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Problems Pertaining to Culture Procedures
for Some Ixodid Ticks

J. D. GREGSON 1

The importance of healthy and standardized
strains of medically important arthropods for study
purposes has been emphasized by Knipling (1958).
Ticks, which rank high in this group, often fall short
of these requirements. While, by the longevity of
their free-living stages, they possess great advantages
for storage over other blood-sucking arthropods,
this very characteristic permits a great variation in
the ages of wild-caught individuals. Furthermore,
the seasonal habits of certain species precludes year-
round collecting. The establishment of a laboratory
culture appears to offer the only possibility of
ensuring availability and uniformity. This, for at
least Dermacentor andersoni Stiles, still presents a
problem.

D. andersoni is the most important tick in Canada,
where it is noted particularly for the production of
tick paralysis in livestock and humans (Gregson,
1962a). Studies on its control, as well as experiments
on the nature of tick paralysis, call for a large
number of healthy adults over as long a period as
possible. Thwarting this need is the fact that " wild "
adult ticks appear to be conditioned into activity
and subsequent diapause, so that they are available
for collecting during only a few weeks each spring
(Gregson, 1951). This same conditioning appears
to be necessary during colonization, and attempts
to apply artificial substitutes have so far been
unsuccessful. It is obvious that to be able to colonize
any organism successfully, it is necessary to under-
stand the relevant causes and effects in nature and to
apply the necessary procedures in the laboratory.

Collection, storage and maintenance
In Canada, D. andersoni is found in the southern

dry grasslands of British Columbia, Alberta and
Saskatchewan. Although preferring a sunny expo-
sure which, in talus slopes, may reach high tempera-
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tures in summer, this species appears to be dependent
on a fair amount of humidity and is usually asso-
ciated with early spring green grass, either for the
maintenance of its hosts or for itself. Much of its
questing period is spent motionless, a foot or two
off the ground; the remainder of the year it rests
in loose rock and soil, about 10% of the population
questing again in the following spring (Gregson,
1951). Because the tick thus appears to conserve
its energy, excess activity is a factor to be avoided if
examples are to be kept in the best of condition, and
from the time they are collected on flannelette
" drags " in the field until their subsequent storage
at the laboratory they are kept in vials on ice.

Laboratory storage is at about 4°C, 95% relative
humidity. Under these conditions most will remain
viable for about six months, a few for one year.
Specimens collected and maintained under conditions
of extreme humidity and under fluctuating tempera-
ture become comatose, from which state they may
recover if dried. Ovipositing females, eggs and
immature stages are kept at 250C, 95% relative
humidity. Newly-emerged larvae and nymphs will
not feed until they have been kept for a week or
more and voided their wastes. Under these condi-
tions the life-cycle from adult to adult may be com-
pleted in about five months. Reared adults present
the main difficulty, and fasting D. andersoni which
appear normal in their attachment when placed in
capsules on sheep usually fail to engorge in the
natural fashion. It here becomes necessary to
re-examine the pre-feeding habits of the tick in
nature.

Time and temperature effects
In British Colombia adult D. andersoni activity

commences in early February, reacuhes a peak in
mid-April, and virtually ends in late May. Although
nymphs feed and moult to adults during the summer,
the latter do not normally quest until at least the
following spring. It is not known what factors
condition the ticks into questing and feeding, or
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cause their subsequent decline in activity. Pre-
liminary unpublished studies at the Kamloops
laboratory, wherein reared adults were subjected to
conditions of fluctuating and constant temperatures
and varying humidities and photoperiods, have
suggested that temperature plays a more important
part than humidity or light in conditioning the
females for feeding. However, the frequent presence
of warm autumn days or of cool weather during the
wane of spring tick activity suggests that other
factors may also play a part in determining the
tick's questing behaviour, and perhaps its feeding,
although these two actions may not be related.

Artificial feeding
When a parasite feeds on a host there is frequently

such an intimate relationship between the two that
studies on either one are hindered by the effect of the
other. This becomes particularly apparent during
studies on the nutrition and the disease-producing
capacities of the parasite, for here the host's blood
is a common factor between host and parasite that
is usually more controlled by the host than the
experimenter. A satisfactory method for the artifi-
cial feeding of ixodid ticks would greatly aid such
work, permitting a standardization of media,
uninfluenced by host reactions and variations, to say
nothing of the mechanical advantages for observa-
tion and protection of the parasites. Desirable as it
is, the artificial feeding of slow-feeding ixodid ticks
has met with little success, and much still remains to
be explained regarding their requirements during
engorgement on even a normal host. Much of the
data applicable to rapid-feeding, blood-sucking
arthropods cannot be applied because, being slow-
feeders, the ixodid ticks appear to be more discrimi-
nating in their attachment and food. Indeed, this
very fact should make studies of this group all the
more valuable since the extended time for inadequa-
cies in nutrition to become apparent should permit a
clearer picture of the normal food requirements.
That these may vary during the engorging period of
the individual tick is suggested by the different phases
of the engorging periods of the female. Lees (1952)
divides the period of engorgement into two phases:
one during which the cuticle grows in thickness, the
other when it enlarges by distension. Balasov
(1958) divides the blood-sucking periods in the
Ixodidae into a preliminary subperiod, a subperiod
of growth, and a subperiod of extension. Both
authors comment on the large and rapid intake of
blood during the final phase.

Sutton & Arthur (1962) review the literature,
speculating on tick nutrition and, together with
their own observations, conclude that " non-blood "
forms an important part of the diet during the inter-
mediate slow-engorging period. Blood, they state,
is predominantly ingested presumably because it is a
more available source of food. In D. andersoni a
great portion of this blood is partly digested and
constantly excreted during the intermediate feeding
period, but is retained during the final period of
rapid growth. Accordingly, this last period of rapid
growth may be described as being fast-engorging,
in distinction to the preceding slow-engorging period
of perhaps equally fast-feeding.

Sutton & Arthur's views have considerable support
in that saliva has been shown to be regularly injected
into the host tissue during the feeding of D. andersoni
(Gregson, 1962b). This secretion may thus serve to
release non-blood materials by proteolytic or other
means. Moreover, while mated rapid-engorging
D. andersoni females in their last stages of feeding
will ingest whole blood readily, attempts to feed the
earlier unmated slow-engorging, and possibly more
discriminating, females in this manner have been less
successful. When offered whole blood, either by
capillary tube or under-membranes to which they
have previously attached, they fail to imbibe and
excrete with the regularity displayed when previously
on a host, and it appears as if some constituent of
tissue, either nutritional or physical, may be neces-
sary for normal feeding. The most promising
approach towards an understanding of their pre-
ferences has been to offer them an adjustable fine
flow of media in a manner such that their sucking
movements and cheliceral responses can be observed
during its presentation. Studies in this aspect are
continuing. Best results have followed the use of
blood cannulated directly from a living animal.

Living animals as food sources

This is a controversial matter. Superficially, it can
be argued that the best food on which to rear a
parasite is the normal host to which it has adapted
itself during its evolution. However, one must not
ignore the varying protective measures of the host
that counter parasitism. These may take the form
of complex allergies induced by the parasite, or may
exist as simple scratching reflexes to a moving object.
Resistance to repeated infestations of ticks and the
grooming habits of hosts are practical examples of
the difficulties encountered during laboratory rear-
ings. Self-grooming is undoubtedly closely linked
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with host-parasite records. For example, adults of
D. andersoni, normally parasites of large animals,
will feed readily on white mice if protected. The
health of the host also enters into the picture and, as
in lousiness, it is frequently the animal in poor
condition that becomes more readily infested. The
converse of this has been experienced during studies
of D. albipictus (Packard) larvae when it has been
difficult to get them to attach to well-fed horses.
We have seen that host behaviour may play a part

in determining the specificity of ticks to hosts.
However, it is apparent that there are other impor-
tant factors, including selection of the favoured
host by the tick through its chemosensory organs,
availability of animals at the questing sites of the
tick, and the varying degrees of nourishment
available to the tick on different host species. To
cite D. andersoni again, it appears from preliminary
experiments that nymphs of this species reach reple-
tion more rapidly on rabbits, pack-rats and ground-
squirrels than on marmots, and that those on pack-
rats and chipmunks feed more fully, by weight, than
those on rabbits and ground-squirrels. Field-
collected material is in agreement with these observa-
tions since adults collected from areas frequented by
pack-rats and chipmunks have been found to be
conspicuously larger than those collected in a field
inhabited mainly by ground-squirrels. The choice
of hosts for the rearing of ticks is thus of importance.
The disadvantages of using living animals as

sources of food are noteworthy when disease agents
are considered. If wild hosts are used, as may be
necessary for certain host-specific ticks, then what
may be the effect on the tick, or the hazards to the
operator, if organisms avirulent to the host are
lurking in its blood? Conjectures on this point
have been stimulated by studies in which it has been
shown that the virulence of certain organisms may
be greatly increased when they are inoculated into
splenectomized animals (Shortt, 1962). Alternatively
the tick may impair the host to the extent where
further feeding is not practical. This frequently
occurs when adult D. andersoni are fed and the host
becomes paralysed. Artificial feeding would circum-
vent this situation, and aid in the isolation of the
toxin causing paralysis.

Genetic variability and resistance
The need for exacting ecological and taxonomic

studies, such as those conducted by Walton (1962)
on closely related species of Ornithodoros, is all too
apparent to the student of acarology. They could be

applied to good advantage to Ixodes kingi Bishopp
and a morphologically similar, but smaller, counter-
part at present being studied by the author. They
could also, by perhaps showing genetic variability,
explain the variation of D. andersoni and D. variabilis
Say from different geographical regions in causing
paralysis (Gregson, 1962a).

Genetic variability in ticks has been noted when
strains have shown a resistance to insecticide (Stone
& Webber, 1960; Barnett, 1961). More recent work
has shown dieldrin-resistance to be due to a single
dominant autosomal gene and DDT-resistance to a
single incompletely recessive autosomal gene (Stone,
1962). This appears to have occurred mainly
through the action of acaricidal treatment on host-
specific ticks, particularly when all parasitic stages
of the tick are spent on the one animal, as in the
case of Boophilus species. No resistance to HCH
(BHC) has been observed in D. andersoni during its
past 17 years of use in British Columbia. Probably
the dilution of tick populations exposed to the
acaricide by unexposed ticks will be sufficient to
maintain this state. This dilution is ensured by
populations constantly maintained by a great variety
of rodent and larger feral hosts.

Mating in relation to feeding
Mating procedures in ticks are little understood.

In D. andersoni mating usually occurs during feeding
and causes a marked acceleration in the engorging
rate of the female as she nears repletion. Otherwise
she engorges slowly and remains attached to her
host for a week or more waiting for a male. This
phenomenon, which may be due to a hormone
release, should be considered during artificial
feeding studies.

Control possibilities
Tick control by parasites has been attempted on

several occasions but without any marked degree of
success (Smith & Cole, 1943). It might still be
applicable in unparasitized populations under favour-
able climatic conditions, and should be kept in
mind for species such as Ixodes pacificus Cooley and
Kohls (Gregson, 1942). If liberations of a parasite
were to be attempted, in this instance it might well
be desirable to rear it in a hardier tick than L paci-
ficus. Ixodes texanus Banks, which has a longevity
of more than seven years (Gregson, 1949), has
already been shown at the Kamloops laboratory to
be adaptable for the parasite Hunterellus hookeri
How.

593



594 J. D. GREGSON

Ticks are noted for the diversity of their micro-
organisms, many of which are believed to be non-
pathogenic to vertebrates and which are possibly of
symbiotic significance to the tick. Bertram (1962) has
stressed the need to consider more closely the
relationships of these to the tissues of the ticks
themselves. Until more is known it is impossible to
speculate whether tick control might be effected by
their manipulation. They should certainly be taken
into account during standardization of tick cultures.

It is noteworthy that many of the southern tick-
borne diseases are avirulent or absent in populations
of ticks in Canada. This availability of seemingly
non-infected wild materials has permitted an unusual
freedom from infections to both operator and host
during the casual handling of ticks at the Kamloops
laboratory. However, as mentioned, collections in
nature are unsatisfactory for several reasons, and the
establishment of a self-perpetuating laboratory
colony is still one of the objectives of this station.
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