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ABSTRACT

The populations of 3rd-instar larvae of house fly, Musca
clornestica L., and adults of Macrocheles rnuscaeclornesti-
cae (Scopoli) (Acarina: Macrochelidae), which are pre-
daceous on the eggs and Ist-instar larvae of the house fly,
were determined at intervals before and after the appli-
cation of 12 insecticides to the manure under caged lay-
ing hens. Selective toxicities which could be used to ad-
vantage in larviciding for fly control were not found. The
few chemicals which did not destroy the mite population
gave very little control of fly larvae, while those which
gave some control of fly larvae (for periods up to 2

weeks) were deleterious to the mite population. The
mite population increased very slowly following decima-
tion by insecticide treatment, while the numbers of fly
larvae increased rapidly.

It was concluded that larviciding of the manure with
nonselective insecticides is detrimental to mite predators
of the immature stages of the house fly and should not
be practiced. Selective application methods for adult fly
control are preferable and efforts to refine these methods
should be intensified.

House flies, j\IIusca domestica L., commonly develop
in large numbers in poultry manure under caged
hens and their control is a perennial problem. The
inadequacy of present control measures (Anderson
1966) has prompted more intensive investigations of
fly behavior (Anderson 1964, 1965; Anderson and
Poorbaugh 1964; Keiding 1965) and of the biological
control agents which may be integrated into a house
fly control program (Axtell 1963, 1964; Farish and
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Axtell 1966; Kinn 1966; Legner 1966; Legner and
Brydon 1966; Legner and McCoy 1966; McCoy 1965;
O'Donnell and Axtell 1965; Singh et al. 1966) .

Among these agents are various species of manure-
inhabiting, predaceous mites of the family Macro-
chelidae which feed on the eggs and Ist-instar larvae
of the house fly. The commonest species, lVIacTOcheles
muscaedomesticae (Scopoli), has been shown in lab-
oratory tests to be susceptible to most insecticides
which are or have been used for house fly control
(Axtell 1966). Unfortunately, although larviciding
of the manure for fly control may not be commonly
recommended, it is frequently practiced by the pro-
ducer, and directions are included on the labels of
many insecticides sold for fly control. In addition,
chemicals are being evaluated as house fly larvicides
in poultry manure without evaluating their effects on
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Table I.-Populations of mites ( M. muscaedomesticae) and house fly larvae in poultry manure 60 em deep following
application of larvicides.

Mean no. fly larvae/sampleb

Da.ys after treatment

Pretrt. 5 13

21.7 a
22.0 a
17.5 a
16.3 a
35.1 a
7.8 a.

16.0 a
11.6 a
32.3 a
19.8a
11.8 a
24.8 a

83.5 b
14.8 ab
55.8 b
51.9 b
34.2b
2.9a
9.1 a
9.0 a
2.8 a
8.1 a

24.2 b
10.5 a

0.5 a
4.5 ab
3.5 a
1.4 a

24.5 b
45.4 be

2.8a
109.6 e
70.6 e

322.0 e
19.6 b
12.2 b

.Applied by sprinkling can at the rate of 0.5 liter/m2. Pretreatment counts June 23. Treated June 24. Manure accumulated since
October.

b Each mean was based on 4 replicates. Data were transformed to In (X+I) prior to analysis of variance. Means followed by the
same letter in each column were not significantly different at the 5% level (Duncan's multiple range test).

the biological control agents (Brady and LaBrecque
1966). Therefore, applications were made to the
manure under caged hens, and the resultant effects on
the populations of M. muscaedomesticae and house
fly larvae were determined.

MATERIALS AND METHODS.-All experiments were
conducted during June-August 1966 in 4 adjacent
poultry houses (3 m wide X 100 m long) near Apex,
N. C. Each house had open sides and I row of wire
cages on each side of a center concrete aisle. The
cages, containing 3 birds each, were suspended I m
above the compacted dirt floor. The manure-con-
taining area between alternate posts was a replicate
(5 m"). A randomized complete block design was

used in all experiments. Each treatment was repli-
cated 4 times in Experiments I, 2, 3, and 4; and 6
times in Experiment 5.

The numbers of adult mites and 3rd-instar house
fly larvae were determined by spreading a 0.5-liter
scoop of the manure thinly in a large white enamel
pan in the sunlight and counting all observable indi-
viduals. The total from 3 scoops comprised the sam-
ple from each replicate. These subsamples were
taken by 3 different persons from the center of the
replicate where conditions appeared most favorable
for both mites and fly larvae. Samples were taken no
longer than I day prior to insecticide application and
at several intervals of 5-30 days after treatment.
Microscopic examination of aliquots of the mites and
fly larvae at intervals throughout the period of the
experiments confirmed the identities of the species.
Lesser numbers of predaceous mites of the families
Uropodidae and Parasitidae were present, but were
not counted.

Water dilutions of the chemicals (wettable powder
of Kepone@ and emulsifiable concentrates of others)
were applied to the manure by sprinkler cans at vari-
ous volumes according to the depth and dryness of
the manure. This method of application minimized
any problems of insecticide drift to adjacent areas.
Dry formulations of chemicals were applied by hand.
The formulations used and sources of chemicals are

presented at the end of this report.
Experiment 1.-Ten chemicals were applied at the

rate of 1.5 liter/m2 to the manure in house I on June
23 at concentrations that could reasonably be ex-
pected to control fly larvae (0.5-3% depending on
the chemical). The manure had accumulated over-
winter and was 60 em deep. Fly larvae and M. mus-
caedomesticae were abundant.

Experiment 2.-Upon completion of Experiment I,
the manure was removed from house I on July 14
and fresh manure was allowed to accumulate for 3
weeks. Fly larvae and mites became abundant during
this insecticide-free period. Each chemical was ap-
plied at the same concentration and to the same areas
of the house as were used in Experiment 1. However,
the volume was reduced to 0.5 liter/m", since the
depth of the manure was only 5 em.

Experiment 3.-1 % and 0.5% SD 8447 was applied
to the manure on I side of house 3 at the rate of 0.5
liter/mo. Treatment was made on August 19, when
the manure had accumulated since July 26 and was
7 cm deep.

Experiment 4.-Kepone wettable powder and gran-
ular formulations of diazinon and Zytron@ ("Fly
Granules") were broadcast on a I-month accumula-
tion of very moist manure (15 cm deep) in house 4.
The experiment was discontinued when the manure
became extremely wet (because of leaking water sys-
tems and the nervous nature of the particular strain
of hens) .

Experiment 5.-Zytron granules were further evalu-
ated at 2 application rates in house 2. Treatment was
made August 5 when the manure had accumulated
since July II and was 5 em deep. Concurrently,
Zytron granules were applied at the rate of 50 g/m2
to I entire side of adjacent house 3, to simulate their
normal use.

RESULTs.-Experiments 1 and 2.-As shown in
Tables I and 2, the mite population was decimated
by dimethoate, fenthion, diazinon, Bay 39007, and
ronnel. The mite population recovered more follow-
ing dimethoate and Bayer 39007 applications than
after treatment by the other insecticides. Malathion
initially depressed the mite population, but the popu-
lation recovered rapidly. Kepone depressed the mite
population initially and the population recovered in

Mean no. mites/sampleb

Days after treatment
Conen'

Chemical (%) Pretrt. 5 13

Dimethoate 1.0 49.6e 0.8 a 11.2 b
Fenthion 1.0 37.0d 1.9 a O.Oa
Diazinon 0.5 35.4d 2.3 a 1.2 a
Bay 39007 1.0 29.7 be 3.4 a 10.5 b
Ronnel 1.0 53.8 f 4.7 a .6a
Malathion 1.0 27.3a 9.5 ab 24.0 b
Kepone 3.0 28.0 ab 16.6 b 24.6 be
Dichlorvos .5 31.1 c 18.2 b 32.7 e
Ciodrin 1.0 37.1 d 38.3 be 25.6e
Naled 1.0 34.8d 88.7 e 48.5 e
Untreated (water) 47.3 e 79.ge 84.3 e
Untreated 27.1 a 87.5 e 44.2 e



a Applied by sprinkling can at the rate of 0.5 liter/m2. Pretreatment counts August 4. Treated August 5. Mauure removed July 14.
b Each mean was based on 4 replicates. Data were transformed to In (X+l) prior to analysis of variance. Means followed by the

same letter in each column were not significantly different at the 5% level (Duncan's multiple range test).

Experiment 1, but remained low in Experiment 2.
Dichlorvos, Ciodrin@, and naled had little effect on
the mite population.

Control of fly larvae was generally poor. This was
most clearly evident in Experiment 2. In that experi-
ment the 5-an accumulation of manure provided an
excellent fly breeding medium, more so than the 60-
cm accumulation in Experiment 1. At the time of the
14-day counts, there were no significant differences in
numbers of fly larvae among the treatments. Sub-
sequent counts became increasingly erratic as the
physical condition of the manure changed. Tem-
porary larval control was demonstrated by the 5-day
counts. Dimethoate and Bay 39007 gave good con-
trol, while fenthion, ronnel, Kepone, and diazinon
gave some control. Malathion, dichlorovos, Ciodrin,
and naled gave no control.

Experiment 3.-As shown in Table 3, both concen-
trations of SD 8447 caused a significant reduction in
the numbers of mites and prevented the increase in
number of fly larvae that occurred in the untreated
areas 7 days after treatment. Since the number of
mites and fly larvae declined in both the treated and
untreated areas after 14 days, the experiment was

Table 3.-Populations of mites (M. muscaedomesticae)
and house fly larvae in poultry manure following appli-
cation of SD 8447.

Mean no. mites/
sampleb

Days after
treatment

Mean no. fly larvae/
sampleb

Days after
treatment

~

a Applied by sprinkling can at the rate of 0.5 liter/m'. Pretreat-
ment counts and treatment made on August 19. Manure accumu-
lated since July 26.

b Each mean was based on 4 replications. Data were transformed
to In (X+I) prior to analysis of variance. Means followed by the
same letter in each column were not significantly different at the
5 % level (Duncan's multiple range test.)

---

ended. This was about September 1, when a cool
period occurred and erratic fly populations were to
be expected.

Experiment 4.-The dry formulations of Kepone,
diazinon, and Zytron were toxic to the mites, and
only Kepone provided temporary fly control. How-
ever, at the time of the 14-day counts there were no
significant differences in the fly populations among
the treatments (Table 4). The very wet manure
favored fly development, was unfavorable to the
mites, and probably decreased the effectiveness of the
insecticides.

Experiment 5.-Zytron granules, broadcast on the
manure at 50 and 100 g/m', were toxic to the mites
for 30 days and gave a low level of fly control (Table
5). Concurrent counts of fly larvae (mean no. larvae/
0.5 liter of manure) from the treated (50 g Zytron
granules/m') half of the adjacent house were 142 on
the day of treatment. At 7, 14, and 21 days after
treatment, the counts were 33, 37, and 96, respectively.

DISCUSSIONAND CONCLUSIONS.-Three general con-
clusions are consistent with these data: (1) Destruc-
tion of the predaceous macrochelid mite population
resulted from the application of most insecticides.
The few chemicals which do not destroy the mite
population were of little value for control of fly lar-
vae. (2) The mite population increased very slowly
following decimation by insecticide treatment, but
the numbers of fly larvae increased very rapidly. (3)
Insecticides applied to poultry manure resulted in
poor control of house fly larvae. Some chemicals gave
control for 5 days and on a few occasions for 14 days.
Apparently those larvae exposed at the time of treat-
ment or shortly thereafter were killed, but there was
little or no residual activity. This may have been due
to 1 or more of the following factors: breakdown of
the toxicant, inadequate penetration, and continual
addition of fresh, untreated droppings.

There was little agreement between the selectivity
of these chemicals in laboratory tests (Axtell 1966)
and their action on the mites and fly larvae in. the
poultry manure. Kepone, the most selective chemical
among those tested in the laboratory, showed little
selectivity in the field and gave only fair control of
fly larvae. Dimethoate showed considerable selectivity

----
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Table 2.-Populations of mites (M. muscaedomesticae) and house fly larvae in poultry manure 5 cm deep following
application of larvicides.

Mean no. mites/sampleb Mean no. fly larvae/sampleb

Days after treatment Days after treatment
Conena

Chemical (%) Pretrt. 5 14 21 30 Pretrt. 5 14 21 30

Dimethoate 1.0 111.0 a 0.0 a 70.3 e 59.8 c 17.3 ab 31.9 ab 0.7 a 114.0 a 91.2 ab 24.1 ab
Fenthion 1.0 53.7 a 5.2 ab 5.2 ab 0.0 a 0.5 a 97.1 b 6.2 ab 36.2 a 81.5 ab 164.0 c
Diazinon 0.5 92.2 a 1.1 ab 2.0 ab .2 a 19.0 ab 57.2 ab 10.4 b 29.4 a 202.0 b 104.0 be

Bay 39007 1.0 112.0 a 1.5 ab 30.5 be 60.8 c 30.5 b 57.5 ab 2.7 a 57.0 a 196.0 b 103.0 be
Ronnel 1.0 46.8 a 1.2 ab 0.6a 1.5 ab 2.6 a 29.0 ab 8.1 ab 36.5 a 77.0 ab 108.0 c
Malathion 1.0 89.8 a 17.3 cd 58.4 c 115.0 c 38.9 b 16.4 a 37.8 be 24.7 a 196.0 b 36.5 be

Kepone 3.0 99.0 a 6.0 e 8.1 b 12.2 be 2.5 a 53.4 ab 5.0ab 54.7 a 16.2 a 128.0 e
Diehlorvos .5 62.7 a 36.4 de 115.0 c 30.3 e 2.5 a 45.2 ab 159.0 e 81.0 a 28.6 ab 13.2 a
Ciodrin 1.0 143.0 a 60.3 e 109.0 e 32.4 e 66.8b 137.0 b 115.0 e 90.4 a 114.0 ab 131.0 e
Naled 1.0 113.0 a 57.7 e 74.4e 52.4 e 10.3 ab 55.6 ab 231.0 e 68.5 a 156.0 b 142.0 e
Untreated 91.3a 38.4 e 87.0 e 12.1 be 5.5 ab 26.2 a 27.1 b 68.7 a 36.4 ab 175.0 e

Concna
(%) Pretrt. 7 14 Pretrt. 7 14

1.0 67.7 a 7.2 a 5.0 a 20.0 a 41.7 a 39.7 a
0.5 68.6 a 4.2 a 8.7 a 18.4 a 39.8 a 23.7 a

Untreated 81.3a 90.1 b 16.2 a 18.2 a 227.0 b 15.4 a
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Table 4.-Populations of mites (111.muscaedomesticae) and house fly larvae in poultry manure following broadcast
of dry formulations of larvicides.

a Pretreatment counts and treatment made on July 15. Manure accumulated since June 15.
b Each mean was based on 4 repiicates. Data were transformed to In (X+l) prior to analysis of variance. Means followed by the

same letter in each column were not significantly different at the 5% level (Duncan's multiple range test).

in laboratory test, but in the field it was rated highly
toxic to both mites and fly larvae. Ronnel was more
toxic to the flies than to the mites in the laboratory
tests, but the opposite was true in the field. Diazinon
was about equally toxic to both organisms in the lab-
oratory and in the field. Ciodrin and naled were
also about equally toxic in the laboratory tests; in
the field they were both very low in toxicity to the
mites and the fly larvae. Malathion, fenthion, and
dichlorvos were slightly more toxic to the mites than
to the fly larvae in both the laboratory and field tests.
However, malathion gave poor fly control and di-
chlorvos was very low in toxicity to both the mites
and fly larvae in tlIe field. Bay 39007 was consider-
ably more toxic to the mites than to the fly larvae in
tlIe laboratory, while in the field it was highly toxic
to both.

Treatment of the manure in the poultry houses
should be avoided as long as only relatively nonselec-
tive chemicals are used for fly control. It is acknowl-
edged that very temporary control of fly larvae may
be accomplished with some chemicals, but the resur-
gence of the fly population is rapid. In the absence
of manure-inhabiting predaceous mites, the fly prob-
lem may become greater than it was originally. Other
biological agents which may be in tlIe manure (e.g.
predaceous fly larvae and beetles) or visiting the sur-
face of the manure (e.g. hymenopterous parasites)
also are probably destroyed by most insecticide treat-
ments. Manure treatment is undesirable also because
the selection pressure on the larvae is likely to cause
a greater rate of resistance development than when
only the adults are exposed to the insecticide (Bruce
and Decker 1950, Decker and Bruce 1951). The use
of feed additives to control fly breeding in poultry

droppings (Simco and Lancaster 1966) raises serious
questions about the effects of these chemicals on the
manure ecosystem. This use warrants detailed inves-
tigation before any large-scale feed additive program
is attempted.

Selectivity may be possible by the choice of applica-
tion method. Defoliart (1963) achieved satisfactory
fly control in dairy barns by treating only small areas
which were used by the flies as resting sites. Keiding
and benHannine (1965) demonstrated satisfactory
control by selective treatment in pig barns. This ap-
proach takes advantage of the differences in the
nocturnal resting habits of house flies (mostly on the
interior, upper surfaces of the structures) and the
hymenopterous parasites and dipterous predators (on
the vegetation around the buildings) (Anderson and
Poorbaugh 1964, Keiding 1965) . Selective applications
to the upper interior surfaces of the structure would
also minimize harm to the predaceous manure-inha-
biting mites. It should be acknowledged that a pro-
gram of selective application might possibly result in
a behavioral change in the fly population. Bruce and
Decker (1950) reported that, following repeated in-
secticide treatment, house flies were resting in lower
portions of the barns and on the animals instead of
on the upper portions. Also, the flies remained in
one place instead of walking around. However,
Arevad and Mourier (1963) selected flies for differ-
ences in vertical resting habits but could not show
any behavioral change after 19 generations of selec-
tion. More investigatioq is warranted, since Connolly
(1966) was successful in selecting Drosophila for dif-
ferences in activity after 25 generations.

Integrated control of the house fly is not yet a
reality. The refinement of selective application pro-

Table 5.-Populations of mites (111. muscaedomesticae) and house fly larvae in poultry manure 5 em deep
following application of 4.4% Zytron granules.

!

a Pretreatment counts and treatment made on August 5. Manure accumulated since July II.
b Each mean was based on 6 replicates. Data were transformed to In (X+l) prior to analysis of variance. Means followed by thO"

same letter in each column were not significantly different at the 5% level (Dnncan's multiple range test).

Mean no. mites/sampleb Mean no. fly larvae/sampleb

Days after Days after
% Application treatment treatment

Chemical and active rate
formulation ingredient (g/m2)a Pretrt. 5 14 Pretrt. 5 14

Kepone Wp 50 200 291.0 a 0.4 a 20.9 a 86.7 a 1.9 a 71.4 a
Diazinon granules 14 200 173.0 a .5 a 0.6 a 109.0 a 13.8 b 134.0 a
Zytron granules 4.4 50 128.0 a .0 a .9a 96.1 a 8.9 b 132.0 a
Untreated 188.0 a 4.5 b 11.0 a 82.3 a 24.4 b 108.0 a

Mean no mites/sample" Mean no. fly larvae/sampleb

Applica- Days after treatment Days after trea tmen t
tion rate
(g/m2) a

Pretrt. 5 14 27 30 Pretrt. 5 14 21 30

100 107.0 a 1.0 a 0.6a 0.6a 0.7 a 88.3 a 35.9 a 26.7 a 92.3 a 99.0 a
50 82.3 a 2.4a 3.6 b .8 a .9 a 80.9 a 31.5 a 26.5 a 67.2 a 115.1 a

Untreated 61.0 a 83.2b 86.4c 50.0 b 25.3 b 114.0 a 75.0 a 185.0 b 60.1 a 126.0 a
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cedures, based on more detailed knowledge of fly be-
havior, should be pursued. Concurrently, more inten-
sive investigations on the manipulation and propaga-
tion of biological control agents against the house fly
are needed.

FORMULATIONS, SOURCES, AND IDENTITIES OF CHEMI-
CALS.-

Diazinon, 4 lbfgal EC and 14% granules, Geigy
Chemical Co.

Dichlorvos,2 lbfgal EC, Shell Chemical Co.
Dimetlioate, 4 lbfgal EC, American Cyanamid Co.
Fentliion, 4 lbfgal EC, Chemagro Corp.
Malathion, 5 lbfgal EC, American Cyanamid Co.
Naled, 8 lbfgal EC, Chevron Chemical Co.
Ronnel, 2 lbfgal EC, Dow Chemical Co.
Bay 39007 (Baygon@) -o-isopropoxyphenyl methyl-

carbamate, 1..5 lbfgal EC, Chemagro Corp.
Ciodrin@-alpha-methylbenzyI3-hydroxycrotonatedi-

methyl phosphate, 3.2 lbfgal EC, Shell Chemical
Co.

Repone@-decachlorooctahydro-l , 3, 4-metheno- 2H-
cyc1obuta[cdJpentalen-2-one, 50% WP, General
Chemical Div.

SD 8447 (Gardona@) -2-chloro-l- (2,4,5-trichloro-
phenyl) vinyl dimethyl phosphate, 2 lbfgal EC,
Shell Chemical Co.

Zytron@-O-2,4-dichlorophenyl O-methyl isopropyl-
phosphoramidothioate, 4.4% granules, Dow
Chemical Co.
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