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The house fly (Musca domestica 1..) and related species, such as Fannia canicularis
(L), Stomozys calcitrans (L.). and Phaenicia sericala (Meigen), are often major pests of man.
These flies are capable of developing in a wide variety of organic matter, but animal manures
are responsible for the vast majority of the populations.

Associated with the immature stages of these flies in the manure are often large
numbers of mites, predominantly of the families Macrochelidae, Parasitidae, Uropodidae
and Acaridae. The nature of the relationships between these mites and manure-breeding
flies has received considerable attention in recent years with most of the effort devoted to
macrochelids. The implied question has been: Can certain manure-inhabiting mites be
utilized in the control of manure-breeding flies, especially the house fly?

NATURE OF THE FLY PROBLEM

The fly problem is becoming greater (particularly in the well-developed countries)
due to: 1. the concentration of livestock and poultry into greater numbers per unit area.
2. the encroachment of housing into rural areas. 3. the demand for a fly-free environment
as the standard of living is raised, 4. the difficulties in disposing of manure as a result of
the reduced use of manure as a fertilizer, 5. the rapid development of insecticide resistance,
and 6. the increasing concern about insecticide residues in animal products.

Since flies develop in animal manure, the fly control problem has often been called
a sanitation problem, not an entomological one (ANDERsON. 1966a. b). Perfection in manure
disposal (cultural control) would theoretically solve the fly problem. However, it is un-
realistic to expect perfection. The amount of animal manure to be handled is 'EIt'Illl:‘-ndOl.l-‘-.'
and rendering it all physically unsuitable for fly breeding at all times is too much to expect
(Hart, 1963, MoorEg ef al., 19G4). Therefore, the entomologists must continue to seek
methods of reducing fly populations.

Chemical control of flies has not been a satisfactory solution. There has been a parade
of different insecticides (DDT, chlordane, malathion. diazinon, and ronnel. as examples)
with each fading out of use as the flies developed resistance. The methods of application
have remained basically the same throughout this era of synthetic organic insecticides:
1. Residual applications to all of the surfaces of the building and surrounding vegetation,
2. manure treatment, 3. insecticide-impregnated cords suspended from the ceilings. and
4. insecticide-bait mixtures scattered in strategic areas.

Insecticides added to the feed have yielded fly control in the feces on a limited
experimental basis (SHERMAN and Komatsu, 1965, Smico and Laxcaster, 1966). This
approach does not offer a great deal of promise due to: 1. Differences in feed consumption
rates by individual animals. 2. increased chances of insecticide residues in the meat. eggs.
and milk, and 3. potential destruction of all arthropods in the manure which would severely
limit the rate of manure decomposition and thereby compound the problem of manure
disposal.
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There are intriguing possibilities of fly control by chemosterilants (LABrECcQUE
and MEeIFErT, 1966), but a tremendous amount of further research is required before a
practical control measure can be expected. The use of chemosterilants is not likely to pro-
vide a permanent solution to the fly problem since resistance to these chemicals is likely
to occur (Hazarp, 1964, Krassexy and Marsumora, 1966).

Biological methods of fly control have received little attention until recently.
Although many pathogens. parasites and predators of the house fly have heen observed.
few have been adequately investigated (Juxkins, 1964, Leexer and McCovy, 1966). The
effectiveness of Baeillus thuriengensis Berliner as a feed-additive has been demonstrated.
but the erratic results have not been encouraging (Bricas, 1960, Grixgricn, 1965, Grix-
aricH and Escnne, 1966) and resistance development is a possibility (Harvey and HowgrLL.
1965). New parasites and occasionally new predators of the house fly are being found as
the result of an intensive program of exploration by LecNER and his associates (LEGNER,
1966, 1967; Lrexer and Brypow, 1966; LeanNer et al., 1965, 1967: WaITE and LEGNER,
1966). Parasites usually attack fly pupae while predators typically attack the eggs and
larvae. Predators include both insects and mites. Among the Acarina, Macrochelidae have
received the most attention and will be discussed in further detail.

MACROCHELIDAE AS PREDATORS

Peruira and peCastro (1945) were the first to clearly establish that Macrocheles
muscaedomesticae (Scopoli) prey on house fly eggs and “thus exert a very definite role on
the control of the flies ©* They also established that the adult female mite is phoretic, not
parasitic, on the adult fly (PErEIRA and DECASTRO, 1947}, FrLiepont (1955) confirmed
these observations and found also that M. muscaedomesticae attacked lst-instar fly larvae
as well as eggs.

Previous workers made vague and sometimes confusing references to mites associ-
ated with flies. Gramam-Syrra (1919) ohserved: “Gamasid mites . .. were very common
on animal remains and faecal matter containing fly larvae . .. They were often seen to
attack and kill freshly hatched larvae. They also feed on the eggs of flies, sucking out their
contents and rejecting the shriveled 111tegument These mites occur in very great numbers.
and must cause the destruction of great numbers of eggs and young larvae.”” It is not clear
whether GramaM-SMmiTH was referring to Macrochelidae or Parasitidae. Zanwt (1930)
suggested that house flies might be controlled by Macrochelidae. but he thought the mites
were parasitic on the adult ﬂ\' (and incorrectly assumed that larval Trombidiwm mites on
the flies were the immature htagcs of the macrochelid). He made no reference to Maero-
chelidae consuming fly eggs and larvae.

There is no doubt that the extensive publications by FrLieront (1964a) on the biol-
ogy and systematics of Macrochelidae have stimulated other research on this family.
The recent systematic treatments of the family have encouraged more collecting in diverse
habitats. (BJ\LO{;H, 1958, BrEGETOVA and l\imm,m A, 1960, Evaxs and BrowNing, 1956,
Kraxtz, 1962). As a result the number of species in the family is increasing rapidly. New
generic concepts will surely follow.

A majority of the species of Macrochelidae have been found in humus and all types
of decaying organic matter. Frequently they are in association with insects or insect
“nests”’. These species of macrochelids are not oceupying ecological niches which will bring
them in contact with the immature stages of synanthropic flies. A more limited number
of species have been found inhabiting animal manure and, viewed supel‘ﬁuallv. are in
habitats suitable for fly breeding. Detailed investigations may show that some species, due
to their microhabitat preferences and hehavioral patterns. are isolated from the immature
stages of synanthropic flies.
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The most serious synanthropic fly, Musca domestica. breeds extensively in animal
manure inside barns and shelters (WesT, 1951, HANSENS, 1963). Manure that is piled out-
doors sustains breeding for a very brief period and then becomes unsuitable due to factors
such as compaction, drying, decomposition and high temperatures in the pile. M. domestica
rarely breeds in animal droppings on pastures. Therefore, further discussion will be restricted
mainly to macrochelids in relation to fly breeding in manure indoors in the presence of
animals. Particular attention will be given to open-sided poultry houses having the birds
in cages suspended above the floor upon which the manure accumulates. Macrocheles
muscaedomesticne is the most common macrochelid in these situations and has been inves-
tigated more than any other species. Therefore, it will be discussed in detail and other
selected species compared to it

Life History

The life history of M. muscaedomesticae is well-known (PereiRA and DECASTRO,
1947, Friureroxt, 1955, Wabpk and Robpricuez, 1961). The offspring from unfertilized eggs
are all males while those from fertilized eggs are females. At 27°C the eggs hatch in 6-
10 hours. producing a six-legged larval stage which molts producing the eight-legged proto-
nymph in 6—11 hours. A second molt. 13— 24 hours later. produces the dentonymph with
a duration of 17— 26 hours. A final molt produces the adult. Thus, 51— 60 hours are required
for development from egg to adult. The conditions. especially temperature, will alter the
length of the life cycle.

Arrhenotokous reproduction is probably typical of most species of macrochelids,
but thelyotoky is known to occur in some species such as M. penicilliger (Berlese) and
M. peniculatus Berlese (Fiuieront, 1964a).

M. muscaedomesticae females have a preoviposition period of about 2 days and an
average life span of 24 days. The males live an average of 15 days. Wapk and RoDRrIGUEZ
(1961) recorded an average daily egg production of 7.7 from virgin females and 5.3 from
fertilized females resulting in a total during their lifetime of 92 and 61 eggs, respectively.
PEREIRA and pECasTRO (1947) reported 1—2 eggs per day, and AxreLL (1962) reported
2—5 eggs per day. Ropricuez and Wapr (1961) found that egg production differed
depending upon the nature of the substrate. They obtained the greatest egg production
on a substrate of steer manure and soybean meal. These workers regarded 4 to 5 progeny
per female per day as the typical reproduction rate in their culturing procedures. They
observed reproductive rates occasionally as high as 25 eggs per female per day on a steer
manure plus soybean meal substrate to which house fly eggs were added. The use of used
fly-rearing medium, with house fly eggs and nematodes (Rhabditella leptura) added, im-
proved the reproduction rate to 23 progeny per female per day. When the fly eggs were
omitted and only R. leptura were fed, the reproductive rate deereased to 12 progeny per
female per day (Robricuez, et al., 1962).

Fireront and DELUPIS (1963) investigated several species of macrochelids and found
that reproductive rates were highest on either fly eggs or nematodes and very low on spring-
tails (Collembola) or enchytraeid worms. This was true for the 6 species investigated:
M. muscaedomesticae, M. peniculatus, M. robustulus (Berlese), M. perglaber (Filipponi and
Pegazzano), M. glaber (Mueller), and M. scutatus (Berlese).

M.-muscaedomesticae is usually oviparous, but occasionally (after fasting and after
being phoretic) some individuals become larviparous. A shortage of food encourages larvi-
parity to a greater extent in some other species, such as M. merdarius (Berlese), M. penicu-
latus, M. perglaber, and M. subbadius (Berlese), according to FiLippont and FRANCAVIGLIA
(1963, 1964). Larviparity may also be increased in some species by overcrowding, unsuit-
able ovipositional substrate, and low oxygen supply.

Food Preference

M. muscaedomesticae adults feed on house fly eggs in preference to the lIst-instar

larvae of the house fly (Fiuippoxt. 1955, O'DoNNELL and AxteLL, 1965, Ropricurz and
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Wabpg, 1961). The adult mites prefer fly eggs to nematodes, but the protonymphs and deuto-
nymphs prefer the nematodes (RODRIGUEZ, et al., 1962). However, M. robustulus, M. per-
glaber and M. glaber show little preference between fly eggs and nematodes (FrLrppoxt and
Deruris, 1963).

M. muscaedomesticae adults will feed on acarid mites (Caloglyphus spp.) (AXTELL,
1962). Probably many other species will also. One species, M. rodriguezi Oliver and Krantz,
has been reared many generations on only acarid mites, but it is not a manure-inhabiting
species (OLIvER and Krantz, 1963). Whether or not some macrochelids prefer acarids to
fly eggs and nematodes has not been determined.

Macrochelids are capable of feeding on a variety of fly eggs, but often demonstrate
a preference for house fly eggs. Kinx (1966) found that M. muscaedomesticae preferred
house fly eggs to stable fly (Stomoxys calcitrans) eggs. Stable fly eggs also did not appear
to supply satisfactory nutrients since mites reared on these eggs were sluggish. The mite
fed readily on eggs of Phormia regina (Meigen), but no preference studies were conducted
by Kixy. AXTELL (1962) reported that M. muscaedomesticae fed readily in the laboratory
on the eggs of M. autumnalis DeGeer. This was confirmed by Sixau ef al. (1966) who also
demonstrated feeding on the eggs of Fannia canicularis. The mite preferred M. domestica
and M. autumnalis eggs over those of F. canicularis, but there was no significant preference
between the eggs of M. domestica and M. autumnalis. Previously. STevEe (1959) had reported
that M. muscaedomesticae nymphs and adults fed on the eggs and lIst-instar larvae of F.
canicudaris. The food preferences reported by Haq (1960) are questionable since he found
that M. plumiventris Hull (= Glyptholaspis confusa Foi) did not feed on house fly eggs
which is contrary to the experience of several other workers (Frurepont, 1955, AXTELL,
1961a).

Predation Rates

The rate of predation by macrochelids on fly eggs and larvae is difficult to measure.
Rates will vary according to the technique of evaluation, especially the kind of substrate
provided. Evaluations have often been conducted over such short periods of time that the
results have little meaning.

Laboratory-determined Rates — In closed vials with no food other than fly eggs, the
predation rates by 4 species were determined over a 3-day period with fresh eggs sub-
stituted for old ones each 12 hours (AxTELL, 1961a). The mean number of eggs and lst-instar
larvae of the house fly destroyed per adult female mite per day were: . confusa (Foa), 9.9:
M. robustulus, 4.6; M. muscaedomesticae, 2.7 1 M. subbadius, 1.2. When the same tec hmqm
was followed for 7 days, each adult female of M. muscaedomesticae destroyed about 3.5 eggs
and lst-instar larvae per day (O’DoNNELL and AXTELL, 1965). Ropricuezand Wape (1961)
obtained higher predation rates for M. muscaedomesticae on filter paper (19.8 eggs/mite/day),
but conducted the test for only 24 hours and used previously starved mites. They also
found in 60-hour exposures, that predation was about the same on aged fly-rearing medium
(17.3 eggs/mite), but was less on steer manure (8.5 eggs/mite). They concluded that the
ttpica} predation rate in the presence of fresh steer manure under semi-field conditions
was 5 or 6 eggs per mite. This presumably refers to a single exposure starting with a known
number of eggs and mites and determining the number of surviving fly larvae a few days
later. Since predation takes place only on eggs and Ist-instar larvae w hich develop mpldl\
at high temperatures, 5 or b eggs per mite could be considered as approximately the maxi-
mum rates of predation per day. Kixx (1966) found that M. museaedomesticae could destroy
about 3—4 S. calcitrans eggs. 610 P. regina eggs, or up to 7 house fly eggs, in 1 day.

The effect of substrate on predation rates was also demonstrated by AXTELL (1962).
M. muscaedomesticae and @. confusa, although differing considerably in their predation
rates on a filter paper substrate in closed vials, were more alike in their predation rates in
the presence of fly-rearing medium. To produce 50°%; mortality in 300 house fly eggs.
10.5 M. muscaedomesticae and 8.8 . confusa were required. The slope of the regression line
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for predation by (. confusa was greater than for M. muscaedomesticae (2.01 versus 1.26).
M. muscaedomesticae was a more effective predator on a mixture of cow feces and vermi-
culite than on fly-rearing medium.

Predation rates have been altered experimentally by chemicals. WALLWORK and
RopricuEez (1963) found certain ammonia compounds at critical concentrations increased
the number of house fly eggs destroyed by M. muscaedomesticae. In a 3-day experimental
period on steer manure, 17 fly eggs were destroyed per mite; with ammonia additives
25 eggs were destroyed per mite. These values could be considered as approximately the
maximum numbers of eggs destroyed per mite per day at 27°C. Wartwork and Ropri-
GUEZ noted that predation was less at 30 to 32°C and greater at 21 to 24°C. This was
probably due to different lengths of the incubation period of the fly eggs at the different
temperatures.

Field-determined Rates — Predation in the laboratory does not prove that predation
occurs in the field. There are ample data, however, to demonstrate that macrochelids are
predacious on fly eggs and larvae under natural conditions. As in laboratory studies, there
is a preblem of obtaining realistic measurements and selecting units of measurements.

AxrrLL (1961b. 1962, 1963a, b) demonstrated reduced fly production from cow and
chicken manure in the presence of naturally occuring mite populations and introduced
populations of M. muscaedomesticae and (. confusa. Caged areas of intact calf-pen manure
with the mite population undisturbed produced 61 to 679, fewer house flies (after adding
20,000 fly eggs to each area) than did areas with the mites destroyed by a chemical. When
50,000 fly eggs were added to outdoor piles of dairy cattle manure, there were 31 to 459/
fewer house flies from the piles with the mite population undisturbed than from the piles
with the mites destroyed by a chemical. Indoor caged piles of fresh dairy cattle manure
(to which 20,000 house fly eggs were added) produced 94°, fewer flies when 200 M. mascae-
domesticae and 200 (. confusa were added than did piles to which no mites were added.
Similar reductions in fly production in the presence of the mites resulted when 20,000 and
60,000 eggs and fresh manure were added to the same piles 3 weeks later.

When a natural population of M. muscaedomesticae in chicken feces under caged
hens was allowed to accumulate for 3 weeks, significant reductions fly and in house F. cani-
cularis productions were shown. After only 2 weeks of manure accumulation, significant
reductions in fly production did not result. Fifty (. confusa on isolation pans under caged
hens caused 517 reduction in house fly production when 4.000 fly eggs were added. Experi-
ments to show the amount of house fly reduction by known numbers of M. muscaedomes-
ticae yielded variable results due apparently to large numbers of predacious and compet-
ing fly larvae in the droppings. Muscina stabulans (Fallen), Ophyra leucostoma Wiedemann,
and Phaenicia sericata were often abundant and seemed to reduce house fly production.

Based on a series of field and semi-field experiments using introduced populations
of M. muscaedomesticae, SINGT ef al. (1966) demonstrated 85° control of M. domestica egos
in cow manure and 929 control of F. canicularis in poultry manure. These were equivalent
to 2.3 M. domestica eggs and 1.4 F. canicularis eggs destroyed per mite.

Behavior

Predation — M. muscaedomesticae is able to locate fly eggs that are buried in the
substrate (Fiiepont, 1955, Ropricugz and Wape, 1961). Searching is aided by olfactory
receptors on the first pair of legs and feeding by contact chemoreceptors on the palps
(Far1sm, 1965, Farisa and AXTELL, 1966). These first pair of legs have no claws or caruncles
as do the walking legs and are waved about much in the fashion of insect antennae. The
palps are put in contact with the substrate upon which the mite is walking or feeding.
With tarsi I removed, the mites are unable to locate fly eggs, pupae, or adults. With the
palps removed, they hesitate to move and will not feed when placed on fly eggs.

Apparently the increased predation in the presence of ammonia compounds that
was reported by WarLwork and Ropricurz (1963) resulted from the mites being stimul-
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ated and puncturing eggs more often than they normally do. Undisturbed M. muscae-
domesticae spent about 3 minutes feeding on a single egg. while M. robustulus spentabout
15 minutes (AXTELL, 1962). The feeding durations for other species have not been reported.

Phoresy — Macrochelidae are commonly phoretic on Diptera and Coleoptera. Only
the adult female stage of the mites attach and frequently these are not fertilized (PErEIRA
and peCastro, 1947). Both M. muscaedomesticae and M. peniculatus tend to lay larvae
after a period of attachment to the fly (Fiureront and Fraxcaviaria, 1963, 1964).

M. museaedomesticae is dISpLI'E-st most often by the house fly. FiLreroxt (1960},
working in Italy. collected large numbers of Musca domestica, Stomoxys calcitrans, Fannia
canicularis, and Haematobia irritans (L.). The first 3 species of flies were hosts for macro-
chelid mites (724 Macrocheles muscaedomesticae, 682 M. subbadins, 76 M. glaber, and 1 M
subglaber Filipponi). According to Filipponi, M. domestica was the most important carrier.
while S. calcitrans was of limited importance and F. canicularis was of no importance.
The number of mites per 1000 flies for the 3 species was 11.5, 57.1, and 4.1, respectively.
However, the greater abundance of the house fly made it the principal carrier of macro-
chelids.

Similar results were obtained in the United States by AxruLL (1964). Large numbers
of M. muscaedomesticae and M. subbadins were found attached to house flies which were
trapped from mite-infested dairy cattle manure and collected by net around dairy barns.
Although M. merdarius, M. robustulus, and Glyptholaspis confusa were present in the
manure, only 1 specimen of each of the first 2 species and none of the third were found
attached to a house fly. In a comparison of the behavior of macrochelids from laboratory
colonies, M. muscaedomesticae and M. subbadius were phoretic on the house fly and the
other 3 species were not.

SycHEVSKAYA (1964) also concluded that flies have no part in dispersing M. merda-
rius. M. merdarius has been found. however, on Hylemya brassicae (Bouché) in a laboratory
colony (Cuant, 1960) and from field-collected rodents (Varre, 1958). Most often it has
heen found on Coleoptera (Brecrrova and KorovLuva, 1960, Stewart and Davrs, 1967).
Coleoptera are often hosts for many species of macrochelids which are not usually found
on Diptera (Evaxs and Hyarr, 1963).

M. muscaedomesticae has been reported from MWusca domestica vicina Macquart,
Ophyra antraz Meigen, and Eristalis tenax (1..), as well as from a variety of beetles and
rodents (BREGETOVA and KoroLeva, 1960). StEVE (1959) found it phoretic on F. canicularis.

Perrova (1964), from flies collected in Russia, found M. muscaedomesticae on 16 dif-
ferent species of synanthropic flies, but mainly on the house fly and 0. leucostoma. M. glaber
was next in abundance and found on 10 different species of flies. M. insignitus (Berlese)
was found on the house fly. Sycupvsgava (1964) also found M. muscaedomesticae, M.
glaber, and M. subbadius on flies. In addition, he reported M. plumiventnis Hull, which
presumably was Glyptholaspis econfusa Foi (FiLippont and Prcazzaxo, 1960). If this was
(. confuse. this is an unusual report of this species being phoretic on Diptera. AXTELL (1964)
was unable to find attachment by this species in field collections or in laboratory experi-
ments.

The palps and tarsi I are important senscry receptors in the act of phoresy just as
in predation (Farrtsa and AxreLL, 1966). The first tarsi are involved in odor reception in
locating the fly and contact by the palps with the fly is necessary for attachment.

The phoretic behavior of M. muscaedomesticae is correlated with the ovipositional
behavior of the house fly. The house fly visits all types of manure. but prefers to oviposit
in fresh feces (LARSEX ef al., 1966). M. muscaedomesticae is attracted to fresh animal feces
and the attractiveness decreases as the feces ages. There is a competition between the
attractiveness of the manure substrate and the attractiveness of the visiting or emerging
house fly. Phoretic attachment takes place when the manure attractiveness is less than
that of the flies and detachment occurs when the manure attractiveness exceeds that of
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the fly. Attempts to duplicate the manure attractiveness with various ammonia vapors
have not been successful (Farisu, 1965).

The attractiveness of the house fly to the mite has not been explained. Perhaps
there is a chemical attractant produced by the fly. Rarp (1959) working with Parasitus
coleoptratorum, and HuNTER and Davis (1965) working with Euzercon latus, concluded that
these phoretic non-macrochelids react to an attractant present on the external surface of
their beetle hosts. GREENBERG and CArRPENTER (1960) found an acetone-soluble substance
on pupae and adults of M. stabulans that was responsible for Myranoetus muscarum
heing attracted.

Whatever the precise mechanism of attractiveness, the competitive attractiveness
of manure and flies assures that the mites are dispersed from areas unsuitable for fly ovi-
position (old manure) to those which are more suitable (fresh manure). It is interesting
to note that macrohelids may be hosts for phoretic nematodes (Poinar, 1965) and commonly
carry the hypopi of acarid mites. Thus the macrochelids are capable of carrying a food
source with them to a new area.

Relation to other Manure Acarina

Although a substantial number of species of Macrochelidae may be found in animal
manure, the most common are M. muscaedomesticae, M. subbadius, M. merdarius, and
(i, confusa. In the United States at least, M. robustulus, M. glaber, and M. matrius Hull
are less common (AXTELL., 1963c). These and other species, such as M. insignitus and
M. peniculatus, have been found frequently in Europe (Firiepront, 1964a). However, our
knowledge of the Acarina of manure is very limited. The only comprehensive work is by
LEITNER (19644, b) on mites in compost and manure piles. Hyarr (1956) reported on the
mites in bullock manure in England.

There is a succession of Acarina in aging manure (AxteLL, 1962, 1963¢). Parasitidae
appear slightly earlier than Macrochelidae. As the numbers of macrochelids increases the
numbers of parasitids declines. As the manure ages further, Uropodidae appear and increase
in numbers slowly, while the numbers of Macrochelidae declines rapidly. In well-aged
manure, which probably would be better called compost, Oribatidae oceur in large numbers.
Acaridae are usually abundant in manure of various ages, especially when animal feed has
been mixed with the manure.

The increase in uropodids as macrochelids decline in numbers is of interest since
L uropodid, Fuscuropoda vegetans (DeGeer), is known to be predacious on lst-instar house
fly larvae (O’DoNNELL and AXTELL, 1965). This and other species of uropodids may be
very numerous on occasions in the feces under caged laying hens. However, their spotty
distribution, slow movements, and slow rate of population increase make them rather poor
predators of the house fly in comparison to M. muscaedomesticae (WiLLis and AXTELL.
unpublished).

There may be considerable competition among the various species of macrochelids
as well as between the macrochelids and other families. There is also potential intraspecific
competition. Macrochelids are generally cannibalistic. Parasitidae have been observed to
feed on larvae and protonymphs of macrochelids. Uropodids will overwhelm a culture of
M. muscaedomesticae if the substrate is not renewed occasionally (AXTELL, unpublished).
Inter- and intra-specific competition among manure-inhabiting Acarina should be in-
vestigated.

Most likely the manner in which manure is handled affects the size of the mite
population during the year. Usually fewer mites are found in manure during the cool
months than during the warm summer months (June to September) in the United States
(AxTELL, 1963). However, RobpricuEz et al. (1962) found when manure was added con-
tinuously to outdoor piles, that the highest population of M. muscaedomesiicae occurred
in the early winter months one year and in spring in another year. The high temperatures
in piled manure obviously create a habitat with little relationship to the prevailing weather.
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Relation to House Fly Control Practices

Most insecticides which have been used or are used for fly control are as toxic to
M. musecaedomesticae as they are to house fly larvae (AxTeLL, 1966). In laboratory tests
with the insecticides added to fly rearing medium, some selectivities among insecticides
were noted, but these probably have little consequence under natural conditions.

Application of 12 insecticides to the feces under caged laying hens generally gave
poor control of house fly larvae (AXTELL, unpublished). Some chemicals gave control for
5 days and on a few occasions for 14 days. The natural population cf M. m uscaedomesticae
was destroyed by most of the chemicals. The few chemicals which did not destroy the mite
population gave very little control of the fly larvae. The number of mites increased very
slowly after the population destruction by insecticide treatment, while the number of fly
larvae increased rapidly.

These laboratory and field data indicate that insecticide treatment of the manure is
not advisable. The effect of insecticide drift from residual applications to the structure for
adult control has not been evaluated, hut it is reasonable to expect that careful application
would have little effect on the manure-inhabiting mites. Likewise, although there are no
data available, it is unlikely that insecticide-impregnated cords and insecticide-baits would
he harmful to the macrochelids. Addition of insecticides to the feed may be very detri-
mental, but this has not been investigated.

Sanitation is part of a fly control program, but frequent manure removal decimates
the mite population. Re-population by mites is much slower than by fly larvae (AXrTELL,
unpublished). More data are needed on this problem. Perhaps a suitable manure-removal
schedule can be deviged that would result in the maintenance of an adequate predaceous
mite population. This has been suggested. but not demonstrated (Axrtern. 1962, Lecyer
and Brypow, 1966).

BIOLOGICAL CONTROL BY MACROCHELIDAE

The Macrochelidae have not been adequately evaluated by modern biological control
criteria. In spite of a rather extensive literature on the biology of various species there is
a lack of well-conceived and long-term experiments on mite-fly population dynamics.
We do not know to what extent the classical predator-prey population interactions apply
in this case. However, there is no doubt that macrochelids prey on fly eggs and Ist-instar
larvae under natural conditions and are partially responsible for fly populations not
achieving their potential levels.

Based on our knowledge to date, and largely from research on M. muscaedomesticae,
we can make some reasonable generalizations about the assets and liabilities of macro-
chelids as biological control agents for the house fly and closely related manure-breeding
synanthropic flies. The assets of macrochelids are:

1. They occur in animal manures and especially inside barns and shelters where
the prime sites for fly oviposition exist.

2. They live mainly on or near the surface of the manure which places them in easy
contact with fly eggs and newly hatched larvae.

3. They are adapted by their phoretic behavior to the ovipositional behavior of the
house fly. The mites will attach to a fly at a pcor ovipositional site (old manure) and detach
when the fly visits a suitable (fresh manure) ovipositional site. Thus they are dispersed to
new fly breeding sites.

4. They reproduce by parthenogenesis (usually arrhenotoky, in some cases thelyo-
toky) which enables a single female to establish a new population. This reproduction
pattern is well adapted to scattered discontinuous populations in precaricus habitats
{Tomrinsox, 1966).
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5. They have a short life cycle enabling them to have perhaps 3 generations in the
time required for 1 house fly generation.

6. They actively search for fly eggs and larvae and can detect the prey by olfactory
means.

7.They have a definite preference for feeding on house fly eggs.

8.T hcv will feed on other fly eggs, nematodes, and soft- hodied mites so that the v
can ea-blly survive in the absence of house fly breeding.

9. They are predaceous in the nymphal as well as the adult stages. When giver
a choice, however, the protonymphs and deutonymphs prefer nematodes.

10. They are heavily sclerotized in the adult stage and, therefore, are able to with-
stand temporar dryness and are protet‘ted from other predaceous mites.

L1. They are relatively mobile in both the adult and deutonymph stages which
facilitates their search for prey and optimal habitat.

The liabilities of the macrochelids are:

1. They require a moist environment. but cannot exist in the excessively fluid por-
tions of manure where house fly breeding is often common. They may be physically barred
from access to the fly eggs in such situations.

2. They cannot prey on 2nd- and 3rd-instar fly larvae.

3. They apparently have a modest rate of prey consumption. The exact amounts
are controversial, but all data indicate predation below 10 prey per mite per day.

4. They apparently have a modest rate of reproduction. This iz controversial and
may not be a liability under the proper conditions. Fecundity depends on the substrate
and diet. Rates of reproduction as high as 25 progeny per mite per day have been obtained.

5. They apparently have a modest life span. This is controversial due to experi-
mental difficulties, but 3 weeks seems to be typical for females. In nature the life span is
probably at least as long and probably longer than that of the adult house fly.

6. The larval and protonymphal stages are lightly sclerotized and vulnerable to
adverse environmental conditions, cannibalism, and predators.

Special note should be made of the detailed investigation of the biology and repro-
duction rates of 1. ;rmcnhmw by FiLreroNt and DELLPI‘S (1964). They mleulate from
data at 27°C that this species is capahlt‘. of outnumbering its prey. Musca domestica. Their
calculations may be based on values that under natural conditions are liberal for M. peii-
culatus and conservative for M. domestica. Nevertheless, their report should encourage
population studies of different species and strains of macrochelids. The most easily found
macrochelid is not necessarily the best one to use as a biological control agent (Dourt
and DEBacu, 1964).

Biological control by macrochelids would be enhanced by an inexpensive means of
rearing and releasing large numbers. Observations in the field consistently reveal that the
population of macrochelids in manure inside animal shelters iz slower to increase in the
spring and early suminer than is the house fly population. Augmentation of the mite
}JU}Juld.t]OIl m:;JIt bring them into balance with the fly population earlyin the fly breed-
ing season. FiLippoxt (1964b) considered that mass rearing was unmntiv feasible with a
diet of house fly eggs and nematodes. This would not be simple or inexpensive and
does not seem to be practical. Mass rearing by means of an artificial diet needs to he
developed.

The concept of biological control of flies by macrochelids would be enhanced by
avoiding the unspoken tt‘ndonu to seek a single species for fly control. We should continue
to look for more efficient species and even strains, but a multl-speele approach should be
considered (Dourt and DeBacnh, 1964). Eventually a biological control program for the
housefly is likely to incorporate more than 1 insect parasite and perhaps more than 1 mite
predator. A sequence of predation and parasitism might be the best biological control
program in the case of the house fly.
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MACROCHELIDAE IN INTEGRATED CONTROL

The greatest potential value of predaceous, manure-inhabiting macrochelid mites in
the control of Musca domestica and related synanthropic flies, lies in the incorporation of
these mites into an integrated control program.

General Considerations

The concept of integrated control of insect pests is not new or revolutionary, bhut
has received more serious attention in recent years (Cmaxr, 1966). Reduced to its simplist
terms. this concept refers to the utilization of all available means to restrict the numbers
of an insect pest below the economic threshold. Rather than seeking a specific control
measure we endeavour to use a combination of methods — including biological control
agents, insecticides, and cultural practices. We attempt to combine into a whole the d sir-
able and compatible elements of several different control approaches. It is an ecological
approach to the control of insect populations. This eclectic approach to insect control is
so reasonable and rational that in retrospect it is embarrassing for entomologists to acknow-
ledge that they have too often ignored it and devoted their thinking to a single approach —
chemical control — during the past 20-year era of the supremacy of synthetic organic
insecticides.

Application of the concept of integrated control is making significant contributions
to agricultural entomology, but has been slower to gain aceeptance in the field of medical
and veterinary entomology. Inherent in the integrated control concept is the idea of
accepting the presence of a very low level of insect pests below the numbers required to
cause economic losses. There has been a general tendency to exclaim that this tolerance
of small populations cannot be accepted in regards to insects affecting man and animals.
We must have essentially 100%], control! One fly is too many!

This stringent requirement is unfair and unreasonable. We have never been able
to achieve 1007, control of flies for very long with chemicals or by cultural methods, so we
should face reality and strive for a continuous high level of control. but not necessarily
complete control.

The impetus for developing an integrated control program for more insect pests
stems to a large measure from 1. insecticide resistance development, and 2. the pollution
of the environment with pesticides. These problems have stimulated major evaluations of
the problems and consequences of pest control in the United States which have relevance
to many other areas of the world (President’s Science Advisory Committee 1965).

House Fly Control

Integrated control of the house fly in caged poultry operations is being advocated
in the United States in the state of California as the result of the work of Anderson and
his associates (AxpERsoN and Poorsaven. 1964a, b). The search for parasites and pred-
ators of the house fly by LreanEr and his associates (LEGNER ef al., 1965, 1967) promises
to contribute to this endeavor. Knowledge of the biology and population dynamies of
manure-breeding flies and their natural enemies is much more limited than it should be
for the development of the best integrated control program. Therefore, we should not be
discouraged if present attempts at integrated control of the house fly fall short of ex-
pectations. Refinements will be made. A eritical problem to recognize is the need to adjust
procedures to fit different climatic areas based on a thorough knowledge of the natural
enemies and fly behavior in that region.

Recommendations — Integrated control of the house fly should be hased on the
following generalizations:

L. Insecticide treatment of the manure with non-selective chemicals should be
avoided. This is recommended because insecticide application to the manure frequently
destroys the predaceous mite population and probably many of the parasites which visit
the surface of the manure. Manure treatment is undesirable also because the selection
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