with relatively
tow mobility. The risks and  urcetainties
associated with living without their host and

having to find another meal are sufficiently high
that for these animals excessive virulence, leading
to tne 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 minimal damage and. in some cases, exist-
ing almost as commensals, ¢.g. species of Dewnro-
dex mites. In many cases these arthropods may
well have followed the {irst evolutionary route to
ectoparasitism; even before becoming ectopar-
asites they werg pre-adapted to living in close
association with vertcbrates and tieir survival
and dispersal depended on the continued exis-
tence and health of the vertebraie with which they
were assoctated.

In conftrast, an cctoparasite that (a) was
relatively mobile, so that it could find a4 new host
quickly and efficiently, {b} was relatively resistant
10 the adverse =Tects of climate, so that it could
survive without its host and (¢} had a broad range
of relatively abundant hosts on which 11 could
feed, might be expected to evolve higher levels of
virulence to maximise the amount thar could be
‘extracted” from a host as quickly as possibie. For
such an ectoparasite, the death of the host would
be of little importance since it could survive well
independentiy and frd a new host quickly when
needed. Ar:hropods with these characteristics,
wiiich inflict relasively high levels of damage. such
as many of the blood feeding flies and ticks, may
have followed the second evolutionary route to
parasiism, starting off as free-living scavengers
or predators  which  subscquently  became
opportunistic feeders on vertsbrates.

Of course, varying degrees of virulence betwesn
the extiremes described will have evolved,
depending on the precise interactions between tne
ectoparasite and host. The associzlions scen
today between ectoparasites and hosts are also
the outcorwe of the response of the kost to the
cetoparasite. From the perspective of the nost, the
atiention of any parasites 13, by delinition,
unweicome. Ag arthropods evolved new ways of
exploiting their hosts more effectively, the hosts
elso evolved strategies “o combat the activities of
the ectoparasites. These range from immune
responses to behaviours such &s  grooming,
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periodic changing of nest sites or bedding, or even
seasonal mass migrations to avoid argas of high
parasite density. Hosts that were better able to
tolerate their ectoparasites, minimised 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 1o try to get round or exploir these host
responses. Hence, over the millions of yeurs, 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,

However, in relatively recent history, the
associations befween ectoparasites and their hosts
have been subjected to a number of dramatic
changes, mediated by human activily, which have
resulted in a substantial shift in the nature of
many parasite ‘host relationships.

1.5 A MODERN AND GROWING
PROBLEM?

During the lite mesolithic and early neolithic
periods, 10000 20000 years ago, hivestock and
compation animals were first domesticated and
farmed by humans (Fig. [.1). This development
has continued o the present day and has been
combined with rapidly growing human popula-
tions, expansion and settlement In new arcas,
increased rates of human movement worldwide
and increasing urbanisation,

Fig. 1.} Detadi irom Tomb 3, Beni Hasur:, Egypt (from
Newberry, 1893},

The massive increasc in human populations
has necessitated a growing intensification of
animal husbandry, not oniy to meet the
immediate demands for food and animal pro-
ducts such as woel and leather, but also o
provide draught animals and fulfil the multi-
tude of roles that animals play in human
socisty. More and more animals have been
reared using meore intensive husbandry prac-
tices, T'his presents ectoparasites with a4 super-
abundance of hosts. The higher host density
increases the potential for ectoparasite
transmission and allows ectoparasites, adapted
‘o gxperience huge mortalities associated with
finding a new host. to build up massive popu-
lation densities in very short periods of time.
The artificial seiection of livestock, poultry and
companion animals for domestication and
high productivity has been associated in many
cases with a reduction in resistance to ecto-
parasite damage and the exaggeration of
feawnres which confer greater suscepitibility 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 cuter hairs are known as
kemps. 1n highly domesticated sheep, these
kemps are absent and the fleece consists
entively of the woolly undercoat which grows
ail yeur round. Selection for a longer, thick
fleece has increased the susceptibility of sheep
to various types of diseasc and ectoparasite,
particilarly blowfly myiasis,

With the increasing global movement of
human populations, domestic animals huave
been transported into new areas of the world
where they are artucked by endemic ectopar.
asites to which they have little or no resistance.
This has been the case particularly with the
imtroduction of domestic cattle, Bos faurus,
into argas where they are attacked by a wide
variety of ectoparasites and ecloparasite-borne
diseases, which previously existed only on
indigenous Bovidae or other Artiodactyla. The
rmovement of humans and domestic animals
has also allowed the introduction of ectopar-
asites into areus in which they were previousiy
absent. such as sucking Jice (Anonlura)
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introduced into Anstralla with sheep. In the
near future, the majority of the world popu-
lation will live in urban areas. This growing
urbanisation of humans and their associated
companion animals provides arthropods and
arthropod-borne disedases with a large, con-
centrated pool of potential hosts and enables
ectoparasites to transfer between individual
hosts more readilv. Tn addition, in houses,
which they frequently share with their com-
panicn ammals, humans have ¢reated condi-
tions 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 care-
fully confrolled temperature, humidity and
lighting, a protective microhabiiat and a
regular supply of hosts.

1.6 AN INTRODUCTION TO
ARTHROPOD STRUCTURE AND
FUNCTION

To those unfamiliar with invertebrate morphol-
agy and physiclogy, arthropods can  seem
dauntingly complex. 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 presenied, with specific referernce to the
ectoparasites of veterinary interest, This is by no
means a comprehensive examination of the sub-
fect. A huge range of variation exists in the mor-
piology and physiology of this diverse phylum
and for a more detailed treatment the reader is
referred 10 more specialist texts at the end of the
chapter.

1.6.1 Arthropod segmentation
Arthropods are metameric, that i they are

divided into segments. However, within 4 number
of arthropod classes. particularly the arachnids

and the insects, there has been 4 tendency for
segmentation to become reduced and, in many of
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 funetions, often associated with feeding,
oviposition or mating, However, even in those
arthropods that have almost lost their segmenta-
tion, it can usually still be seen in the embrvo,

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 tagmatisation. Each
tagma contains a specific set of segments and is
specialised for functions different from those of
the other tagmata,

1.6.2 The arthropod exoskeleton

The exoskeleton is the outer covering which pro-
vides 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 lmitations.

The exoskeleton is non-cellular. Instead it 1s
composed of a number of Jayers of coticle which
are secrcted by a single outer cell layer of the body
knowr 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, filbrous molecules
containing nitrogen. The chitin molecules are
bundled into microfibrils which are aligned par-
allel to each other. The paralle]l microfibrils are
only loosely bound side by side to each other in
sheets, so they are flexible across their axis but are
very resistant to stretching — like a rope. Protein
chains run between the microfibril bundles, to
form a stable, complex glycoprotein. In this state,
therefore, cuticle is naturally pale-coloured and
flexible. I'or extra strength the exocuticle may be
tanned, or selerotised. ‘I'his is where the proteins,
interwoven between the chitin bundles, become
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Fig. [.2 A winged damselfly {a} and primitively flightless siverfish (b}, showing division of the dody into head,
thoracic and abdominal segments {reproduced from Gulien & Crauston, 1994).

fightly cross-linked with quinones, providing
extra strength frowm the additional cross-linkages
formed with the cuticular proteins. The sclero-
tised cuticle 1s hard and dark in colour,

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 cate.

Epicuticig~..

Exccuficlc

"1| 'gi"ﬂ'ﬁ‘,l

Endocuticlo h] I d;kfh i i lr“ | gories: those which are simply fine foldings of the
Wik i 24 .' %lﬁﬁl i outer Javer of the cuticle (migrotrichiae) and those
o i BRARS AR ar/ St f which are articulated, such as setae {macro-
= s— 7 W Ea | . w . . . .
=pidermis N \’.: / ‘l'\'*‘lﬁk trichiae}), Microtrichiae can be very fine and give

the arthropod distinctive, often irridescent, col-
our patterns. The articulated setae are attached to
Fig. 1.3 Dizgrammatic section through the arthropod the cuticle by a thin membrane in a pit knows as
integumer::. the alveolus. Setae arc hollow outgrowths of the

Tormoyen cell  Trickogen cell
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epicuticle and exocuticle, secreted by a trichogen
cell (Fig. 1.3). The socket is secreted by a tormo-
gen cell.

Movement is made possible by the division of
the cuticle into separare plates, called sclerites.
Primitively these plates are confined to segments
and the cuticle of each segment is divided into
four pnmary plates: a dorsal tergum, two lateral
pleura and a ventral sternum (Fig. 1.4). However,
this pattern has frequently disappeared either
because of fusion or subdivision of the segments.

Drsai
verssnl

R
4 BleLron | A
Sternurm

Fig. 1.4 Cross-section througn the exoskeieton of o
gererdiised arthropod. showing the tergem, pleurorn
and sterrun of » single segment,

Plates are connected by lexible intersegmental
or articular membranes, where the cuticle 15 rot
sclerotised and is flexible. These joints allow the
body to move. In most arthropods the interseg-
mental membrane is folded beneath the segment
in front {(Iig. 1.3). The muscles attach on the
imside of the exoskeleton, the opposite of the
vertebraie body plarn. Muscles are often attached
1o rod-like Invaginations of the cuticic called
apodemes {Fig. 1.3). The soft, flexible, unsclere-
tised cuticle present at the joints of the adult
arthropod exoskeleton alse occurs in the integu
rrent of larval arthropods.

Colour Is very important in many groups of
arthropds, providing warning colouration, sexual
recognition signals or camouflage, for example.
The colours of most arthropods are produced by
the deposition of vellow, orange and red car-
olencid or brown melanin pigments within the
cuticle. However, iridescent greens and purples
may resull from structural features of the cuticte

Fig. [.8 {a) Articulation of g penerelised arthorpod leg
joirt. (b A mulicelluler apodeme. (¢} Intersegmenta!l
aricwiation, showing the intersegmenzal membrang
foided beneath the semnental exoskeleton {after
Snodgrass, (933

itself, such as microtrichiz, which selectively
scalter or reflect light of specific wavelengths.

1.6.3 Jointed legs

The natne arthropod is derived from the ancient
preek arthron, moewing joint, and pows, meaning
foo:, Primitively each arthropod segment bears a
pair of ieg-like appendages. However, the number
of appendages has frequently been modified
through loss or structural differentiation. In
insects there are always three pairs of legs. In
mites and ticks there are three pairs of legs in the
larval life-cycle stage and four pairs in the nym-
phal and adult stages. The cuticuwiar skeleton of
the legs s divided into tube-like segments con-
nected to one another by articular membranes,
creating joints at each Junction (Fig. [.5). Tne legs
are usually six-segmented.

1.6.4 Spiracles and gas exchange

The process of petting oxvgen to the tissues has
been solved in many different ways by the var-
tous groups of arthropods. For some of the
smallest arthropods we will meet in this text, the
exoskeleton is thin and lacks a waxy epicuticle,
For these animals oxyvgen and carbon dioxide
simply diffuse directly across the cuticie, How-
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ever, tnis method of gus oxchiange is oniy func-
tional over very short distances ard for very
stmall animals. 11 most of the terrestrial groups
of arthropod ectoparasite to be considered in this
book, the protective cuticle is punctured by a
number of openings. In the insects these open-
ings are called spiracles; in the mites and licks
they are called stigmata. Spiracles or stigmata
mauy be se! in & sclerotised cuticular plate called a
peritreme. Insects. at most, have two pairs of
theracic and eight pairs of abdomiral spiracles.
This number is frequently reduced. Mites and
ticks may have anything from none up o four
pairs of stigmata, when present, usually located
on the anterior half of the body.

Fpltheial eells

Trachea

Tracheole call

Ny
Tachool v/ \.<'_'*1

Tracnoe e fi JJU

Fig. 1.6 A spiracle, trachea and tacheoles {afer
Snoedgrass, 1935%

Typically spiracles or stigmata open inlo g
chamber or atriwm with 2 mechanism for opening
or ciosing, called a valve. The openings lead to
cutivle-lined air-conducting tubes called tracheae,
formed by invaginatior of the epidermis during
development. The trachiese form longitudinal and
tramsverse iracheal trunks that interconnect
among the scgmeris. The tracheac branch
repeated’y s they extend to all parts of the body
{Fig. 1.6). In some, pasticularly fas: fiying insacts,
part of the tracheal system is expanded to form air
sacs. The branches of the tracheae end within the
cells of muscles and other tssues in extremely fine
tracheoles whicli are the principal sites of gas
exchange. The ends of the tracheoles contain fluid
and are usually less than 1um ‘n diameter.

Tracheoics are particularly nuamerous in dssues
with high oxyger regquirements.

Other types of arthropod. not considered here.
show completely different adaptations for gas
exchange; the terrestrial scorpions and spiders for
example have book lungs. while the aguatic
crustaceans have gilis,

Ventilation

Oxygen enters through the respiratory openings
and passes down the trachien, usuaily by diffusion
along # concentration gradient, Carbon dioxide
and {in terrestrial insects) water vapour move i1
the opposite direction. Water loss 1s 4 major
problem for most terrestrial arthropods and for
them gas exchaage is often a compromise between
getting enough oxygen into the body while mak-
ing sure thet they do not desiceate. Hence in
periods of inuctivity the respiratory openings are
often kept closed, only opening perfodically

Diffusion is only effective over smail dist .r,-_nces.
Hence, in large and active insects active pumping
movements of the thorax and/or abdomen may be
used (0 help to ventilate the outer parts of the
tracheal system. Rhythmic thoracic movements
or compression/ielescoping of the abdomen help
to expel air from the outer trachea or the air sacs.
Co-ordinated opeaing and closing of the spiracles
usuaily accompanies ventilation movements and
serves to cffect a unidivectional flow of wuir.
Anterior spiracles open during inspiration and
posterior ones during expiration.

1.6.5 The arthropod circulatory
system

The arthropod circulatory system 1s velatively
simple. consisting of a series of contral cavities or
sinuses, called a haemocoel, separated by mus-
gilar sepia. The hacmocoel contains blood, calied
haemo]ymph In contrast to vertebrates, the
hasmolym ph is ot involved i gas exchange. The
volume of the hasmolymph may be substantizl:
20 40% of body weight. Haemolyr:ph is a watery
fluid composad  of an aqueous solution of
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inorganic lons, lipids, sugars, amine acids,
proteins, organic acids and other compounds and
ells. Tt is often clear and colourless but in some
species may be pigmented  green, biue (or rarely
red). All chemical exchanges between organs are
mediated by the huemolymph: hormones are
transported, nutrients are distributed {rom the
gut, wastes are removed from the excretory
organs. However, hasmolymph does not come
into contact directly with the cells because the
internal organs and the epidermis are covered by
a basement membrane,

In most mites the circulatory system consists
ouly of a network of sinuses. Circulation prob-
ably results from contraction of body muscles.
Insects, on the other hand have a functionsl
equivalent of the heart, the dorsal vessel {Fig. 1.7).
This vessel varies in position and length i dif-
ferent arthropod groups, but i all of them the
dorsal vessel consists essentizlly of a wide tube
with one or more chambers, running aleng the
length of the body and perforated by pairs of
lateral openings called ostia. The ostia only
permit a one-way flow of haemelymph into the

N w
.y . \Wing
I;( ,\\‘) /f T Dorsal
Artenna . (I )J’f 3y diaphragm
(e Brain " Dorsal vessel )
s é )} i e’,_,ﬂl .J.«f./ e | Ostm

=
vy ;L'.J;é-lf’—‘/ﬁ_::{%?ﬁ? s
e O

Ty

Ventra. Ventral
\ diaphragts  nerve
corg
fa) ..
@) Dorsal - porgy|
Poricardial ~ vessel diaptragm

sinus

Vantral

Perineural h
diaphragm

sinus

Venfral
it nerve corg

Fig. 1.7 Generalised arthropod circulatory system. (&)
Lorgitudinal section through the hody. (b} Transverse
section throvgh <he abdomen {(reproduced from: Gultan
& Creznstor, 1994, after Wigalesworth, 1972).

Gastrfc  Ma.oighiar
CARCI tubJ es
L,rop \_ ‘
Qascpiagls T ‘“\,

,ha'yq)/( .\/ \I :

Pty (‘ulqs

leun

T .
Paftropric
mempraTe

. Baivary
Vot gand
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dorsal vessel. The dorsal vessel lies in a
compartment of the haesmocoel called the peri-
cardial sinus.

The dorsal vessel pumps haemolymph forward
towards the head and eventually into sinuses of
the haemocoel in the head. Haemolymph then
percolates back through the haemocoel to the
pericardial sinus, until it 1s agan picked up by the
dorsal vessel, The pericardial sinus is separated
from the main compartment of the laemocoel by
a septum known as the dorsal diaphragm (com-
posed of musies and connective tissue). The
dorsal diaphragm supports the dorsaf vesssel and
is punctured by a series of segmental openings.
There is ulso a ventral diaphragiu, associated with
the ventral nerve cord. Circulation is aided by
peristaltic coutractions of the ventral diaphragm,
which dirgct the haemolymph backwards and
laterally. Haemolyruph is generally circulated to
appendages unidirectionally by various tubes,
septa. valves and pumps. Muscular pumps are
called accessory pulsatile organs and occur at the
base of the antennae and legs.

1.6.6 The arthropod nervous system

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

The central nervous sysiem consists of a dorsal
brain in the liead which is connected by a pair of
nerves which run around the foregut to a series of
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veniral nerve cord gungha (Fig. 173 In the

embryo gach segment gives rise to a palr 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 gunglion and no abdeminal ganglia, and

Corneal eng —

Corneagencus ol

Rhabdom
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Fig. 1.9 (2} Head of a dregon fly, s

11

in the mites and ticks there is only a single
¢ephalothoracic ganglion.

1.6.7 Digestion and absorption
The gut of an arthropod is essentially & simple

tube that runs from mouth to anus (Fig. [.8).
Nutrients are absorbed across the gut wall
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showing two large compound eyes and, betweer them, three ocelli. {b)

Longitadina. section through an onumatidium with aa enlargement of 4 transverse sectior. (¢} Longitudinal section

through an ocellus (from Gulian & Cranston, 1994).



2 A\

Veterinary Ectoparasites: Biology, Puthology and Control

directly into the hacmolytnph. The precise shape
of the gul varies between arthropods, various
outpockets or large digestive glands being pre-
sent, depending on the precise rature of their diet.

In insects, the gut is divided into three sections:
the foregut, midgut and hindgu: (Fig. 1.8). The
foregut and hindgut consist of invaginations of
the exoskeleton at :he mouth ard anus, respec
tively: therefore they are lined with cuticle. In
fluid-feeding arthropods there are prominent
dilator muscles which attach to the walls of the
pharynx, to form a pump. The foregut s con-
cerned 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 may be armed with testh and
functions in the crushing and grinding of food.
The midgut is the principal site of digestion and
absorpsion. It has a cellular hning which secrctes
digestive enzymes. Absorption takes place largely
it the antesior of the midgut, in large outpockets
called gastric caecae. The hindgut terminales in
an expanded region, the rectum, which functions
i the ahsorption of water and the formation of
faeces. Nitrogenous wastes are eliminated “rom
the haemocoel by long, thin projections culled the
Malpighian tubales, which open into the gut at the
junction of the mid- and the hindgus. [n mites and
ticks the gut follows a broadly similar plan, but
may be simplified, often with only ore pair of
Malpighian tubules.

1.6.8 Arthropod sense organs

The sensory receptors of arthropods are usually
associated with medifications of the chititous
exoskeleton, One common (ype of recepior is
connected with hairs, bristles and sctee. The
bristle may pe desipned so that it acts as a
mechanoreceptor, movement (riggering  <he
receptor at its base. Alternatively, the bristie may
carry chemoreceptors. Other common modifica -
tions for receptors are slits or pits ir: the exoske
leton. These may house chemoreceptors or the
opening may be covered by a memdriaie with a
nerve ending attached to its underside, 1o detect

vibratiors. Such receptors may be scattered over
the body er concentrated on upperdages such us
the legs or antennae.

Most arthropods have eyes, but these can vary
greatly in complexity. Some contain only a fow
photorcceptors. For example. in the stemrnata of
larval holometabolous insects and the ocelli of
larval and adult hemimetabolous insects, a cor-
neal lens overlies from 1 to 1000 sensory cells
{Fig. 1.9). These simple eyes do not form images
bul are very sensitive at tow light intensities and
te changes in light intensity. Other types of
arthropod eve, kuown as compound eyes, are
large and complex with thousands of retinal cclls
(Fig. 1.9}.

The compound eyes of Insects and many
crustaceans are composed of many long, cylind-
rical units, Each unit. called an ommatidinm is
covered at its outer end by a translucent cornes,
called a facer, derived from the cuticle. The facet.
which is oftern hexagonul, functions as u lens.
internzl 1o the cornecd, the ommatidium contains
a long, eylindrical element called the crystalline
cong which functions as a second lens. Behind
this, elonguted retinula nerve cells, usually eight in
number, are packed together im g 1411, translucent
cylinder, Each retinula cell is wedge-snaped and
the inner part of sach, know: as a rhabdomere, 18
folded to form microtubules runsing perpendi-
cular to the axis of the ommatidium. ‘The junction
of these microtubules running down the centre of
the retinula celis 15 known collectively as the
rhabdom. ‘I'he retinula cells contain black or
hrown photosensitive motecules of 4 protein-
retirene complex cailed rhodopsin.

The ratinuta nerve celis are also surrounded by
a4 ring of jight-absorbing pigment cells which
screen the light entering each ommatidium from
its reighbour.

The rhabdorreres of an ommatidium function
48 a single photoreceptor unit and transmil a
signal that represents o single point of [ignt.
Individual ommatidia cannot form a detailed
image and oniy overall iight intensily is registered.
Fach orrmatidium poirts n a slightly different
direction. The image formed by o compound eye,
therefore. represents a series of apposed poinis of
light of different intensities, tormed an upposition
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image. The delail available depends on the mum-
ber of ommatidia present. There Is no mechanism
for accommodation and the principai 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 coruneai surface is highly convex,
resulting in & wide visugl field. In addition, many
arthropods have colour vision, mediated by var-
iatiens in the visual pigment in the retinula cells.

However, an apposition image does not wors
well at low light intensity. Therefore, in artoro-
pods adapted for living in conditions of low light
intensity. the screening pigment i retracted so
that light can pass from one ommatidium to the
next. forming a superposition imege, While this
image is less sharp, this maximises light gathering.
making it more hkely that a rhabdom will be
stimulated than if 11 was dependent onty on gt
entering its own facet. Ir addition, a mirror-like
layer at the back of the eve, known as the tape:
tumt, serves to reflect light a sccond time through
the rhabdorm.

1.6.9 Arthropod reproduction

In arthropods the sexes are separate and mating s
usually required for the production of fertile eggs.
However, in some species imales may be ahsent
and females reproduce by parthencgenesis, pro-
ducing identical genetic copies of themselves,
Most arthropods lay egzs. However, some spe-
cies, such as the flesh flies, are ovoviviparous and
retain their eges internally until they hatch, They
then larviposit live first-stage maggots. Other
species, such as the sheep ked or tsetse fly, are
viviparous, retaining the larvae und nourishing
them until they are fully developed.

The fermale reproductive system 18 composed of
a pair of ovaries (Fig. 1.10). Each ovary is divided
into egg tubes, or ovarioles. The ovarioles join the
bateral ovidect which in turnm meets a median
ovidugt. This often ends in an ovipositor. A
portion of the median oviduct may be expandsd
to receive the aedeagus during copulation,

The mele reproductive system is  usually
composed of a pair of testes, each subdivided into
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Fig. .10 Generalisec (a) femrale and (b} male
reproduct ve systems {from Guilan & Crarstor, 1994,
after Snedgruss, 1935),

z set of sperm tubes or follicles in which the
forntation of sperm takes place (Fig. 1.10). The
follicles join the vas deferems, which is often
expanded into the seminal vesicle which stores the
speitn. The vas deferens join a common gjacula-
tory duct which ends in the external genitalia,
with an intromittent organ. the penis. or asdea.
gus. Accessory glands produce secretions which
may form a packet, called a spermatophore, which
encloses the sperm and protects 1t during
insemination.

Sper may be delivered directly to the female
guring copulation or, as in some species of mite,
the spermatophore 1s deposited on the ground
and the fernaie is induced to walk over and pick
up the spermatophors with her genital opering.
Sperm are usually stored by the “emalg in simple
seminal receptacles or more complex organs
called spermathecae. As an ovulated cpg passes
down the median oviducet it is fertilised by sperm
released from the spermathecac. Accessory glands
join the median or lateral oviducts and in many
species produce secretions that coat and protect
the sggs.

1.6.10 Arthropod size

The patterns of arthropod anatomy and
physiology ure intimately relited to their size. The
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lurgest terrestrial insects and spiders weigh no
more than about 100 g and the smaliest 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 of over 3.5 nt. The respiratory and cir-
culatery systems described above, for example,
are both efficient for arthropods but would not
work for larger animals. The exoskeleton can
provide remarkable rigidity but, because mass
increases by the cube while surface area increases
by the square, an exoskeleton for 4 manimal-sized
arthropod would be too heavy 1o 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, small animals have muscles with
a low cross-sectional area-to-volume ratio, rela-
tive to larger animals. Thus, 4 cat flea can jump
about 30 cm, which would correspond 1o a jump
of about 300 m for & human.

1.7 PATTERNS OF ARTHROPOD
DEVELOPMENT

1.7.1 Moulting

An external skeleton results in problems for a
arowing animal, since it essentially encases it in a
frame of fixed size. The solution evolved by
arthropods is the periodic shedding of the exo-
sketeton, 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 (chitirases
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 aiso produced. Exocuticle is absent along spe-
cific 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 inges-
tien of air or water, Once expanded, quinenes
cross-link cuticular proteins of the new procuticle,
particularly in its outer lavers, forming exocuticle,
This cross linking results in hardening and dar-
kening of the curicle. 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.

The stages between moulis are known as stages,
or stadia, and the form of the stadium as the
instar. This terminology is confusing and is often
confused in the sclentific [iterature, But, in its
sumplest form, moults that give rise to new char-
acters produce new instars. Hence, for example, a
fly larva mounlts twice, but the larva remains
morphologically very similux; these are thersfore
correctly termed the first, second and third stages
of the larval instar.

The duration of each stadium becomes longer
as the animal becomes progressively older. In
many insects the growth which is achieved at each
monunlt is predictable and dependent on the size of
the previous stadium or instar. For example,
according to Dyer’s law, when the number of the
stadium is plotted against the logarithm of some
measurement on the insect’s exoskeleton, a
straight line is obtained.

1.7.2 Simple and complex
life-cycles

In arthropods, growth and maturation from egg
1o 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 a
new cuticle and sheds the old one at intervals
throughout development, typically four or five
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times. increasing in size before the emergence of
the adull. This is often described as a situple life-
cycle with incomplete or partial metamorphosis,
known as hemimetabolous metamorphosis (Fig,
[.11). In general, the seme cells or tissues that
make larval structures go on to take the same
structures in the adults after the final moult.

Fig. 1.I1 Life-cyc.s of tae louse, Menapon gallinae,
displaying hemimeiabolous metamorphosis and
passing through three nyniphal stages prior to
emergence as a reproductive adult (modified from
Herms & James, 196100,

In other arthropods, however, particularly
some hipher insects, there has been a trend
towards increasing functional and structural
divergence in juvenile and adult stages (Fig, 1.12).
The juvenile instar, which may be referred to as a

Fig. 1.12 life-cycle of a fy (Diptera) dispaying
holamezabolous life-cyele, with the sgg giving rise to
maggot-like larva. pupa and finally reproductive adult

{from Gullan & Cranston, 1994).

larva, maggot, grub or caterptllar, has become
concerued primarily with feeding and growth and
may bear o physical resemblance to the adult. In
contrast, the adulf, or image, hus become the
specialised 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 hae-
mocael, for support and movement. ‘Fo reach the
adult form, the larva must undergo complete
metamorphosis, during which the entire body 1s
reorganised and reconstructed. The transforma-
tion between the juvenile and the adult is made
possible by the incorporation of a pupal stage,
which acts a¢ a bridge between juvenile and adult.
The juvenile feeds, moults and grows until it has
reached its final juvenile stadiurm. In many species
of fly (Chapter 4), the cuticle of the final iarval
stage contracts and tans to form a protective shell,
the pupariun. In other insects, such as the fleas
(Chapter 6), the larva may spin a protective
cocoom 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 (but not always)
immoebile. 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 hecome specialised for the breakdown
of larval structures and reconstruction of adulit
features.

When pupal development is complete, the
cocoon or puparial case contains a fully devel-
aped, pharate adult. The adult bursts out of the
cocoon using body spines and 2 projection on the
head or, in the case of the higher (cyclor-
rhaphous} flies, from the puparium using an
inflatable membranous sac oun its head, called &
ptilinom. Once free of the cocoon or puparium
the newly emerged teneral adult begins to stretch
itz still soft cuticle, prior to hardening and dar-
kening. This pattern of development is described
as a complex life-cycle with holometabolous
metamorphosis.
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1.8 THE CLASSIFICATION OF
DIVERSITY

T'o make sense of the diversity of animal species,
they are classified into biological units. These
units are usually based on similarities in mor-
phological characters, but may increasingly be
hased 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 calegories into
which organisms are classified:

Phyium
Class
Order
Family
Genus
Species

« 9 " & 8-

The species is the basic operationsl “iclogical
unit, from which all other levels of classification
ascend. A species is generally considered to be &
group of interbreeding natural populations that
arg reproductively isolated from other such
groups. Hence, even il able or induced to Inter
breed, matings between species usually result in
infertility or reduced fertility of the nybrid off-
spring. Groups of species are assembled into the
next rank of classification, the genus.

All animals and plants are named according to
a binomial system. devised by the Swedish nal-
uralist Carl Tinnaeus in the eighteenth century.
The first word of an organism’s name is the gen-
eric name and 1s identical for all members of sach
genus. L'he second word is the specific name,
unique to each species. Once the generic name has
been given in full i a text, it may be shortened to
its initial letter. Many specific names describe
sonte characteristic feature of the species, for
example the name of the isetse fly, Glossina
pallidipes, means the Glossing with pale feet.

Even within a species not all populations are
exactly the same and often there may be con-
siderable variation assoctated with geographical,
environmental, seasonal and genetic factors,
Within a  species, geographically  isolated

populations may be classified as subspecies, with
exch subspecies showing slipht morphological
differences bus still being capable of interbreeding
normally where populations overlap.

At the other end of the spectrum, the com-
plexities of anintal taxonormy have brought about
the need to introduce numerous mtermediate
ranks in the classification, such as the subgenus,
subfamily, suborder and also, for particularly
complicated groups, a range of other terms such
as specles complex, tribe and super family. There
is no fixed limit to the number of categories that
can be used. [t is important to remember, how
ever, that these groups are artificial creations of
the taxonomist who 1s attempting to give order to
the confusing diversity of arthiropod forms. There
is, therefore, no single ‘correct’ classification and,
indeed. arthropod sysiematics is often the subject
of heatad debatel

It is helpful to note that the names of super-
farmilies usually end in oidea’, families in “~idag’
and subfamilies in *~inae”.

1.9 THE ORIGINS OF ARTHROPODS

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

Scgmented bodies
Exoskeleton
Jointed lirmbs
Tagmatisation
Dorsal blood vessel
Haemocoel

Veniral nerve cord

4 & & & 2 a9

However, within the phyvium there is considerable
varigtion 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 commoen to both. Poly-
chaetes are a class of metameric annelid worns,
with a pair of paddle-like appendages on each
segment. However, there has been considerable
debate about whether the arthropods arese from
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A single commo:t ancestor (monophyletic origing
or arose from a number of more or less related
angestors (polyphyletic ongin).

The initia] 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 »elieved to be the most primitive of
all known arthropods. Once abundant in the
occans 300 million years ago, they are now
extinct. Trlobites had oval, flattencd bodies.
usually asout 3 10 cm in ength, with g thickened
dorsal cuticle and  wentral appendages. The
majority of trilobites appear to have been bottom
dwellers ard crawled over mud and sand using
their walking legs. Tt wuas proposed that, from the
primitive trilobites, one line may have led to a
subphylum known as the Mandibulata, contain-
ing the crustacecans (for exampie crabs, shrimps
and barnacles), myriapods  (millipedes  and
centipedes) and insects {for example flics, locusts
and ants). A second line may have led to 4 sub-
phylum knewn as the Chelicerats, containing an
aquatic group, the merestomes (for cxample
horseshoe crabs) and a terrestrial group, the
arachnids (for example spiders, scorpions, mites
and ticks},

Fig- 1.13 A trilobite (ventral view) {reproduced from
Fox & Fox, 1964,

However. while there was generel agrecment
‘hat the cheliccrates constitute a natural group,
as do the insects and the myriapods. the crusta-
ceans did not appear to fit easily within the
insect-myriapod assembiage. There was grow-
ing acceptance that insect—-myriapod mandibles
are structurally different to crustacean mand-
ibles and that the superficial similavities reflect
convergent ¢volution. that is these featurss
have arisen independently in each group,
rather than reflecting any close phylogenetic
ancestry.

The monophyleciic view, therefore, was lar-
2ly replaced by a polyphylectic scheme, dus
rgely to the work of Manton. This suggested
that. given the diversity of the arthroped groups,
they must have arisen as 3 number of indepen-
dent branches from the basic pelvchaete stock.
From marine peolychagte ancestors, several
groups may have invaded land independently,
piving rise to ancesiral forms from which the
myriapod-insect  assemblage arose. [udepen-
dently marine, perhaps bottom-dwelling, groups
may have given rise to the crustaceans, the frilo-
hites and chelicerates.

However, more recently the use of DINA una-
lysis and cladistic techniques have given renewed
support for a monophyletic origin of arthropods
from annelid worms. Nevertheless, there is stiil
considerable debate about the precise relation-
ships of the various arthropod groups within the
phyvium. For example, analysis of ribosomal
DNA places the Myriapoda closer 10 the Cheli-
cerata than the Insects (Hexapoda) and Crusta-
ced. In comntrast, studies of mitochondrial DNA
stpport the view, outlined above, that the Crus-
taced, Myriapoda and Insecta may be considered
together in one subphyium Mandibulata, with the
Chelicerata as a second subphylum; which is the
relationship between the various groups pre-
sented here (Fig. 1.14}

‘l.

1.10 LIVING ARTHROPOD GROUPS

Only two classes, the Avachnida and the Insecta,
contain species of major veterinary importance
(Fig. 1.15).
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Fig. 1,14 Relationships of the ma’or classes of
arthropod.

Prylum Class Oraer
Diptara [Tes)
Insocta — Phibiraptera (Fee)

Siphomapiera (fleas)
Arihropoda.
— Astigmata {miles)

Prostigmata {mites)

— Aracrmida — Acari- [:
Mesostigmata (rmites)

— Metastigmata {t'cks)

Fig. 1.IS The arihropod orders of verinary
mportance,

1.10.1 Arachnids

Members of the class Arachnida are a highly
diverse group of largely carnivorous, terrestrial,
chalicerate arthropods, They are characterised by
having the body divided iuto two parts, the
cephalothorax and the abdomen. The unseg-
mented 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 appen-
dages, which are positioned in front of the mouth

and which are used in feeding, are called cheli-
cerae. The name Cheliceruta 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.

In the class Arachnida there is only one group
of major veterinary hmportance, the sub-class
Acari (sometimes also called Acarinu}, contatning
the mites and ticks. Other major sub-classes or
orders of arachnid include the scorpions {Scor-
piones), spiders (Araneae) and pseudoscorpions
(Pseudoscorpiones) (Fig. 1.16).

Fig. 1.16 Comron orders of the class Arachnida. (a) A
spider (Xysticus cristarns), () a scorpion (Buthus
occitunusy and (o) a pseudoscorpion (Chelifer
cancroides) (reproduced from Savory, [935).

The subclass Acart s an sxfremely diverse
assembly, grouped together more from taxo-
nomic convenience than true phylogenetic
homageneity, They are the most abundant of the
arachnids; over 23000 species have been descri-
bed to date. They are vsually small, averaging
about 1 mm in length. However, some ticks may
be over 3cm in length. The cephalothorax and
abdomen are broadly fused and abdominal seg
mentation is inconspicuous or absent, so that the
body appears sack-like. The pedipalps are usually
short, sensory structures associated with the
chelicerae in a discrete structure called a gnatho-
soma. The body posterior to the gnathosoma is
known as the idiosoma. There are four basic life-
cycle stages: the epg, a sixlegped larva, eight-
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legged nymph and eight-lepged adult, However,
these may be {urther divided into pre-larva, larva,
protonymph, deutonymph, tritonympha and
adult, There may also be more than one mouit in
each of these instars. In many Acarl, pre-larval
and larval fnstars take place within the epg or
have been lost. In others, one or more of the
nwymphal instars may be omittted,

I the adult, the idicsoma is subdivided into the
region that carries the legs, the podosoma, and
the area behind the last pair of legs, the opistho-
soma. 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 trochanser, femur, genu, tibia and tarsus,

There are three main lingages of extant mites:
the Opiloacariformes, the Parasitiformes and the
Acariformes. The Opileacariformes are thought
to be the most primitive of the living mites and are
not parasitic. 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. The Parasitiformes include the ticks,
described as the Ixodida or Metastigmaty, and
the pamesid mites or Mesostigmata. The Acar-
iformes do not have visible stigmata posterior to
the coxae of the second pair of legs and the coxag
are often fused to the ventral body wall. The
Acariformes includes the mire-like-mites, the
Sarcoptiformes and Trombidiformes. often
described as the Astigmata and Prostigmata,
respectively. The terms Metastigmata, Mesos
tigmata, Astigmuata and Prostigmata relate to the
position of the respiratory openings on the body
and provide a convenient way of distinguishing
the four orders of parasitic importance. Hence,
this is the classification system that will be fol-
lowed here (Fig. 1.15}. The mites and ticks and
the veterinary problems they cause will be con-
sidered 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}

Fig. 1.17 Common orders of the class Insecta: (2} a
butterlly {Lepidoptera), (k) a heetle {Coicoptera) and
fcr a parasitic wasp (Hymenopisra) {reproduced from
Cullan & Cranston, (9941

The head carries the main sensory organs: the
single pair of anfennae, a pair of compound eyes
and, often, three simple eyes, or ocelll. The mouth
is surrounded by mouthparts composed of three
pairs of appendages: the mandibles or jaws, fol-
lowed by a pair of maxillze, then bv the labium,
These appendages are serially homologous with
the legs. However, the mouthparts of different
insects show a remarkable variety of specialisa-
tion which 1s related 1o their various diets. and
which will be considered in detail in the appro-
priate chapters of the rext.

The thorax, which forms the middle region of
the body, Is composed of three fused segments:
the prothorax, the mesothorax and the meta-
thorax. On each of these segments there 1s 4 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,
trianpgular irochanter. There then follows the
fermur, the tibia, one to five segnents of the tarsus
and, finally. the pretarsus composed of a pair of

claws. The legs of insects are generally adapted
for walking or running but, as we will see, some
are modified for specialised functions such as
jumping {fleas}y 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 proups of primitive insects have never
developed wings while others, such as the fleas
and lice, which once had wings, have now lost
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thern completely. Others, such as some of the
hippoboscids, which we will mest in Chapler 4,
have wings for only a short time as adults, after
which they are shed. The wing corsists of a net
work of sclerotised veins which enclose regions of
thin, transparent cuticle called ceils. The veins act
as a framework to brace and stabilise the wing
and may carry haemolymph and nerves. The
arrangement of the veins tends to be character-
istic of various groups of insect species and so is
important in identification and taxonomy. Wings
are a key reasor. for the success of the class,
allowing insects to migrate, locate distant food
sources, escape pradators, find mates and colonise
new nabitats, In several groups of insect, such as
grasshoppers, true bugs and Dpeetles, the fromt
wings have been modified to various degrees us
protective coverings for the hind wings and
abdomen. In the true flies (the Diptera} the hind
wings have been reduced to form a puir of club-
like halteres, which are used as stabilising organs
to assist in flight.

The abdomen is composed of 9 1o 11 segments,
although the tenth and elsventh segments are
usually small ard not externally visible and the
eleventh segruent has been jost in most advanced
groups, The genital ducts open ventrally on seg-
mment § or 9 of the abdomen and these segments
often bear external orpans that assist in repro-
duction. The gemitalia are composed of structures
which probably originated from simpie abdom-
inal 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
clongated Lo form an ovipositor.

Within the class Insecta there are generally
considered to he 29 orders, of whicl: 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 prodlems caused
by fly larvae in Choapter 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 26300 specics of
Crustacea. Almost all are aquatic and the
majority are marine. The class includes such
farniliar amimals as the crabs, lobsters, shrimps,
crayfish and woeaodlice, as well as many thousands
of tiny planktonic species that play an essential
role in marine food webs (Fig. 1.18).

Fig. 1.18 The crustacean. Corcinus mavnas (from Bell,
1853}

Their bodies are organissd into a4 head and
segtnented thorax, often combined in a cepha-
iothorax, and posterior abdomen. Anteriorly the
head bears five pairs of appendages, the first two
of which are the antennae. The third pair of
appendages is 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
nead and which may overhang the sides of the
body.

Primitively, each of the many segments of the
throrax and abdomen carries a pair of modified
appendages, Crustacean appendages are descri-
bed as biramous, since typically they are com-
posed of an inner and an outer branch, However,
the structure is very variable since the segments
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have undergone various degrees of fusion and
reduction. and the thoracic and abdominal
appendages are often modified to perform
specific specialised functions, such as swhmming,
crawling, sperm transmission or egg brooding.

The Crustacea are of little or no veferinary
importance, with the exception perhaps of cope-
pod crustaceans, known es “fish lice’. Copepod
crustaceans are specialised ectoparasites which
attach to the gill filaments or fins and feed by
piercing and sucking,

Myriapoda

The Myriapoda contains the familiar millipedes
{Diplopodal) and centipedes (Chilopoda) as well
as two groups of small, seil dwelling arthropods
the Pauropoda and the Symphyla,

The centipedes and millipedes are relatively
long, narrow-bodied and multi-legged. All have a
segmenfed head with a pair of antennae (Fig.
1.18}. The remainder of the body is composed of
many similar leg-bearing scgments. The number
of segments ard the number of legs increase at
each moult throughout lite — this is described as
anamerphic. There is no metamorphiosis {ameta-
boly}. Millipedes have two pairs of legs per seg-
ment while centipedes have one pair. Millipedes
are predominantly herbivorous or saprophagous
(feeding on decaving vegetation}. In contrast, the
centipedes are mainly nocturnal predators, feed-
ing on other arthropods or small vertebrates
which they xill using polson injected from the
modified first pair of legs, wiuch resembie pincers.

1.11 ARTHROPQOD DISTRIBUTIONS

The general distribution of animals 1s strongly
etermined by geography and climate. n
reflecting geographical divisions, the world is
often divided into six zoogeographical regions,
each repion containing its characteristic animal
and plant species {(Fig 1.19%. Each region is
usually isolated by physical boundaries such as
deseris, mountains and oceans. FEach region
contains many species of arimal and plant which
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Fig. 1.19 (1) Worid zoogeograpkic zones. (b} World
climatic biomes.

are endemie (mative to the region) or which are
indigentous (have dispersed or migrated there
naturally}, Supsrimposed on these regions, dif-
ferenices in temperature and rainfail caused by
differences in  latitude, altitude and ‘con-
tinentality’, create further divisions into climatic
biomes: tropical, sub-tropical, temperate and
polar (Fig. 1.19). The distribution of tmany species
of animal mayv be strongly limited to specific
biomes, either directly by climate or indircctly
through the effects of climate on the habitat and
resources that the animal requires.

This book focuses on the cctoparasites of
temperate habitats in the Nearctic and Palaearctic
regiors, which together form one large realm
known as the Holarctic. Nevertheless, when
dealing with arthroped pests of veterinary
importance, it is notable that they have been able
1o spread worldwide, carried with livestock and
humans. In many cases they are also largely
protected from the effects of climate by the warm
microclimate of their host’s body and the houses
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and other buildings that humans construet.
HMence the zoogeographic regions and climatic
biotmes fregently prove to be an inadequate
description of the distribution of ectoparsitic
arthiropods and, where appropriate, ectoparasites
of varicus regions of the temperate southern
hemisphere will also be discussed.
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