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Parasites of Muscoid Flies
RAIMON L. BEARD 1

The easy successes in laboratory rearing of
parasites can be resolved promptly into routine
techniques. The difficulties in parasite rearing pose
a variety of scientific questions. It is possible that a
study of the difficulties may be more revealing than
of the successes for, if they can be explained, the
limitations and potentialities of the parasite may be
understood more realistically.

I would like to comment on the culture of two
parasites of muscoid ffies-one easy to rear in the
laboratory, and one that poses numerous problems.
From these examples I would like to suggest a role
of adaptation in the laboratory rearing of parasites
for field use.

Nasonia vitripennis (Walk.) is a well-known
parasite of fly pupae. It has been used widely in
genetic studies, more commonly under the older
name of Mormoniella. It was extensively used in
field studies in Australia as a biological control
agent of blowflies (Wilson, 1960). De Bach, Smith,
Pimentel, and several other workers (see biblio-
graphy in Peck, 1963) have used it in studying
principles of host-parasite relationships. Its ubiqui-
tous presence is illustrated by the fact that it may
easily get into laboratory cultures of houseflies
and, once established, may be difficult to eliminate.
The host range of Nasonia is wide. Almost any

muscoid pupae can be parasitized, and the wasp
will even attack unnatural hosts, such as Galleria,
Achroia, and other Lepidoptera, although no
progeny will result (Cousin, 1930).

Host-finding is the chief limitation of Nasonia
as an effective parasite. If fly pupae are exposed,
the wasp has no difficulty in attacking. If, on the
other hand, the pupae have adequate protection by
surrounding media, the wasp has limited ability to
locate its host. Under these conditions laboratory
populations of houseflies cannot be eliminated by
the parasite even if excessive numbers are intro-
duced. Ullyett (1950) called attention to the fact
that for this reason pupation site often determines
which hosts are most heavily parasitized. This
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means that in mass culturing of this type of parasite
the host pupae should be presented completely
exposed. If this is done with sufficient parasites,
100% of the host pupae are consistently attacked.

It is no novelty to say that numerical ratios
between parasite and host are important. This is
particularly true of this parasite, which exercises no
discrimination between suitable hosts and those
unsuitable or those already parasitized. An example
of the yield of parasites as a function of host-
parasite ratios (Musca domestica: Nasonia vitri-
pennis) is cited in the table. Others could be quoted
from the literature.

FATE OF FLY PUPARIA EXPOSED FOR TWO DAYS
TO NASONIA VITRIPENNIS

Host Filies 1Flies dead, ] Flies
pupae: developing with no Iyielding

Parasites i parasites parasites

27:1 52 22 26

9: 1 28 25 47

3:1 3 46 51

1:1 0 88 12

1:3 0 100 0

1: 9 0 100 0

1:27 0 100 0

Obviously, too few parasites result in flies escaping
attack. Also it is obvious that too many parasites
are fatal to both host and parasite. This results
directly from lack of discrimination by the parasite,
permitting multiple attacks on the same host, as well
as attacks on unsuitable hosts.

Excessive oviposition in the same host wastes
reproductive potential. More than 50 parasite eggs
have been observed in a host capable of nourishing
not more than 20 parasites. Multiple attacks kill
the host, whether oviposition occurs or not. This
does not matter if the host is sufficiently developed
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and if oviposition is not excessive. The parasite
can complete its development on the dead host.
A less obvious lack of discrimination is the failure

of the parasite to distinguish host pupae in a suitable
stage of development (see Beard, 1964). Nasonia
attacks pupae of all stages, and can be successful
even near the time for the fly to emerge. In the
initial stages, however, there is a period of about
24 hours after the formation of the puparium and
before the pupal integument is formed when mul-
tiple stings kill the host. Parasite eggs, even if
introduced, fail to develop. This is because at this
time the eggs are introduced into the body mass
rather than between the puparium and the pupal
integument. Nasonia is not adapted to this type of
endoparasitic existence, and so both host and para-
sites die. In culturing, this simply means that host
pupae at least 24 hours old should be used.

In the laboratory, the pupa of the face-fly (Musca
autumnalis De Geer) is a favourable host for Nasonia.
In the field, a small-scale trial in biological control
was attempted even though failure in field use could
have been predicted from the experience in Australia,
where millions of Nasonia were once released for
blowfly control (Wilson, 1960). The trial was made
where some degree of ecological isolation prevailed
and where the face-fly population was heavy but
localized. At weekly intervals during one month,
a total of about 30 000 parasitized housefly pupae
were introduced into the pasture area. The pupae
were contained in plastic cages screened so parasites
could emerge but birds and other predators could
not reach the pupae. Parasite emergence was good;
parasites were evident most of the time in the
release area. But not a single recovery was made,
either from naturally occurring muscoid pupae in
the field or from bait pupae set out as sample traps.

This field experiment, a failure in itself, disclosed
that many face-fly pupae and sarcophagid pupae
were parasitized by a braconid, Aphaereta pallipes
(Say), as had been reported previously by Blickle
(1961) and Benson & Wingo (1963). Here, under
natural conditions, a parasite was flourishing
whereas it was temperamental in the laboratory.

Aphaereta pallipes has been studied in Canada
from several points of view. Its biology has been
rather fully reported by Salkeld (1959), who reared
it on the onion maggot (Hykmya antiqua (Meig.)).
She reported that the housefly was a suitable host,
but her Canadian colleagues had difficulty with the
housefly as host. They cultured it on the sarco-
phagid, Agria affinis (Fall.). Blickle, in New Hamp-

shire, and I have had almost uniform failure in
getting Aphaereta to attack housefly larvae. I have
also found Phormia regina (Meig.), Phoenicia sericata
(Meig.), and Piophila casei to be unsuitable hosts.
So far I have been successful only with Sarcophaga
bullata, which I have found as a frequent host in
the field.
The fact that different workers have had different

results with the housefly as host, and the fact that
suitable hosts represent at least three different
dipteran families and occupy diverse habitats, lead
one to believe that the parasite is not so host-
specific as appears, but that some specific require-
ment, possibly nutritive in nature, must be supplied.
This is suggested by Barlow (personal communi-
cation), who has stated that the host (Agria affinis)
he uses for rearing Aphaereta must be reared on
fresh pork liver for most effective parasitization.
Frozen liver, or beef liver, cannot be substituted.
A peculiar difficulty in obtaining Aphaereta is

frequently encountered. This is the failure of the
mature parasite to emerge from the host puparium.
This has been observed in several laboratories.
I have had it happen in laboratory cultures, whereas
field-collected material emerged satisfactorily. On
the other hand, Blickle (1961) had uniform failure
in emergence of field-collected material of Musca
autumnalis. To what extent poor emergence is a
constitutional failure of the parasite, a feature of
the physical state of the host puparium, or a con-
dition of the physical environment, is not at present
known. It should be explainable if the proper
questions are asked about the system and suitable
experiments made.
These two examples of host-parasite complexes

illustrate certain problems characteristic of this type
of system-namely, host selection, host finding,
nutrition of host and parasite, host development
with respect to parasite attack, and physical environ-
ment, either with respect to the host as the environ-
ment of the parasite or with respect to the external
environment of the host. These are all areas that
need study and understanding for the culture and
use of entomophagous insects as control agents.
There are other pteromalid parasites of muscoid
pupae that appear to be as easy as Nasonia to
culture, and there is current interest in the rearing
of other, more fastidious, hymenopteran and staphi-
linid parasites of muscoid ffies. Little has been done
on this yet, but it promises to be an interesting effort
that will probably involve difficulties of a sort
different from those discussed here.
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Parasitic insects are no different from other insects
in having in some instances narrowly limiting require-
ments and, on the other hand, being adaptable. The
adaptability may be genetic, by selection, rather
than physiological. Ease of rearing may mean that
requirements, even though narrowly restrictive, are
met by chance or design. Or it may mean that
from a variable population individuals genetically
suited to a somewhat different environment are
selected, and a satisfactory laboratory strain develops.
It is common experience that in bringing insects in
from the field, failures in establishment can occur
repeatedly until for some unexplained reason the

culture gets started and success then follows. This
being true, there is no reason why the reverse cannot
occur, and a parasite, thriving in the laboratory,
may fail to find the field conditions similar enough
to its accustomed environment.

I would like to suggest that too-stereotyped a
system of culture of parasites can introduce the risk
of developing such a behaviouristically homogene-
ous population that it is not sufficiently adaptable to
meet the different conditions in the field. Perhaps
it is not genetic homogeneity that should be sought,
but a high degree of heterogeneity.
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