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The Feasibility of Mass Producing Macrochelid
Mites for Field Trials against Houseflies

A. FILIPPONI I

Numerous species of macrochelids (Acarina;
Mesostigmata) have now been proved capable of
attacking housefly larvae and eggs, but it is presumed
that only a few of them play a role of any importance
in the control of flies in nature.
A large sample of 105 075 muscid flies caught in

Central Italy was found to be carrying 1289 females
of Macrocheles muscaedomesticae (Scopoli), 890 of
M. subbadius (Berlese), 91 of M. perglaber Filipponi
& Pegazzano, 3 of M. merdarius (Berlese) and 2 of
M. glaber (Muller). This list, given in descending
order of abundance, cannot be considered an
absolute indication of the importance of the various
species. It has, in fact, been found that the density
of association between macrochelids and muscids is
affected by the ecological situation (M. glaber, for
example, seems to be more frequently transported
by flies in England). Also, different species may be
involved in different regions; M. scutatus (Berlese)
was found in Russia on fly-paper. Finally, the
frequency of the phoretic association (Filipponi,
1960) does not necessarily represent the frequency
of the predator/prey association between the same
symbiotes; species such as Glyptholaspis confusa
(Foia), M. peniculatus (Berlese), M. robustulus
(Berlese) and many others, which prey actively upon
the eggs and larvae of flies in laboratory conditions,
are frequently found associated with flies in their
larval habitats, but for transport use coprid beetles
exclusively. Biological and ecological studies of all
these species are still in progress (Axtell, 1961;
Wade & Rodriguez, 1961; Rodriguez & Wade, 1961;
Rodriguez, Wade & Walls, 1962), so that the most
important problem of the utilization of macrochelids
in fly control remains the determination of the prob-
able value of each species. Nevertheless, on the
basis of present knowledge of the biology of macro-
chelids, another general prerequisite may be discuss-
ed-the possibility of mass production of those spe-
cies selected as candidate biological control agents.
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FACTORS AFFECTING POSSIBLE MASS PRODUCTION

What variables are introduced by different nutritive
media ?

The 21 species of macrochelids so far raised in the
laboratory have all been found to be carnivorous
and predatory (Filipponi, 1955, 1962); their eco-
logical requirements nevertheless differ. Fourteen
of them were offered identical series of different
foods (yeast, poduromorph springtail, enchytraeid
worms, rhabditid nematodes, fly eggs) with horse
manure as substratum, and different spectra of
fecundity were obtained for each species. The
highest rate of fecundity was, however, obtained in
every case with either rhabditids or with fly eggs.
The choice of nutritive medium for mass production
thus appears to be rather restricted. Food prefe-
rences of the immatures may differ from those of
the adults. Protonymphs and deutonymphs (there
is no need to feed the larvae) appear to prefer fly
eggs and larvae already attacked by the adult mites.
Even in those species where the adults prefer fly
eggs, the nymphs more often choose nematodes as
food.

Although macrochelids living in manure do not
actually feed upon this, the nature of the substratum
affects their reproduction either because certain
nutrients in the substratum may be used by the mite
(fasting females of M. peniculatus on paper cease
ovipositing long before fasting females on manure)
or because, when nematodes are present, the sub-
stratum may become an active link in the trophic
chain, favouring the production of bacteria.
As in the case of flies, it is advantageous to

replace the manure by synthetic substitutes. We
are indebted to Rodriguez and his co-workers for
introducing into the rearing of macrochelids the
Ralston Purfina Company's standard fly larval
medium and for having proved that it is more
effective if it has already been used for fly pro-
duction.
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Cylindrical, polystyrol containers, with poly-
ethylene lids in which it is easy to make holes which
can then be covered with organdie, have been found
very practical for the rearing of macrochelids.
Mass cultures can be kept in large containers
(22 cm x 15 cm), but smaller containers, 6.5 cm x
5.5 cm (normally used for laboratory experimental
treatments), could be used with advantage for the
production of small quantities of mites starting
with 10 females or thereabouts; this would avoid
the necessity of counting mites from populous
colonies into small batches for field distribution.
The mites are extracted from the culture by

means of Berlese funnels with a rather large " col-
lector" (150 ml) in which a quantity of damp,
screwed-up paper is placed to provide abundant
shelter. Under these conditions, the effects of
cannibalism are negligible.

What represents the optimum physical habitat ?

We have not yet sufficient data to determine the
optimum ecological conditions for all the species
of macrochelids which could be used as fly control
agents. However, it is possible to give some para-
meters.

Three species of the glaber group-M. glaber,
M. perglaber and M. scutatus-were bred at 10
different temperatures (10°C, 13°C, 15.5°C, 20°C,
22.50C, 260C, 28.50C, 330C, 360C, 400C) and
different spectra of fecundity rate (offspring per
female) and of reproduction rate (offspring per
female per day) were obtained for each species. The
highest fecundity rates were achieved for the three
species at the temperatures of 15.5°C, 20°C and
22.50C, rather near the lowest limit for their active
life, and the highest reproductive rates at the
temperatures of 260C, 28.50C and 330C, rather near
the upper limit for their active life. Since, as a basis
for standardization, it is necessary to choose
ecological conditions under which the maximum
potential reproduction of the species will be realized,
temperatures near those favouring maximum repro-
duction rate should be maintained. If nematodes are
used as food, their temperature preferences (generally
lower than for fimicolous macrochelids) must be
taken into account. As a starting point an environ-
mental temperature of about 270C might be
considered likely to meet the various requirements.
By adding water to dry substratum at a ratio of

2: 1 a moistened condition is achieved which
has been found to be satisfactory for nearly all the
species reared. The laboratory must be maintained

at a relative humidity of 55 %-65% to permit
moderate evaporation in the substratum and thus
to provide a gradient.
Good aeration must always be ensured if anaero-

bic fermentation is to be prevented. At low oxygen
pressures the females of some species of macro-
chelids delay oviposition. Consequently the egg
completes its development within the uterus of the
females and is deposited as a larva. Larviparity
coincides, however, with deceleration of repro-
ductive activity.

What type of nutrient medium offers a basis for
standardization ?

All the macrochelids reared can use nematodes
at least as an alternative food (which does not
reduce their biological control potentialities).
Bearing in mind also the various food preferences of
the immatures, it is felt that two food organisms
(fly eggs and nematodes) should be used con-
currently as a basis for standardization.
With respect to fly eggs, it remains to be decided

whether they should be used frozen or alive, or
frozen and alive alternatively. In so far as nematodes
are concerned there is still the problem of the
specific preference. Rodriguez et al. (1962) demon-
strated that M. muscaedomesticae prefers Rhabditella
leptura (Cobb) and other macrochelids may have
different preferences. These must be determined.

What are the implications ofproviding living animals
as sources offood ?

The Peet-Grady method for breeding and handling
of flies is well known and periodically brought up to
date. Laboratories in countries which do not use
this method adopt other standardized and equivalent
procedures, so that production of fly eggs does not
present any difficulty.
The production of nematodes also seems to be

quite easy. They can be reared on nutritive agar
with the addition of wheat germ (Filipponi, 1962)
or on a standard fly larval medium with a mould
inhibitor (Rodriguez et al., 1962). Good results are
obtained in our laboratory with the following
mixture: a used standard fly larval medium, a
standard guinea-pig diet and 1/12N sodium hydrox-
ide solution at a ratio of 1: 1: 5 by weight. Once
the most suitable species have been chosen it will be
necessary to determine the optimum ecological
conditions for each one.
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How can genetic variability be reduced and kept
minimal ?
Of the 21 reared macrochelids, 19 were shown to

be arrhenotokous and two thelytokous. It has been
noted that in the arrhenotokous species, the male
offspring may fecundate the mother. Inbreeding is
very frequent in nature as well. In inbred laboratory
populations there is a tendency towards reduction
of genetic variability. In view of the average life-
span of each generation (three to nine days) this
reduction should be very rapid indeed.

It has been shown that strains of a single species
founded with females of different origin may also
differ considerably in their average fecundity. It will
thus be very important to look for the most prolific
strain or, better, still to attempt to select for maxi-
mum fecundity.

Can mating procedures be facilitated in the light of
modern research ?
In arrhenotokous macrochelids the haplo-diploid

sex-determining mechanism is present, fertilization
yielding the diploid female and parthenogenetic
development the haploid male. The sex-ratio is thus
determined by the relative frequency of fertilised and
unfertilised eggs. Females, however, do not possess
the power of controlling sex-ratio, as in the case
of the bee. This control seems to be exercised by an
ecological mechanism. When there is a shortage
of males, an excess of unfertilized eggs, which give
rise to males, is produced. When these males mate
with females of the previous generation, the latter
can then give rise to an excess of female offspring.
In good conditions of breeding, a predominance of
one sex thus leads automatically to an increase of
the other. Sex-ratio therefore follows an oscillating
trend, the oscillations becoming less and less marked
until a balance is reached. A balance does not
necessarily mean a 1: 1 ratio; it varies from species
to species according to the sexual vitality of the
males. In adverse conditions of breeding, only
females will survive. In conclusion, the macro-

chelids are provided naturally with an effective
mechanism for the regulation of male/female
balance, and colony maintenance is thereby facili-
tated.

What are the implications of parasites, including
supposedly normal ones ?
We lack information concerning parasites of

macrochelids, normal or otherwise, although labora-
tory colonies are readily infested by tyroglyphid
mites or by other macrochelids. The former can
reach the colony on flies or on founder female
macrochelids (to both of which they adhere in the
hypopus stage). Other macrochelids, however much
care is taken, will always be able to escape control
in routine laboratory work.

What steps can be taken to free the stock from
parasites and diseases and to maintain it in such
condition ?
The only way to free the stock from infestation

is to renew it. Some females are extracted by means
of a funnel; they are placed in a container with a
little substratum and food, and examined indi-
vidually at low magnifications to ensure that they
are free from smaller phoretic macrochelids and
hypopus stages of tyroglyphids. These females are
used to found the new colony. In order to avoid
contamination it is advisable to keep the containers
isolated, e.g., by means of petroleum jelly.

CONCLUSIONS

Summing up, it may be said that the mass pro-
duction of macrochelids is both possible and not
excessively difficult. The elucidation of optimum
ecological conditions for each species and the
selection of particularly prolific strains should
favour the increase of production levels. However,
for at least some species, all essential conditions for
establishing a basis for standardization of breeding
methods are already known.
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