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* Presented at the 2nd International Conference on Wildlife Disease, University of Sussex, England,

July 18-22, 1971.

HOST AND TICK RELATIONSHIPS: A REVIEW*

DON. R. ARTHUR, Tick Research Unit, Rhodes University, Grahamstown, South Africa

Abstract: Our knowledge, at all levels of information, on the relationships of ticks
with wild fauna is sparse. There is a need for greater understanding of these facets
if we are to understand the transmission of disease to wild vertebrates. The following
levels of information required are outlined: (a) the behaviour of the ticks on the host
before feeding, (b) the feeding process, (c) the host reaction at the level of tissue
response, (d) parasite induced resistance mechanisms of the host to repeated tick
infestation, (e) the temporal occurrence of ticks, (f) the regulating factors controlling
tick populations, (g) the population dynamics of the host and (h) the susceptibility
of hosts to trans-species transmitted pathogens.

INTRODUCTION

The range of interactions between ticks
and their hosts is varied and the activities
of these arthropods during the process of
obtaining their meal may subject the host
to minimal inconvenience, acute irritation,
or cause it to suffer severely from blood
loss or from the effects of toxins intro-
duced during feeding. Superimposed on
one or more of these interactions is the
possible transmission during feeding of a
wide range of disease agents, many of
which probably remain to be categorized.
In attempting to assess the complex phe-
nomenon of tick - host - disease relation-
ships, information at a number of different

levels is required.

BEHAVIOUR OF TICKS BEFORE FEEDING

Having obtained access to the hosts the
initial behaviour of adult ticks is deter-
mined by the completion, or otherwise,

of spermatogenesis in the preceding nym-
phal stages. In Ixodes ticks, for example,
the formation of the spermatozoa is evi-
dent before the engorged nymph drops
off. Consequently fertilization of the

female by the male can be effected with-
out delay, either on or off the host, and
does not necessarily involve feeding by
the male. In nymphs of Amnblyomnmna,

Rhipicephalus, Haemnaphysabis and Den-

mnacemitor, destined to become males,
spermatogenesis proceeds only as far as

the formation of primary spermatocytes.
Here the completion of spermatogenesis
is dependent on the males acquiring a
blood meal. In some tick species the
males are known to seek the attached

females but in others, such as the bont
tick (A mu blyomnmna bzebraeum), the females
are attracted to the males. The nature of
the attractant has not been satisfactorily
determined. Berger et ab’ have indicated
that the chemical properties of the active
substance is a weak acid, possibly a phe-

nol. Moreover, they report that the
pheromone is contained in the female and
that the male of Amnblyommzmna macubatum

is attracted to the female. In the same
tick species Gladney1#{176}noted that the fe-
males are attracted to the males. Under
these circumstances the females do not
usually start to feed until fertilization
has been effected, although they may
probe and remain temporarily attached
for up to 24 hours (unpublished data. -

A. Norval). Complete engorgement is
never achieved under these circumstances.
Observations by Whitnall et al.� also
demonstrate that over periods of up to 6
months the male bont ticks increase their
numbers cumulatively on the host and
may, at any one time, be 4 to S times as

numerous as females. The individual male
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bont tick is capable of inseminating a
large number of females, and after each
mating the female is capable of feeding
and producing viable offspring. Whilst
the bont tick is recognized as a serious
problem on cattle in the south-eastern
Cape region of South Africa it is also
known to occur on such wild antelopes
as the kudu. There is no reason to believe
that this behavioural pattern differs on
wild hosts. Much remains to be explored
on the pre-feeding behaviour of all stages
of the tick when they have obtained
access to the host. Thus, immature stages

may colonize one part of the body and
adults another, in particular the “choice”
of the ears of hares and rabbits by the

larvae and nymphs of the red-legged tick
Rhipicephalus eventsi and of the perianal

regions by its adults is a case in point.

In the Karoo paralysis ticks, ixodes

rubicundus, the immature stages are rarely
found parasitizing domestic stock, al-
though adults do. The larvae and nymphs
are most abundant on the elephant shrew
(Elepliantulus capensis karroensis), and
the Cape hare Pronolagus rupestnis saumz-

dersiae. Exceptionally are females found
on other wild fauna. The reasons for ticks
having sites of predilection, either on the

same or different hosts, as well as differ-
ent hosts for different tick stages remain
to be solved.

THE FEEDING PROCESS

Having acquired a site for feeding, the
next level of information relates to the
activitiesof ticks in attaching themselves
to hosts, together with the method of
obtaining nutriment from their tissues
and the method of detachment at the
appropriate time after feeding. This in-
volves overcoming the non-specific de-
fences of the skin and, provided the other
tissues are not completely intractable,
feeding can commence.

Ticks fall into two morphological
groups, the argasid, or soft ticks, and the
ixodid, or hard ticks, the former being
characterized by feeding for short times
and the latter feeding and remaining at-
tached to the hosts for several days to
complete engorgement. In both groups
the initial process of overcoming the

non-specific skin barrier is by the sweep-
ing and cutting motions of the cheliceral
digits. This is accompanied by alternative
thrusting movements of the chelicerae
effecting penetration through the stratum
corneum. Inoculation of salivary secre-
tions into the lesion follows, but the
question of their activity and function in
host-parasite-disease relationships is not

entirely clear in ticks nor in some other
arthropods. Thus, anticoagulins, which
were thought to be essential for mosquito
feeding, are absent in as many species as
those which possess them,’ whilst Lester
and Lloyd” showed that, though there is
an anticoagulin present in tsetse fly saliva,
feeding can be successfully carried out
after cutting the salivary duct, without
causing any host allergic responses. In
the rapidly feeding argasid ticks, there is
evidence that the salivary secretion con-
tains a potent anticoagulin and a proteo-
lytic enzyme. In such species as Ormiitho-

dorus sas’ignyi there is also a toxin of
some potency, all of which suggests a
destructive action on host tissues. Ixodid
ticks, on the other hand, show some vari-
ation in the composition of their salivary
secretions. Some, for example Hyabomnma

asiaticum?i, and Ixodes nicinus, have saliv-
ary components which prevent blood
clotting, others, e.g. Dermnacemztor ander-

soni and Boophilus mnicroplus, lack dis-
cernible anticoagulins. The secretion of a
‘cement’ from the salivary glands of all
genera of hard ticks, with the possible
exception of some species of Ixodes,

appears to be a major function of the
salivary glands. This is released as a
latex-like secretion which, on hardening,
anchors the penetrant mouth parts. In
tick genera (e.g., Amnbbyomnmna, Hyabomn-

�na and Aponomnma) which insert their
long mouth parts completely into the
dermal tissues, the mouth parts are
enveloped by cement, with little or no
superficial deposition on the skin surface.
In Dermnacemztor, Boophilus and Rhipi-

cephalus, the cement is largely superficial
and the mouth parts do not penetrate
the dermis. In the genus Haemaphysalis

the inserted mouth parts come to lie just
beyond the epidermis and the cement is
predominantly on the surface. No cement
is produced by the glands of such species
as 1. ricinus, and the mouth parts are
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inserted deeply into the skin tissues,
where they are probably held in situ by
transformed host tissues, in much the
same way as fine reticulin fibrils succeed
tissue damage inflicted by parasitic flat-
worms. Around the mouth parts of this
species in the dermis there is an abun-
dance of collagen, suggesting that secure
attachment is not due solely to aggrega-
tion of fibres, but that there may be
active synthesis of collagen. Fibroblasts
are generally believed to be responsible
for secreting collagen but these are
noticeably absent from around the mouth
parts. Collagen is, however, a highly
polymerized and relatively insoluble sub-
stance and, enzymes in the salivary secre-
tion of 1. ricinus may polymerize the
collagen precursors in the skin.

It seems reasonable to postulate in
ixodid genera, with deeply inserted
mouthparts and supported by cement,
that circumferential attachment is secure
and that any rigorous host tissue destruc-
tion by salivary enzymes will take place
at the tip of the hypostome. On the other

hand, superficially attaching species are
unlikely to have powerful digestive en-
zymes, for this would imperil their attach-
ment. Accordingly such species must
inflict tissue damage by more subtle
specific means. The progressively more
superficial insertion of the mouth parts
diminishes the tissue irritation and places
the more highly vascularized outer layers
of the dermis beneath the mouth parts. In
Dermnacentor andersoni the initial feeding
of blood appears to take place after a
short period of attachment and is prob-
ably due to mechanical injury to the
capillaries in the path of the chelicerae

producing a blood pool.’ Suffusion of red

and white cells, due to diapedesis as a
result of irritants in the tick saliva may
supplement this. The flow of blood occurs
only after extensive damage to the tissue,
which Gregson thinks is likely to be due
to proteolytic and diabrotic tick secre-
tions rupturing capillary walls. This view
does not appear to be consistent with the
remarks of Tatchell� who states that the
saliva of this species “has no anticoagulin
or indeed any discernible active constitu-
ents although it does have antigenic
properties”. During the first hours of
attachment normal blood forms the major

part of the blood meal of D. andersoni,’

although there appears to be a need for a
subtle mixture of blood and salivary fluid
together, perhaps with tissue fluid, for
the initiation of feeding. On the basis of
spectrophotometric analysis of gut con-
tents at varying intervals of tick feeding,
Sutton and Arthur’2 have demonstrated
that females of 1. ricinus ingest nutrients
other than blood at early periods of feed-
ing, and there may be ingestion of signifi-

cant amounts of other tissue fluids during
engorgement.

In Boophilus mnicropbus, specific vascular
damage results from the saliva of the
tick, whereas tissue damage is caused by
the host response - an hypothesis based
on the finding that collagen destruction

beneath the mouth parts was preceded by
an intense infiltration of neutrophils.

Induction of a leukopenia by administra-

tion of nitrogen mustard to dogs, para-
sitized by Rhipicephalus sanguimieus, sub-

stantiates this concept, for in the skin of
such animals, polymorphonuclear leuco-
cytes were rare but heavy infiltrations
around the trophi characterized untreated
tick-infested hosts. The latter, too, to-
wards the time of full engorgement, had
well established cavities beneath the
mouth parts due to destruction of the
collagen. Whereas in treated dogs, cavities
were either absent or insignificant and
dermal collagen appeared to be unaffected.

HOST REACTION

The third level of information required
relates to the host reaction both at the
level of tissue response and, after primary
exposure, to the parasite-acquired resis-
tance mechanisms of the host. In most
cases, acquired resistance is immunologi-
cal, at least in part. The successful host-
parasite relationship is therefore one

where the innate resistance and the
immune responses of the hosts interact to
control, but not to overcome, the chal-
lenge of the parasite.

Some ticks such as Ixodes ricimius can
parasitize lizards as well as a very wide
range of mammals and birds; others are
very much more restricted in their choice
of hosts. These limitations of host selec-
tion may in part be determined by ecolo-
gical associations or by a more real,

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 23 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Journal of Wildlife Diseases Vol. 9, January, 1973 77

restrictive host specificity.I. iniangubiceps,

a parasite of small British rodents, is
indicative of this situation but the exact
causes of host restriction here have been
inadequately investigated, as is true for
other host-specific British ixodid ticks. In
some ticks there may be stadial changes
in specificity,whereby larvae or nymphs
may be limited to one group of animals
and the adults to another. Those ticks

demonstrating greater host - specificity
show a more stable equilibrium between
host and ectoparasite, whereas in non-
specific relationships mutual adaptation
has less opportunity to evolve. In the
latter situation, the tick faces a broader
spectrum of host tissues and responses
and the problems inherent in host specifi-
city would not restrict feeding. Moreover,
the adaptations necessary for host specific
ticks diminishes, and the possibilities of
disease transmission to casual or ab-
normal hosts increases. Nevertheless, it
must be appreciated that even a host
specific to a single tick species presents it
with a formidable range of tissues to
penetrate, ranging from the crossing der-
mal fibres on the back and flanks to the
cartilage of the pinna of the ear.

Arthur and Snow’ demonstrated that
the imbibition of a critical weight of host
fluids is necessary for female ticks to lay
eggs, and that the relationship between
the weights of engorged females and the
number of eggs deposited is a linear one.
In other words, with increased intake of
blood there is a corresponding increase
in the number of eggs deposited. This is
true only for hosts which do not show
resistance and have no previous history
of tick infestation. ‘Immunity’ of the host
to tick feeding has already been claimed
for a number of genera. Trager’4 has
shown that one infestation of guinea pigs
or rabbits with larvae of Denmnacentor

andersomzi, induces an acquired immunity
which prevents subsequent batches of
larvae from engorging, and repeated in-
festation with nymphs and adults results
in a marked reduction in the amounts of
blood taken by ticks of the later batches.

Arthur and Snow’ obtained similar
results by infesting guinea pigs with
Hyabomnmna amzatolicumn amzatolicum. The
egg yields from females in which the

blood intake is reduced as a result of
repetitive feeding, are considerably lower
(c.40 - 54%) when compared with egg
productivity from females feeding on
non-resistant hosts. This type of resis-
tance then regulates the reproductive
potential of the tick and operates as a
negative feed back mechanism. Under
field conditions females of ixodes rubi-

cumzdus can stimulate a resistance response
in sheep, whereby ticks which attach are
subsequently prevented either from com-
pleting engorgement or the rate of feed-
ing is slowed down.-” To what extent this
operates in regulating tick populations on
wild fauna under natural conditions has
not been adequately monitored.

The host response as a regulator of tick
populations may operate in other ways.
For example, the infestations of the ears

of both wild and domestic animals by the
immature stages of the two-host tick
Rhipicephalus evertsi results in the secre-
tion of wax by the hosts. The initial infes-
tation by the larvae occurs in the folds of
the inner parts of the pinna and in the
external auditory meatus, where the
larvae attach and feed. As a foreign body
reaction the host produces wax from the
wax - secreting cells. On completion of
feeding the larvae moult in situ and the
emerging nymphs either reattach on the
same site or at some distance outwards to
feed again. Frequently, the amount of
secreted wax is sufficiently great to form
a barrier between the nymphal mouth
parts and the skin surface so as to prevent
complete feeding in a proportion of the
nymphal population. And, since a thres-
hold value of blood is necessary for
metamorphosis to proceed, any ticks fail-
ing to attain this fail to develop further.’
The very considerable aggregations of
wax in the ears of wild Cape hares, for
example, contain not only the cast skins
of larvae but also the bodies of nymphs
which have failed to attach and feed.

In these ways, and probably by more
subtle means, the host species is protect-
ed from overwhelming parasitic challenges
and the parasite is yet able to overcome
setbacks because of its high rate of egg
production.
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TEMPORAL AND NUMERICAL OCCURRENCE

OF TICKS

The fourth level of information requir-
ed is the temporal and numerical occur-
rence of ticks on their hosts in relation to
disease transmission. Most of the infor-
mation on this aspect of the subject refers
to infestation of domestic stock. One of
the most carefully studied ticks in terms
of distribution and detailed ecology is the
three-host species, ixodes nicimius L. In
Great Britain its host relationships on
domestic stock has been examined by
MacLeod,”” Milne,”” Edwards and
Arthur” and Evans.7 The results indicate
that these ticks generally have bimodal
peaks of activity in the spring and in the
autumn, or in some districts a single
summer peak. Ixodes nicimius is catholic in
its choice of hosts” but details of its
ecology in relation to wildlife remain
largely unexplored. So that its role as a
vector of wild life diseases is unknown.
Of British ticks habitually associated with
wild animals, the biology of 1. hexagonus

Leach, the hedgehog tick, has been inves-
tigated under laboratory conditions by
Arthur,’ as also has its life history based
on the seasonal incidence of ticks on
hedgehogs. Here, too, there is evidence
for bimodal seasonal activity.

Cotton and Watts” and Young’7 have
made contributions to our knowledge of
1. triamigubiceps Birula. Their observations,
as well as our own at the King’s College
Rogate Field Station, are not dissimilar
to those of Vysotskaya” in Russia and
Lachmajer” in Poland. For a number of
reasons Ixodes tnianguliceps is a useful
model for monitoring tick load and sea-
sonal activity on wild fauna. It has a
restricted host range, being found in
Britain on the voles Microtus agrestis,

Clethnionomnys glareobus, the shrews Sorex

mnimiutus and S. aramieus and the rodents
A podemnus sylvaticus and Micromnys

mnimiutus. The larvae, nymphs and females
of this tick occur on all these hosts. All
hosts are reported to be infected with
piroplasms. All these hosts can be cap-
tured alive, examined for ticks, released
and recaptured. It is also a potentially
interesting species for analyzing and in-
terpreting the role of ticks in the trans-
mission of babesias, and might even give

an insight into the transmission of arbo-
viruses.

Fully engorged females of 1. Inianguli-

ceps lay over 1000 eggs each, and the
minimum quantity of blood required be-
fore any egg laying proceeds is 25-30
mg.’ The fully engorged female thus has
an egg laying potential not unlike that of
I. ricimius. But the number of larvae and
succeeding instars found on the hosts
cannot be correlated with this high egg
yield (Table 1). These data are open to
criticism on the grounds that sample
sizes were inadequate, and that capture-
recapture methods of marked individuals
were not used. These refinements have
been introduced into work in progress at
the King’s College Rogate Field Station.
As an indication of these results we found
that - in preliminary work by Sarah
Randolph - of 108 A. sylvaticus exam-
ined 50 per cent have been infested at
one time or another. The measure of
infestation is still relatively low (Table 2)
but is significantly higher than indicated
by the average infestation loads cited in
Table 1. The period covered in Ran-
dolph’s survey does in some measure
overlap with the peak periods quoted by
the other workers but it is obviously
necessary to continue these investigations
over a much longer period of time before
reaching any positive conclusions.

In terms of larval populations, the
results presented in Table I compare with
an average of four I. ricinus larvae on
shrews, voles and mice on pastures in-
fested with this species in the North of
England.” However, 1. nicinus is a species
living in open pastures whereas 1. tniamigu-

biceps is presumed to be a nest-inhabiting
species. The likelihood would thus be
that hosts would pick up 1. tniamigubiceps

ticks on each occasion when they returned
along well established runs to their nests.

The discrepancy between the potential
yields of larvae from the large egg masses
laid by each female, and the actual num-
bers of larvae affixing to hosts might be
due to (i) a high mortality of larvae
within or during emergence from the egg
mass, (ii) that successful hatching is
followed by a failure of larvae to find
hosts, (iii) that having attached on cer-
tain areas of the body they are removed
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TABLE 2. Ixodes trianguliceps populations on Apodemus sylvaticus at King’s College Rogate

L = larva; N = nymph; 9 = female;

Host no. 27-29.7.71 10-12.8.71 24-26.8.71 7-9.9.71 22-24.9.71 5-7.10.71 19-21.10.71

30 1N o - - - - 1L
33 lL 6L+lN 6L 3L 3L+29 9L+19 l2L,1N

19 +1,�
34 2N - 1OL 1L
36 o 2L 2L 3L 2L+19 l2L+19

37 1L o o 3L 5L+19
40 6L 1L+ iN 3L, IN, 19 2L SL, 19,1 � 5L
41 o o o
42 iN 2L
43 0 0

44 0 - - 0

45 o 1L 4L+19 o
46 lN o 1L 2L
47 19 1L,1�,29
51 SL 4L+1L

53 1L 2L
54 o 5L
56 o o

57 IL 6L
58 4L 2L+lL
61 3L
62 2L+1L
63 lL+1L
64 2L
67 IL
69 4L
72 6L
73
74
75
76
77
78
79
81
83
84
87
88
87
89

107
108

90
91
93
94
95
85

100
97
98
99

101
106

eData collected by Sarah Randolph
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Field Station.*

= male; L = dead larva; o = no ticks; - = host not recaptured

1-lost no. 2-4.11.71 17-19.11.71 30.11-2.12.71 14-16.12.71 29-31.12.71 11-13.1.72 25-27.1.72

30 - - - 4L

33

34
36
37
40
41
42
43
44 6L
45 - 1L - i2L lL
46 lL l4L 2L+lL 3L+1L 5L 2L 2L
47
51
53
54

56 - 1L 1L - 1L o o
57 lSL+19 12L
58 2L
61 4L
62 3L 1L+1L 8L 8L SL o o
63 - 2L - iL o o o
64 - 9L
67 - 3L
69 7L ISL 5L 8L 4L + lL o
72 o 2L
73 lL 3L 3L 1L+1L - 1L o
74 2L - - 9L o 1L o
75 SL - 2L - IL o
76 5L - 6L 2L 1L 1L + 19
77 o - 1L - 1L o
78 I5L, iN, 1 9 6L 3L 2L 2L IL
79 IL - - o o o
81 5L - 1L o IL o
83 3L+1L - 2L 1L o o
84 8L 6L 9L - o 3L
87 o - o 2L o
88 2L o 4L+lL o 1L
87 5L 1L o o o
89 IL lL - 3L lL
90 3L 4L o 1L
91 9L+IL o o o
93 4L o
94 o o IL o o
95 o 2L 2L
85 9L - - - o

100 o IL o
97 2L - 1L IL
98 2L 1L 2L
99 1L o o

101 o o iL
106 IL o
107 o o
108 o o
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by the host, (iv) that gorged stages drop
off and are rapidly consumed by their
hosts, and (v) that there is a resistance
response by the host which militates
against either full engorgement or suc-
cessful feeding. Considering each of these
possibilities in turn, there is no evidence,
on the basis of laboratory investigations,
that there is a high mortality of larvae
on hatching. A 100% RH. within the
temperature range of 10-26#{176}C they sur-
vive for 36-89 days, whilst nymphs sur-
vived even longer at lower humidities.
The animals normally acting as hosts for
1. triamiguliceps all use extensive burrow
and runway systems, even though in such
animals as M. agnestis the nests may be
above ground. Most of the ticks thus far
detected have been found in the nests and
these have been, usually, unfed stages.
Fully fed engorged females have been re-
corded most often in the burrow systems
and, in the absence of egg clumps in the
nest, it seems probably that this is the
location for oviposition. Under these
conditions, the emerging larvae may be-
come widely dispersed along the burrow
system and the smaller the host body, the
less will be the front available for attach-
ment, by any stage of the parasite.

It has been established by Milne1’ that
gorged 1. nicinus are eaten by voles, by
Arthur’ that fed 1. biexagomius are eaten
by hedgehogs, and Young’7 has shown
the same to be true in wild and labora-
tory animals. It is also clear that sites of
predilection for feeding by ticks on small
mammals are the ears (90-95%), the
head (3-7%) and, much more rarely, on
the bare parts of the scrotum. Here there
would seem to be an active deticking
process, whereby excrescences caused by

the bodies of ticks are removed and
possibly consumed.

It has often been observed that stages
of 1. tniangubiceps failed to feed to reple-
tion, but remained attached to their
natural hosts and died in situ. This may
be symptomatic of an acquired resistance
by the host, but until our work has pro-
ceeded further it is not possible to make
a valid judgment. What is clear, however,
is that there are factors regulating the
reproductive potential of ticks, but with-
out minimizing their parasitic challenge,

and this in turn will maintain arthropod
borne pathogenic infections in a state of
stable equilibrium.

TRANSFER OF TICKS AND PATHOGENS

BETWEEN HOSTS

The transfer of ectoparasites between
different host species has an important
bearing on the epidemiology of vector
transmitted diseases and in three-host
ticks, such as 1. tnianguliceps, pathogen
transfer must be either trans-stadial or
trans-ovarial. On the evidence available,
the transfer of piroplasms by this species
is trans-stadial, although the eating of
fully fed ticks from an infected host by
an uninfected host can also result in
infection, as shown by Young.’7

Pathogen dissemination by ticks be-
tween different host species naturally
requires that the hosts overlap in their
distribution, or that they use common
facilities, such as burrows. This may be
due to seasonal changes influencing the
choice of the animals’ habits. Or it may
be to the overlapping of biotopes on the
borders of woodland, scrub and hedge-
row. Trapping in an experimental area
showed that in the autumn C. glareolus

and A. syls’aticus used runways in the
same area and sometimes the same
burrows. M. agrestis was dominant in
grassland, although overlapping with C.

glareolus and A. sybvaticus, where scrub
impinged on it. S. araneus overlapped
with all three. In the winter the specificity
of biotopes was no longer apparent.
Apodemnus sylvaticus had moved into the
grassland and was using the burrows of
Microtus, which had disappeared. Sorex

had disappeared from the area, too, whilst
C. gbareolus was restricted to the scrub-
land. By the following May all these
animals had returned to their pre-winter
biotopes. Southern” has shown that these
migrations by small mammals are normal,
so that within any one natural habitat
there is a turn-over of different host
species, according to the season. By these
means different groups of mammals can
pick up infected ticks, particularly if the
latter are active throughout the year, as
appears to be so in 1. trianguliceps.
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Hitherto adequate attention has not need to ascertain the nature of the resis-
been given to the incidence of ticks on tance response of the host to tick attack,
wild hosts, to the population dynamics of and to determine the level at which it
the hosts in relation to their ectoparasitic occurs. It is also important to know
infestations nor to the frequency of piro- whether all the small mammals, from
plasms in natural populations. We know which ticks have been recorded, are true
little on the continuous abiotic parameters maintenance species of piroplasms, spe-
in nests, burrows and runways of known cific viruses and rickettsiae. For it seems
tick infested animals, for these will deter- reasonable to consider that the only true
mine the survival and activity of the maintenance hosts for these pathogens
unfed ticks and of their contained patho- are those in which pathogens can
gens. Of equal importance from the point circulate adequately in concentration and
of view of disease transmission is the duration to infect ticks.
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