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Abstract: The effects of antiparasitic drug, ivermectin, on the dung-breeding
flies were studied in laboratory and field experiments in Hokkaido, Japan. In two
pour-on treatments (500 ug/kg), ivermectin was excreted in dung for up to 14 and 21
days after treatment, with peaks at 3 days and 1 day, respectively. Dung from treated
cattle prevented the larval development of Haematobia irritans and Neomyia cornicina
up to 14 days and reduced the larval and pupal survival rates at 21 days after
treatment. In the field experiment using emergence traps, the numbers of emerged
flies from dung pats were 3,655 (18 families) in control dung and 2,234 (16 families) in
treated dung. Especially, Musca bezzii, Ravinia striata, Sepsis duplicata, Sepsis thora-
cica, Sepsis cynipsea, Sphaeroceridea, Empididae, Sciaridae and Chironomidae were
severely reduced in treated dung. Reduction of cyclorrhaphaous flies similarly occur-
red at 1, 3 and 7 days after treatment, which coincides with high concentrations of
ivermectin. Conversely, Ceratopogonidae and Phoridae increased in treated dung,
regardless of days (1, 3 and 7) after treatment. Dry weights of flies emerged from dung
pats of treated cattle in the field experiment were only 5.8% of those from dung of
control cattle, indicating that dung-decomposing activity by fly larvae was supressed
in dung of treated cattle.

Key words: ivermectin, pour-on, Haematobia irritans, Neomyia cornicina, non-target
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INTRODUCTION

Ivermectin is a broad-spectrum parasiti-
cide against nematode and arthropod par-
asites of domestic livestock. This drug is
used in many parts of the world since its
introduction in the early 1980s, because it
is effective and convenient to use by vari-

ous formulations. Whatever the formula-
tions, ivermectin is excreted in cattle feces
or dung pats (Campbell et al., 1983), where
it retains insecticidal activity: this has a
novel role of control of pest flies inhabit-
ing dung. However, ivermectin residues
in dung have a potential impact on non-
target organisms and cause undesirable
environmental consequences by interfer-
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ing with dung-breeding insects involved
in the degradation of dung on pasture
(Wall and Strong, 1987).

It is well known that pest flies are only a
few in dipterous fly fauna of cattle dung
pats in pasture; a large majority is non-
pest (Hammer, 1941; Laurence, 1954;
Papp, 1970). The effects of ivermectin on
these non-target dipterous flies in dung
pats have been investigated by Ward-
haugh and Rodriguez-Menendez (1988),
Madsen et al. (1990), Sommer et al. (1992),
Strong and Wall (1994), Floate (1998),
Floate et al. (2001).

In Japan, ivermectin has been used on
cattle throughout the country, especially
with the spread of pour-on formulation.

Until now, however, no attempt has
been made to evaluate the effect of this
drug on dung-breeding flies in Japan.

The purpose of this study is to deter-
mine the effects of ivermectin residues in
dung voided by treated cattle on target
and non-target dung-breeding flies in Hok-
kaido, Japan.

MATERIALS AND METHODS

Cattle and dung collection

The experiments were conducted at the
pasture of Obihiro University of Agricul-
ture and Veterinary Medicine. Five Hol-
stein cows (ages 31-53 months) were sel-
ected and ivermectin (Ivomec® Topical;
Merial Limited) was topically treated to
them by pour-on formulation at the rec-
ommended dose 500 x#g/kg body weight.
Two treatments were done on 25 May and
22 June in 2002, and at the same time each
5 untreated cows (ages 45-52 months)
were also selected and used as controls.
None of the cows had been previously
treated with anthelmintics or insecticides.
Dung pats were collected immediately
after defecation at 1, 3, 7, 14, 21, 28 and 35
days after treatments. In each collection,
dung pats from 5 cows were mixed and
frozen at —20°C until used.
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Determination of ivermevtin concentrations

Determination of ivermectin concentra-
tion in feces was performed by high-
performance liquid chromatography
(HPLC) following the method of Payne et
al. (1995) with some modifications: the ex-
traction was carried out by homogenizer
(PHYSCOTRON, Microtec Co., Ltd.) at
10,000 rpm for 1 min instead of sonica-
tion, and avermectin Bl was added as in-
ternal standard.

Laboratory bioassays: Effects of tvermectin
on pupation and emergence of Haematobia
irritans (Linnaeus) and Neomyia cornicina
(Fabricius)

The horn fly, H. irritans is a target spe-
cies which is a blood-sucking pest of
cattle. N. cormicina was chosen as non-
target beneficial species which is common-
ly found in dung pats as coprophagous in
Hokkaido. Eggs of N. cornicina were col-
lected from the surface of fresh dung pats
in pasture, while eggs of H. irritans were
obtained by allowing gravid females to
oviposit in test tubes (11 mm diameter X
75 mm length). Thirty to 40 eggs in both
species were inoculated onto 30g of dung
in plastic cups (8cm diameterXxX4 cm
depth) doubled in large cups (12 cm diam-
eter X5.5 cm depth) with sawdust for pupa-
tion site. These cups were maintained at
25°C (16L-8D) and the number of pupae
was counted. The pupae obtained were
transferred to another plastic cup (8 cm
diameter X4 cm depth), for adult emer-
gence. Experiments were replicated 3
times in H. irritans and 5 times in N. cor-
nicina.

Field experiment: Effects of twermectin on fly
emergence

Eighteen artificial dung pats (1 kg, three
pats each per collection date for treated
and control) of 1, 3, 7 days after treatment
were each placed on a 17-cm layer of black
soil in a plastic box (33X33X19cm).
Boxes with these dung pats were then
placed in a field area adjacent to a pasture
for exposure to insect activity for 7 days.
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After exposure, these boxes were brought
to grassland in the campus of the Univer-
sity and covered with emergence traps
attached with cups for collection of
emerged flies. Traps were checked every-
day, and flies emerged from dung were
collected, counted and determined into
the species or families. These specimens
were dried in the laboratory more than
two months and their dry weights were
measured by an electric chemical balance
(sartorius BJ1500). These experiments
were performed two times in mid-June
and late July, and a total of 36 dung pats
was observed.

RESULTS

Determination of ivermectin concentrations

In two treatments, ivermectin residues
in dung attained maximal concentrations
at 3 and 1 days after treatments, respec-
tively, and both peaks were followed by a
decline with below half concentrations at
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Fig. 1. Ivermectin concentrations in dung (ppm
of wet weight) after pour-on treatments (500
1g/kg).
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7 days after treatment (Fig. 1). Then, iver-
mectin was detected in dung up to 14
(Exp. 1) and 21 days (Exp. 2) after treat-
ment, and not detected at 28 and 35 days
after treatment; the determination limit
was 0.002 ppm.

Effects of twermectin on pupation and adult
emergence of H. irritans and N. cornicina

Pupation rates of H. irritans in dung
from control cattle was from 64.4 to 100%
at 1-35 days after treatment (Table 1),
whereas they were zero in dung from tre-
ated cattle at 1 to 14 days, 17.9% at 21
days, and 84.8 and 79.3% at 28 and 35
days after treatment, respectively. Emer-
gence rates also showed the same tenden-
¢y as the pupation rates.

Pupation rates of N. cornicina in dung
from control cattle was from 86.9 to 99.3%
at 1 to 35 days after treatment (Table 2).
On the other hand, they were zero in dung
from treated cattle at 1 to 14 days, about
half (49.8%) at 21 days, and 95.9 and
97.2% at 28 and 35 days after treatment,
respectively. Emergence rates also show-
ed the same tendency as that of pupation
rates.

Effects of ivermectin on fly emergence in
field

In Experiments 1 and 2, a total of 5,889
flies comprising 19 families emerged from
36 dung pats (18 each control and treated),
of which 3,655 flies (18 families) were from
dung of control cattle and 2,234 flies (16
families) from dung of treated cattle
(Table 3). The species identified into spe-
cies were 1 species in Anthomyiidae, 4
species in Muscidae, 1 species in Sarco-
phagidae and 5 species in Sepsidae. Other
families which include plural species were
indicated as spp. The predominant fami-
lies in total numbers were Ceratopogo-
nidae (mainly Forcipomyia spp.) (1,666),
followed by Sciaridae (1,381), Sphaeroceri-
dae (1,230) and Phoridae (473).

Large reduction in the numbers of flies
from dung of treated cattle occurred in
Muscidae (Musca bezzii Patton et Cragg),
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Table 1. Larval and pupal survival of Haematobia irritans in dung from cattle treated with ivermectin
and in control dung.

Days after Pupation rate (%)=SD Emergence rate (%)*=SD
treatment Control Treatment Control Treatment
1 66.7£47.1 * 0 46.13%£3.2 * 0
3 64.4+11.3 * 0 48.6+7.0 * 0
7 100 * 0 74.8+7.8 * 0
14 96.0£2.9 * 0 68.116.3 * 0
21 96.1£4.2 * 17.9£25.3 57.6+16.6 * 1.2+1.7
28 71.9%£12.7 n.s. 84.8+16.8 53.613.6 n.s. 68.8+4.0
35 84.0+2.6 ns. 79.3£7.1 54.41+14.6 n.s. 61272

Each value is a mean of 3 replicates each inoculated 40 eggs.
*: Significantly different between control and treatment (P<0.01: Mann—Whitney U test).

n.s.. Not significant between control and treatment.

Table 2. Larval and pupal survival of Neomyia cornicina in dung from cattle treated with ivermectin

and in control dung.

Days after Pupation rate (%)*SD Emergence rate (%6)*SD
treatment Control Treatment Control Treatment
1 86.9£13.3 * 0 729+t17.2 * 0
3 99314 * 0 93.3+3.0 * 0
7 89.6t7.5 * 0 86.1£9.0 * 0
14 91.8*t1.5 * 0 87.5+5.3 * 0
21 96.814.0 * 49.8+14.5 91.5+6.2 * 34.1t17.5

28 98.6+2.8 n.s. 95.9+3.3 93.216.1 n.s. 93.1£5.8
35 94.6+5.0 n.s. 97.2+2.7 82.51+3.8 n.s. 92.5%1.3

Each value is a mean of 5 replicates each inoculated 30 eggs.
*: Significantly different between control and treatment (P<0.01: Mann-Whitney U test).

n.s.. Not significant between control and treatment.

Sarcophagidae (Ravinia striata (Fabri-
cius)), Sepsidae (Sepsis duplicata Haliday,
S. thoracica (R.-D.), S. cynipsea Linnaeus),
Sphaeroceridae and Empididae in Cyclor-
rhapha, and Sciaridae and Chironomiidae
in Nematocera. Conversely, emergence of
Ceratopogonidae prominently increased
in dung of treated cattle. The numbers of
Phoridae were also more rather abundant
in dung from treated cattle than in dung
from control cattle.

In Sepsidae, S. latiforceps Duda emerged
from dung pats of treated cattle in almost
the same numbers as those of control
cattle, although no flies emerged from
dung of treated cattle in other 4 species.

The numbers of represented Cyclorrha-
pha species and families (M. bezzii, R. stri-

ata, Sepsidae, Sphaeroceridae, Empididae
and Phoridae), and Nematocera families
(Ceratopogonidae, Sciaridae, Chironomi-
dae) emerged from dung of control and
treated cattle at 1, 3 and 7 days after treat-
ments are shown in Figs 2. In Cyclorrha-
pha (M. bezzii, R. striata, Sepsidae, Sphaer-
oceridae, Empididae), reduction in the
numbers similarly occurred at 1, 3 and 7
days after treatment, indicating that iver-
mectin concentrations in these days are
enough to affect their larval development.
In Phoridae and Ceratopogonidae, emerg-
ed flies were more abundant at all days (1,
3 and 7) after treatment, bearing no rela-
tion to ivermectin concentrations.

Total dry weight of flies emerged in Ex-
periments 1 and 2 was 1,915.9 mg in dung
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Table 3. Numbers of flies emerged from dung pats (1 kg) of control and
treated cattle by exposure for 7 days.

Dung pats
Families and species Total
Control Treatment

Anthomyiidae

Paregle cinerella 1 4 5
Muscidae

Musca bezzii 38 0 38
Hydrotaea abipuncta 1 1 2
Hebecnema umbratica 1 0 1
Coenosia sp. 3 4 7

Sarcophagidae
Ravinia striata 142 0 142

Sepsidae

Sepsis latiforceps 45 39 84
Sepsis duplicata 44 0 44
Sepsis thoracica 99 0 99
Sepsis cynipsea 47 0 47
Saltella sphondylii 1 0 1
Sphaeroceridae spp. 1,210 20 1,230
Chloropidae spp. 5 3 8
Drosophilidae spp. 13 7 20
Ephydridae spp. 1 3 4
Dolichopodidae spp. 3 6 9
Platystomatidae spp. 3 1 4
Empididae spp. 165 38 203
Phoridae spp. 207 266 473
Stratiomyidae spp. 0 2 2
Tipulidae (Limoniinae spp.) 20 0 20
Ceratopogonidae spp. 261 1,405 1,666
Chironomidae spp. 326 49 375
Mycetophilidae spp. 7 3 10
Sciaridae spp. 998 383 1,381
Psychodidae spp. 14 0 14
Total 3,655 2,234 5,889

Eighteen dung pats were observed in control and treatment, respectively.

from control cattle and 112.8 mg in dung
from treated cattle (Table 4): the ratio was
17:1. In dung of control cattle, the pro-
portion of large-sized Cyclorrhapha (M.
bezzii and R. siriata) was 78% in total
weights.

DiscussioN

Sommer et al. (1992) reported that iver-
mectin by pour-on formulation was rapid-
ly excreted in dung up to 14 days with a
peak at the 1st day after treatment. Peak
residue levels of avermectins including

ivermectin administrated by subcutane-
ous injection are typically excreted at 3-6
days after injection (Sommer et al., 1992;
Lumaret et al.,, 1993). The current results
are similar to those of Sommer et al. (1992)
and exhibit that ivermectin is excreted in
dung at least up to 14 days after treat-
ment, which coincides with the periods of
100% larval mortality of H. srritans and N.
cornicina. Large reduction of pupation
rates in two species at 21 days after treat-
ment (Exp. 1) when no ivermectin was
detected may be due to undetectable resi-
dues or metabolites of drug.
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Fig. 2. Numbers of represented Cyclorrhapha and Nematocera flies emerged per 6 dung pats at 1, 3 and
7 days after treatments (0=Control).

Table 4. Dry weights of main coprophagous It has been reported that ivermectin res-
flies emerged from dung pats of con- idues in dung could effectively reduce the
trol and treated cattle, respectively. dipterous flies of economic importance,

Families and Dry weights (mg) such as Haematobia irritans, Stomoxys cal-

species Control Treatment citrans and M. domestica (Ridsdill-Smith,
ontro. reatmen .

1988; Fincher, 1992, 1996; Doherty et al,,

Muscidae 1994; Wardhaugh et al,, 1996; Floate et al,

Musca bezzii 400.9 0 2001). Fincher (1992) reported that eme-
Sarcophagidae rgence of the horn fly, H. irritans was red-
Ravinia striata 1,097.7 0 uced for 8 weeks when reared on dung
Sepsidae from cattle treated with ivermectin by in-
Sepsis latiforceps 18.0 15.6 jection. In pour-on formulation, emer-
Sepsis duplicata 6.2 0 gence of H. irritans was reduced for 5-6
Sepsis thoracica 39.6 0 weeks (Fincher, 1996) and 4-8 weeks
gezl)tsilsl cyzzpseg i lgg 8 (Floate et al, 2001), respectively. The
aitetia spnonaylii . : . . 4
Sphaeroceridac spp. 847 14 period which affected survival of H. ir

Sciaridae spp 2495 95.8 ritans in the present study is somewhat

shorter than that in the previous reports.

Total 1915.9 112.8 This may be attributed to the differences
Eighteen dung pats were observed in control of breeds and diets of cattle. Uzuka et al.
and treatment, respectively. (1999) reported that no adult horn fly was

on cattle body for 5 weeks after treatment
of ivermectin by pour-on formulation in
Obihiro, Hokkaido. It is considered that
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Fig. 3. Appearance of dung pats of 1 day after treatment (right) and control dung pat (left) (both 7 days

old after exposure).

ivermectin by pour-on formulation con-
tributes to reduction of horn fly popula-
tion on cattle body during a certain
period.

It has been reported that ivermectin in-
hibits larval development of non-target
dung-breeding flies (Wall and Strong,
1987; Madsen et al.,, 1990; Strong, 1992;
Floate, 1998). Mortality of larvae of N.
cornicina in dung of injection formulation
of ivermectin was 100% up to 32 days
after treatment (Wardhaugh and Rodri-
guez-Menendez, 1988) and 97% up to 2
weeks after pour-on formulation (Sommer
et al, 1992). The present results confirmed
that pour-on formulation of ivermectin
suppressively affects the larvae of non-
target coprophagous flies, N. cornicina at
least up to 21 days after treatment.

It is well known that Cyclorrhapha
larva were affected in dung of ivermectin-
treated cattle, whereas Nematocera larvae
remained unaffected (Schmidt, 19883;
Madsen et al., 1990; Sommer et al., 1992).
The present results are similar to the pre-
vious reports. Especially, the larvae of M.
bezzii, R. striata, S. duplicata, S. thoracica,
S. cynipsea, Sphaeroceridae, Empididae,
Chironomidae and Sciaridae in dung ap-
peared to be severely reduced by ivermec-
tin treatment; these are coprophagous,
having a role as decomposer. It is con-
cluded that ivermectin residues in dung
by pour-on treatment extensively sup-

press development of non-target beneficial
coprophagous fly larvae in dung pats.

According to Madsen et al. (1990), differ-
ence of sensitivity between Nematocera
and Cyclorrhapha may be ascribed to dif-
ferences in phenology, development and
feeding habits. In the present study, how-
ever, the rather increased emergence of
Ceratopogonidae (mainly genus Forcipo-
myia spp.) of Nematocera and Phoridae of
Cyclorrhapha from dung of ivermectin-
treated cattle is'still a riddle; further inves-
tigation is necessary in consideration of
the possibility of their attractions to iver-
mectin residues or metabolites in dung.

In the species level there has been no
report on sensitivity of small-sized acaly-
pterate flies of Cyclorrhapha against iver-
mectin up to the present. In Sepsidae,
there was emergence of S. latiforceps from
dung of treated cattle likewise that of con-
trol dung, nevertheless, there was no emer-
gence from dung of treated cattle in other
4 sepsid species, suggesting that there are
differences in sensitivity among the spe-
cies within this family.

Papp (1970) investigated the dry weight
values of flies developing in cattle dung
pats and suggested that fly larvae have an
important role in the disappearance of
cattle dung pats in pasture. Dry weights
of flies emerged from dung of treated
cattle were only 1/17 (5.8%) of that from
dung of control cattle, indicating that de-
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composing activity by larvae was suppr-
essed in dung pats of treated cattle. This
activity of fly larvae in part is revealed in
the appearance of dung pats; that is, typi-
cal control dung pat has spread out and its
surface is soft and crumbled, whereas that
of treated cattle has not spread out and its
surface is crusty and hard (Fig. 3). Espe-
cially, dry weights of M. bezzii and R. stri-
ata occupied 78% in total weights; these
large-sized Cyclorrhapha flies may- be an
important decomposer in dung pats. Fur-
ther work would be needed to determine
the effects of ivermectin on dung-breeding
insects in relation to their roles in degra-
dation of dung pats in pasture.
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