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Standardization of Mass Rearing Procedures
for Entomophaga

STANLEY E. FLANDERS 1 & ERNEST C. BAY 2

This paper summarizes a number of considerations
which must be taken into account for efficiency in the
mass rearing of entomophaga in general and, where
possible, it emphasizes the importance of these with
respect to the rearing of natural enemies affecting
insects of public health concern.

Containers used in the rearing of entomophaga and
their hosts should possess the following character-
istics: (a) they should be secure against escape;
(b) their construction materials should be free from
toxic substances; (c) they should be of convenient
size and shape for easy handling; (d) they should be
adequately ventilated to prevent the accumulation of
excessive heat, moisture and odour; (e) they should
be easily cleaned or made disposable; (f) they should
be of adequate size for mating and host search;
(g) they should be adaptable for use in the several
phases of the rearing operation; (h) they should be
standardized and easily procurable; (i) they should
be designed to take advantage of the organism's
behavioural taxis; and (j) they should be adaptable
to automated handling (Flanders, 1949).
A wide array of plastic containers lend themselves

to the fabrication of rearing units answering these
requirements; e.g., clean, hard styrene one quart
(approx. 1 litre) food containers with circular poly-
ethylene snap-on lids have proved ideal for the
propagation of both Hippelates eye gnats (housing
all stages of development) and their parasites. The
same containers are equally well suited to the pro-
duction of housefly parasites and other entomophaga.
Not only are they inexpensive, transparent, light in
weight, easily nested or stacked and relatively non-
fragile, but they can be readily modified for ventila-
tion, food accessibility, attachment of mesh and
insertion of tubing for automatic insect transfer.
Such modification is easily accomplished by the use
of heat or solvents.
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Rearing entomophaga in closed containers has
resulted both in decreased mating efficiency and
inhibition of oviposition due to odour contamination
and loss of odour gradient. For this reason, so far
as is possible, containers should not include sub-
stances which will absorb host or sex-attractant
odours.

In the rearing of citrus red mite (Metatetranychus
citri) it has been found necessary either to ventilate
or treat both the containers and the air of the room
or cabinet in which they are held. Treating the air of
such rearing rooms with activated charcoal filters
purifies it of undetermined substances which inhibit
mite fecundity (Munger, 1956). Meanwhile, the
filtered recirculated air does not interfere with con-
stant temperature and humidity conditions. Ventila-
tion is also important where volatile or decomposing
food substances are used. Without ventilation,
larvae of brachycerous Diptera will evacuate their
rearing media and die. The size of a container and
also its moisture provision can have a strong bearing
on the mating and oviposition of certain insects.

Nutritional factors. Care should be exercised to
maintain humidity conditions that do not cause semi-
liquid foods either to dry or pool, thus causing para-
sites to become mired. A means of reducing this
danger is to streak honey, for instance, on fine wire
or synthetic fibre mesh.
With certain entomophaga (Habrolepis, Com-

periella), development may be retarded and inhibited
by the quality of the nutritive media digested by their
normal hosts.

The optimum physical habitat is that which will
allow for the greatest production of insects with the
least amount of care within a given time. Special
conditions of light, temperature and humidity are
required for rearing certain species of entomophaga.
Wherever convenient, containers should receive an
appropriate exposure to daylight, rather than arti-
ficial light. Certain parasitic Hymenoptera (Encyrti-
dae, Opiinae) fail to mate indoors.
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Temperatures around 80°F (26°C) and a relative
humidity of 55 %-65 % are satisfactory for the rearing
of most entomophaga. Too low a relative humidity
during emergence can be fatal to many of them, and
too high a relative humidity can result in fungal and
disease problems. Too high a humidity also causes
asphyxiation of many entomophaga due to moisture
stoppage of tracheae. Temperatures favouring rapid
larval development of some insects (e.g., Tricho-
gramma) result in less active adults than those which
develop more slowly. Too low temperatures, on the
other hand, can destroy the sperm-producing capa-
city of entomophagous males (Flanders, 1938).

Standardization of nutritive media. Since the host
is usually the primary if not the sole source of nutri-
tion for entomophagous species, it is the food of the
host that is most important here. Wherever possible
this medium should be commercially available
standardized material. Preferably, it should be dry
and non-viable, amenable to long storage, nutri-
tionally complete (of known composition), and
readily available at low cost (Flanders, 1949).

The use of living organisms for the rearing of
entomophaga, which inevitably increases the cost of
the latters' culture, requires that host colonies be
maintained in an efficient, highly productive, disease-
free state. The parasites and their hosts must be
conveniently separable, both for the maximum pro-
duction of the parasites and for the prevention of the
release of non-parasitized host material in the field.
Pupal parasites of brachycerous Diptera are excep-
tionally easy to manage in this respect. Host puparia
may be stuck to cards with rubber cement or other
non-toxic substances for exposure to parasites for
desired periods; the same technique can be employed
with eggs, e.g., as for those of the Mediterranean
flour moth Sitotroga in the production of Tricho-
gramma. Cards of exposed host material can then be
held for emergence of unparasitized individuals, al-
lowing a clean parasite culture to remain.

The qualifications ofthe ideal laboratory hostfor the
rearing of entomophaga are that it: (a) is a general
feeder, (b) has a rapid rate of increase, (c) exhibits
little, if any, internecine action, (d) is highly immune
to disease, (e) produces no by-products (sticky secre-
tions, webbing, wax) to interfere with the attack of
entomophagous species, (f) is readily accepted by the
species which is to be mass-cultured (Flanders, 1949),
and (g) is easily separable from its environment and
from the parental entomophaga.

Among the species of public health importance
which may be considered as possessing most of the
above qualifications, are houseflies, eye gnats (Hip-
pelates), blow-flies, mosquitos, fleas and ticks.
Species which have so far defied attempts at success-
ful laboratory culture or which lack one or more of
the above host requisites include tabanids, simuliids,
chironomids and tsetse-flies. At present, the propa-
gation of natural enemies of these insects would be
dependent either on the availability of field-collected
host material or on the finding of a satisfactory
factitious host that could be reared in the laboratory.

It is essential that both host and entomophagous
insect complete their development in a minimum of
time. Rapid turnover not only precludes most of the
adverse effects resulting from host density, but it also
increases production efficiency per unit of space and
time. Culture replacement should be arranged so
that the daily yield of an entomophagous insect is
constant and at the maximum level fixed by its
habits and environment. Organisms possessing the
highest inherent reproductive rate and capable of
completing individual development with the least
amount of food are mass-reared in the greatest
numbers (Flanders, 1954, 1961).

Genetic variability, so far as is known, is of little
consequence in the rearing of entomophaga. Reports
of genetic decline of insect cultures due to prolonged
inbreeding can usually be traced to improper main-
tenance. Although excessive numbers of males in
cultures may diminish the oviposition efficiency of
females of some species of entomophaga, Bay (un-
published) found this not to be true of Spalangia
drosophilae, Phaenopria occidentalis or Eupteromales
nidulans reared on pupae of Hippelates collusor.

Selective breeding for fecundity under culture con-
ditions appears to be of little, if any, value, since in
most cases the food supply is fully utilized (Flanders,
1949). Also, selective in-breeding in the insectary
may result in the establishment of characteristics un-
favourable to the survival of the insect in the field.
This could perhaps be avoided by maintaining
auxiliary cultures out of doors for crossing with the
insectary strain at appropriate intervals.

The maintenance of a proper sex ratio may be
influenced by host density and the stage of host
development when parasitized. Also, females of
certain entomophaga tend to select small hosts for
the deposition of their male-producing eggs and large
hosts for the deposition of female-producing eggs.
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Nevertheiess, siidies with the pupal parasites S.
drosophilaze on H. collusor have shown that the size
of the host has no bearing on the oviposition be-
haviour of the parasite nor on the sex ratio of its
progeny (Bay & Legner, 1963).
Mating takes place readily without particular

attention among several pupal parasites of brachy-
cerous Diptera (Spalangia drosophilae, S. muscida-
rum, Nasonia vitripennis, Phaenopria occidentalis,
Eupteromales nidulans). This is likewise true of the
Chalcidoidea (Flanders, 1943) and of most other
insectary-reared parasitic Hymenoptera which require
mating. Exceptions occur where flight must precede
mating, e.g., among the Opiinae, which require large
outdoor cages for this purpose.
Female entomophagous Hymenoptera that are un-

mated because of aging or other unfavourable con-
ditions may be induced to mate by (a) brushing their
bodies with the larval skins of newly-emerged fe-
males,' (b) withholding nourishment for several
hours and then presenting them with food in the
presence of full-fed males, (c) exposure to air move-
ment produced by an electric fan, (d) a sudden in-
crease in temperature to the optimum in the presence
of bright light, (e) subjecting them to anaesthetiza-
tion or chilling and subsequently confining them with
males immediately after recovery, but before regain-
ing full activity, or (J) merely having a certain ratio
of males to females.

Tachinids have been induced to mate by (a) shak-
ing the adults in containers, tumbling them together,
(b) placing large numbers of adults (males predomi-

1 Isolation and synthesis of female sex attractants, as is
being studied with respect to cockroaches and the gypsy
moth Porthetria dispar (Jacobson, Beroza & Jones, 1961;
Jacobson, Beroza & Yamamoto, 1963), might have appli-
cation here.

nating) in large screen cages outdoors and shaded
from the sun, and (c) transferring screen containers
from shade to bright sunlight (Flanders, 1949).
Conceivably, with recent developments in electronics,
it may prove feasible to induce mating in " difficult "
species by artificially-produced light, sound, or shock
stimuli.
Host colonies must be kept free from disease and

competitive organisms for the successful mass rearing
of entomophaga. Most of the entomophaga are
relatively free from disease or pest attack in the
insectary. Nevertheless, introduced entomophaga
should routinely be held in quarantine through one
generation for the detection of possible hyper-
parasites.

Measures recommended for avoiding the establish-
ment of pest organisms in insectaries include:
(a) rapid turnover and destruction of used material,
(b) the use of small breeding units to facilitate the
detection of pests and their elimination, (c) destruc-
tion of possible sources of pests in the neighbourhood
of the laboratory, and (d) routine sterilization of all
equipment and material (Flanders, 1949).

Mites are among the more common and serious
pest organisms which occur in insectaries. The straw-
itch mite, Pediculoides ventricosus (a temporary
parasite of man, causing an irritating skin rash) can
rapidly destroy an insect culture. Outbreaks of this
mite are best prevented by a rapid turnover and the
elimination of other host material.
Mulla (1958), upon encountering heavy infesta

tions of Anoetus mites in Hippelates cultures, found
that he was able to control them with various acara-
cides. Eventually, he found that by using small
amounts of tetradifon dust, he was able to prevent
further mite infestations.
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