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The Laboratory Rearing of Parasitic Acarina
A General Review
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Since there are several special contributions on
ticks, these are almost ignored in this paper.

It is customary to study the natural conditions of
the arthropod first and, in the first trial cultures, to
attempt to reproduce these in controllable conditions.
For example, the requirements of a nest-dwelling
parasite of a burrowing rodent will be subjected to
lesser temperature fluctuations, especially at the
downward levels, to lesser changes in light and to
generally higher CO2 and humidity than a field-
dwelling parasite or one living in a nest above the
ground.
However, subtleties in environmental conditions

may readily be overlooked. Both personal experience
and a review of the literature suggest that there is a
general tendency to neglect empirical and experi-
mental approaches to the discovery of such subtleties,
as well as to neglect the following: the chemical
quality of the ambient air; the influence of exposure
to light of different colours or intensities at particular
critical times; improving the media and methods of
artificial and semi-automatic or small closed-
system feeding; and possibly the need to simulate,
at least to some extent, natural diurnal changes in
temperature and humidity, i.e., not only light (see
Chovnick, 1960; Wolf, 1962).
Most of us have hitherto tended to concentrate

on temperature and humidity because these are
not only critically important but are also most
readily controlled. We would certainly profit by
extending our imaginations into the little world of
the arthropods we try to culture.3
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'Such attempts are greatly aided by grouping the para-
sitic arthropod concerned after Camin (1963), also independ-
ently followed by Audy (1948, 1958)-namely, group I, host-
dwelling; II, nest-dwelling; III, field-dwelling (and IV, food-
dwelling). Each group differs in its types of special require-
ments, feeding habits, and adaptability.

COLLECTION AND TRANSPORT

Soil- or nest-dwelling mites may be collected by
using various adaptations of the Berlese-Tullgren
apparatus modified so that mites drop into containers
from which they may be collected alive (Bertram
et al., 1946; Haarl0v, 1947; Sengbusch, 1954). Scott
(1949) collected mesostigmata from rodent nests by
applying the same principle. A great advance on
previous methods is that of Kempson et al. (1963).
Light traps, relying on positive phototaxis of un-
engorged trombiculids, have also been devised
(Cockings, 1948; Jones, 1950).

Mites on the body of mammals may be removed
by using a fine-tooth comb (plastic combs are
unsuitable because they are easily damaged). Para-
sites of birds may be collected by enclosing the host
in a plastic bag except for its head, a suitable
anaesthetic introduced into the bag permitting the
mites to be subsequently dislodged (Williamson,
1954).
CO2 can be used as a valuable attractant for ticks

in the field (Garcia, 1962) and has with us proved
sucessful with mesostigmata and ticks from burrows.

CULTURE CONDITIONS

Chambers

The main kinds of cultural procedure are: (a)
individual or paired-sex rearing either for taxonomic
purposes or for genetic and transmission studies;
(b) small colony cultures which will include stock
cultures; (c) mass cultures (Kohls, in Needham
et al., 1959; this reference relates to ixodids but has
wide applications). The main types of chambers
for such cultures are (1) capsules (preferably with a
viewing window) suitably attached to the host;
(2) individual small chambers, either each with its
own humidity control, or relatively small batches
of these placed together in a humidity chamber;4

I A useful recent review of certain types of rearing cells
is given by Radinovsky & Krantz (1961). Host and chamber
may be brought together for feeding or the mites transferred
to a fresh feeding chamber.
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(3) larger chambers, frequently shared by the host,
for mass culture; and (4) controlled-atmosphere or
walk-in rooms.

Physical and chemical conditions

In all the chambers mentioned above, the first
points to receive attention are temperature, humidity,
sufficiently purified air, suitable substrate, and
lighting. Humidity, very much more troublesome to
control than temperature, is usually maintained in
small chambers by keeping them over various salt
solutions, but in larger chambers other devices must
be used. The substantial risk of irreparable damage
due to lowering of relative humidity below a certain
threshold, when the chambers are opened, may be
obviated by opening them in a moist atmosphere.
Thermal shock may affect pupae.
Whenever practicable, the most satisfactory way

of arranging conditions is to provide gradients so
that arthropods themselves can seek the level they
prefer at different times of day and night, e.g., a
moist and a dry wool plug at each end of the tube
will give such a gradient-a three-inch tube at
20°C gave 95 %-100% relative humidity range
within (Radovsky, 1960). Similarly, earthenware or
plaster-charcoal may be kept moist at one place and
allowed to dry out further away (Axtell's rearing
chambers for macrochelids; Cockings & Nadcha-
tram's earthenware pots for trombiculids). Ab-
sorbent paper or cotton wicks rising from a water-
chamber and in contact with, for example, plaster-
charcoal, are useful in many cases. Small piles of
sterilized soil, coarse sand or vermiculite may be
used to provide such gradients, which are also
supplied by the straw, corrugated cardboard or
similar material used for rearing a number of
parasitic mesostigmatic mites.
The provision of such gradients is part of a general

requirement to form sanctuaries where phototropic,
thigmotrophic and other requirements are met, as
well as suitable conditions of temperature and
humidity. One particular kind of sanctuary has a
double purpose: the Chinese discovered this cen-
turies ago in using small bundles of sticks in their
bed-clothes as sanctuaries to which bed-bugs would
return after their feed; the little faggots could then
be burnt the next day. Similarly, in culture chambers,
small movable sanctuaries may be provided by
fragments of corrugated cardboard, folded filter-
paper, small bundles of toothpicks tied with thread,
pieces of wooden tongue-depressors held with
rubber bands, or larger pieces of wood such as have

been used for cultures of Dermanyssus gallinae
(Chant, 1957). An advantage of these transferable
sanctuaries is that arthropods concealed within them
can readily be transferred to other chambers for
subculturing or feeding.
The most popular substrate, of plaster of Paris

and charcoal (usually 9: 1), should for many acarines
have its surface smoothed over, e.g., with a glass rod
or tube, to avoid the hazard of small pores which
may open into cavities. This gives a good substrate
for many purposes, since it is not slippery, it helps
to maintain humidity, and troublesome condensed
moisture as well as CO2 and possibly deleterious
substances are immediately absorbed. Glass is by
far the worst surface for moisture condensation,
which may be avoided by using polyethylene plastic
(which also has the advantage of having snap-on
lids available), by arranging for a screened vent in
the lid and by lining the entire tube with plaster-
charcoal.

Atmospheric quality

Except for humidity and temperature, this has
been relatively neglected. Munger (1956) and his
colleagues have found it essential to remove pre-
sumably deleterious impurities in the air by constant
filtration through activated carbon in the culture of
Metatetranychus citri. Trombiculids and many
mesostigmatic mites and others are stimulated by
the presence of moderate concentrations of CO2.
Sasa & Miura (1951) and others have found it
important (especially with trombiculids) to remove
the CO2 by constant circulation of air, or better, by
the constant inflow of air which has been passed
through soda-lime, so that even the exhaled air of
the workers and hosts can be eliminated. Air
circulation as well as filtration should receive more
widespread attention.

Light requirements

First, critical intensities of light should be de-
termined and never exceeded: some species thrive
only in the dark or semi-dark, some are affected by
brief exposures to bright light. There is some
evidence that the colour of the light considerably
affects various animals, and this should receive
attention also. In addition to optimum and deleteri-
ous light intensities, more respect should probably
be paid to varying requirements associated with
circadian physiological rhythms (Wolf, 1962). It
may be assumed that an approximately 12-hour
light-dark rhythm should be kept up, either by
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exposure to daylight or by scheduling artificial light.
The same applies to temperature and humidity.
This aspect of culture conditions is neglected
generally with parasitic mites.

FEEDING PARASITIC STAGES

Techniques offeeding
Colonies should be established preferably using

natural hosts. Anaesthetic or mechanical immobili-
zation is particularly required for feeding tests or for
infecting small batches (Deoras & Patel, 1960;
Wharton & Cross, 1957). Feeding may be facilitated
by using sucklings, scarifying the skin, or brushing
it lightly with a wire brush. The tail is a very useful
appendage, especially for feeding rodent mites, the
host being restrained during feeding. Feeding
capsules have been used with success (Camin, 1950,
1953; Downing, 1936), although not as widely with
mites as with ticks. Small cloth sleeves with a cloth
flange cemented to the shaved skin are popular
with many workers, especially for ticks. Like many
other arthropods, mites can be induced to feed
more readily if somewhat starved (Hoogstraal,
1961).
Almost nothing is known of the effects of the

nutritional status of the host on the parasites: the
possibility of enhancing reproduction by treatment
of the host with special foods, vitamins, or hormones
should be explored; so should the effect on the
parasites of pregnancy and stress in the host.

Disposal of waste
The disposal of the host's dejecta and the separa-

tion from them of parasites is particularly trouble-
some in mass rearing. Ideally, a substrate separate
from but closely adjacent to the host should be
provided for the resting and multiplication of the
parasites, both the host and its dejecta being
removable without disturbing the parasites. Such a
substrate may be provided between an outer con-
tainer and an inner cage for the host in double cages
(Camin & Ehrlich, 1960; Scott et al., 1947).
Radovsky (personal communication, 1960) in
feeding dermanyssids on caged bats, found a
cloth over the screened cage served as a necessary
substrate for oviposition and moulting.

Artificialfeeding
This has been little explored. Fresh blood is

always to be preferred but citrated or heparinized
blood is accepted by a very wide range of parasites.

Ornithonyssus bacoti appears to grow and reproduce
normally after feeding on heparinized blood through
artificial membranes (Macdonald & Scott, 1952)
while Cross (1954) reared the same mite using a
" membrane " of bolting silk. Other useful tech-
niques have been described (Allred & Marchette,
1957; Radovsky, 1960).

FEEDING NON-PARASITIC STAGES
AND SPECIES

Feeding non-parasitic stages and species is required
for post-larval stages of trombiculids, oribatid
intermediate hosts, and mass rearing of predators to
be used as biological control agents. The eggs of
collembola, e.g., Sinella curviseta, are convenient
for rearing many trombiculids, but Kumada
(personal communication) has used eggs of Musca
domestica vicina, and Ito et al. (1957) had out-
standing success with eggs of dragon-flies which
tolerate preservation en masse at -3°C in saline.
The eggs of Musca had to be rationed because the
mites tended to over-eat, becoming grossly distended
and readily bursting. Artificial media in acarine
rearing have met with only limited success (Woodring
& Cook, 1962).

PROBLEMS OF CONTAMINATION
BY OTHER ORGANISMS

Predators

Common predators are counteracted by meticul-
ous colony hygiene and cleanliness, selection of
uncontaminated breeding stock, and regular sub-
culturing. When predation reduces colonies, they
should be studied carefully for their own sake with
a view to determining critical factors of predator
versus prey and biological control potentialities. The
levels of temperature or light intensity often affect
the balance.

Parasites
Relatively little is known about parasites, in-

cluding micro-organisms. The only virus disease
known to attack mites and transmissible to healthy
ones is that of the citrus red mite Paronychus citri
(Smith et al., 1959).

Fungi
Fungi are troublesome when humidity must be

kept above 75 , especially above 90%. In addition
to alkalinization and weak thiomersal solutions,
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methods of inhibiting moulds without harming
mites require exploration.

Others
Infestation by anoetids and hypopi has caused

trouble in chigger colonies. Especially where straw or
other material is used in mass cultures, the appear-
ance of " Storedproductidae " may harm the colonies.

PROOFING AGAINST MITES

AND TICKS

Proofing is required to ensure that organisms
neither escape from nor get introduced to breeding

colonies. Kohls (in Needham et al., 1959) gives a
very thorough account of proofing cabinets and
rooms against ticks, and the methods described by
that author are adaptable to protection of other
arthropods if they are combined with appropriate
microbiological precautions and attention to per-
sonal protection of workers.

OTHER ASPECTS

Genetic aspects, and the poorly explored field of
biological control agents, are adequately dealt with
in other papers in this issue.
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