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AB!3TRACT Horn fly, H w m t o b i u  irritans (L.) (Diptera: Muscidae), ppu-  
lations from southeastern Wyoming were assayed for resistance against per- 
methrin, diazinon, and fenthion. All of the populations examined were signifi- 
cantly more resistant to permethrh than a susceptible strain. Eight of 25 
populations examined were significantJy more resistant to diazinon than a 
susceptible strain. Five of 15 populations examined were significantly more 
resistant to fenthion than a susceptible strain. No relationship was detected 
between elevation and resistance levels. 
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m e  horn fly, Hmmtobiu irritam (L.) (Diptera: Muscidae), is one of the most 
important insect pests of beef cattle in the.United States (Bruce 1964). Its b l d -  
feeding habits and its occurrence in large populations can cause decreased weight 
gains, feed efficiency, and milk production (Campbell 1976; Kinzer et al. 19W, 
Kunz et al. 1984: Cocke et al. 1989). 

Horn flies overwinter as diapausing pupae and emerge as adults the following 
spring. Horn fly pupae enter diapause in the fall, and the proportion of pupae in 
diapause increases as temperatures decline (Lysyk & Moon 1994). Timing of 
diapause completion and adult eclosion are temperature dependent, and occur 
earlier in the spring at  higher temperatures (Miller 1977; Miller & Kunz 1985). 
Emergence of adult horn flies occurs over a 20-40-d period (Bruce 1964, 
Hoelscher & Combs 1971). Mating and oviposition begin soon after adult emer- 
gence, and immature developmental time can vary fiom 14 to 25 d (Lysyk 1992). 
Because of the variation in adult emergence and immature developmental time, 
horn fly generations overlap and emergence is continuous throughout the fly 
season. 

Ear tags containing pyrethroid an'd organophosphate insecticides have been 
used widely for the control of horn flies since 1980. However, development of 
resistance in horn flies exposed to insecticides used in ear tags has been reported 
in many areas of the United States (Sheppard 1983, 1984; Harvey et al. 1984; 
Quisenberry et al. 1984; Kunz & Schmidt 1985; Schmidt et al. 1985; Cilek & 
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Knapp 1990; Cilek et al. 1991; Sheppard & Joyce 1992). These early cases of 
resistance occurred in areas of multiple generations per season, long fly seasons, 
and high numbers of flies on cattle. 

Many methods for testing horn fly resistance to insecticides have been exam- 
ined, with varying results. These tests can be categorized into two groups: direct 
application, including topical and feeding methods (Harris 1964, Sheppard 1983) 
or residual assays that include petri dish, glass test tube, treated cloth, and filter 
paper techniques (Sheppard 1984; Schmidt et al. 1985; Cilek & Knapp 1986; 
Sheppard & Hinkle 1986, 1987). Residual assays have become the method of 
choice due to ease of use and ability to test larger numbers of flies more quickly. 
Herds of cattle in Wyoming occur in extremes of elevation, from 1,250 to >3,000 
m. Wyoming, unlike the other areas with known horn fly resistance, has a short 
horn fly season with few generations per season. Because horn fly densities and 
control practices appear to be different at  extremes of elevation, insecticide re- 
sistance levels also might be expected to differ. For example, if densities of horn 
flies are lower at  higher elevations, a producer may be less likely to use prophy- 
lactic insecticide treatments. The status of horn fly pyrethroid and organophos- 
phate resistance in Wyoming and the influence of elevation on selection for re- 
sistance is unknown. The objective of this study was to determine the status of 
horn fly resistance in Wyoming to the pyrethroid insecticide permethrin, and to 
the organophosphate insecticides diazinon and fenthion, and to determine wheth- 
er elevation had an influence on resistance. 

Materials and Methods 

Cattle ranches within 160 km (2.5-h drive) of Laramie, Wyoming, were iden- 
tified by university extension agents, animal scientists, and cattle producers. 
Ranch selection was not made based on treatment history; it was by invitation of 
producers. To determine the relationship between resistance levels and past use 
of insecticides, producers were questioned about prior insecticide use. 

During 1995, adult horn flies from 12 Wyoming ranches were assayed for 
susceptibility to diazinon and permethrin. In 1996, adult horn flies from 14 Wyo- 
ming ranches were assayed for susceptibility to permethrin and fenthion, and 
flies from 12 ranches were evaluated for diazinon susceptibility. Flies from one 
herd in Nebraska also were assayed for susceptibility to diazinon and fenthion in 
1996. Adult horn flies were collected from 11 August 1995 to 17 September 1995 
and from 9 July 1996 to 13 September 1996, when, in each year, freezing tem- 
peratures in September severely reduced horn fly populations, ending the study. 

For comparison, horn flies from two laboratory colonies from the USDA-ARS 
U.S. Livestock Insects Research Laboratory, Kerrville, Texas, were included in 
the study. The susceptible colony was established with flies collected near Kerr- 
ville ~ 3 0  yr ago. The flies had never been exposed to insecticides. A pyrethroid- 
resistant laboratory colony was established in August 1992 by collecting cyhalo-. 
thrin-resistant flies. Cyhalothrin resistance has been maintained in this colony, 
the USDA-ARS Kerrville cyhalothrin-resistant strain, by exposing flies to a bo- 
vine host treated weekly with topical applications of cyhalothrin, 24 at 260 pg 
(AIVml. 

Two assays, topical application and treated filter paper, were used to deter- 
mine the level of insecticide resistance of horn flies. The treated filter paper 
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developed by Heim et al. (1990) used formulated insecticides 

143 

and was 
modified to d&rmini dose-mortality slopes for horn fly populations. The per- 
methrin formulations Atroban Swine and Mange EC@, 11% (AI), used in 1995 and 
1996, and Atroban 11% EC@, 11% (AI), used in 1996, were supplied by Mallinck- 
~ r d t  Veterinary, Mundelein, Illinois. The diazinon formulation Diazinon 4E@, 
47.5% (AI) was supplied by Ciba Corporation, Greensboro, North Carolina. The 
fenthion formulation LysofP, 8% (AI), was supplied by Bayer Corporation, Shaw- 
nee Mission, Kansas. 

Serial dilutions of these five insecticides were made in acetone. One milliliter 
of each concentration was applied to a labeled 9-cm Fisherbrand P5 filter paper 
disk (Fisher Scientific, Pittsburgh, Pennsylvania) that was then placed on 
d e d  aluminum foil to facilitate drying with minimal contact loss of insecti- 
cide. All treated filter paper disks were cured at least 24 h before each assay 
(Sheppard & Hinkle 1987). After drying, all treated and control (acetone only) 
filter paper disks were placed by dose in sealed plastic bags and stored at -15OC. 

Adult horn flies were collected from the backs of cattle by using an aerial insect 
net. Flies were placed in a 13 by 18 by 30 cm screened cage that was then placed 
in a self-chilling cooler at 7' or 8OC for transport to the laboratory. In the l a b  
mtory, flies were held at 4% for 10 to 30 min until they were placed on the treated 

Treated filter papers were placed in the lids of 100 by 15 mm disposable 
, polystyrene petri dishes (one filter paper per lid). One milliliter of distilled water 
was placed on each filter paper. All dosages and an acetone-only control were 
replicated four times. Flies were anaesthetized with C02 and placed on a cold 
plate (1.7OC) until transferred to petri dishes in groups of ftom 10-30 flies. Fol- 
bwing loading of all dishes with flies, 55 to 10 min, the flies were examined for 
mortality and the number of dead flies was recorded. Following pretrial observa- 
tiom of ilies resting on the untreated lids, petri dishes were inverted so the filter 
paper was positioned above the flies to maximize contact. bsul ts  were recorded 
aftar 2 h of exposure. Any fly unable to walk at that time was considered dead. All 
assays were run between 0900 and 1700 hours (MT) under constant fluorescent 
&ght emitted from ceiling fktures, and at a room temperature of =20Â°C 

The topical bioassays were conducted using a Model M Microapplicator (In- 
strumentation Specialties, Lincoln, Nebraska) that applied 0.4 pl of serial dilu- 
tions of formulated permethrin in acetone to the thorax of chilled, C02 anaesthe- 
tized adult flies. Following i n d c i d e  application, 10 to 25 treated flies were 
placed in a 120-ml wax-coated cup with an inverted bottom of a plastic petri dish 
m g  as a lid. Results were recorded after 2 h of exposure, and any fly unable 
to walk was considered dead. All assays were run between 0900 and 1400 hours 
tmder lighting and temperature conditiom described previously. Insecticide di- 

., Mons  were selected to provide between 5 and 95% mortality at a minimum of 
ftve dosages for each population. The initial five dosages were determined with 

-3wm flies h m  the susceptible laboratory colony for each of the insecticides (Table 
1). Dosages for each Wyoming population and the USDA-A.W Kerrville cyhalo- 
thrin-resistant strain were incrementally increased until the mortality was be- 
een 5 and 95%. 
Pmbit analysis was conducted on all data by using POLO-PC (LeOra Software 

M7) .  Pmbit regression lines were estimated individually for each population and 
insecticide. All hypotheses were tested by the likelihood ratio test (Savin et al. 
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Table 1. Five insecticide dosages that provided between 5 and 95% mor- 
tality of the USDA-ARS Kede-susceptible horn fly strain, 
over 2 yr. 

Year 1 (1995Y Year 2 (1996) 

Disc Disc Disca Topicalb Disca Disca 
permethrin diazinon permethrin permethrin diazinon fenthion 

aMicrogram (AI) per square centimeter of mter paper disc. 
bMicrogr~  (AI) per fly. 

1977). Ftesistance ratios were determined by the method of Robertson & F'reisler 
(1992). 

To determine if a relationship existed between resistance ratios and elevation, 
a regression analysis was conducted (PROC REG) (SAS Institute 1992). The 
variable elevation was considered to be a random effect. The diazinon data from 
1995 and 1996 were combined for analysis because the susceptible standard 95% 
confidence limits (CL) a t  the LC90 estimate overlapped. Due to the very large 
increases, however, in permethrin resistance ratios from 1995 to 1996, the pyre- 
throid data &om each year were examjned separately. 

The length of the breeding season at  each location was estimated by ca lda t -  
ing accumulated degree-days above a threshold. Thomas et al. (1974) and Miller 
(1977) estimated the developmental threshold a t  9.2' and 11.2OC, respectively, 
based on temperatures recorded a t  standard weather stations; we chose 10Â° as 
a compromise between the two. Daily maximum and minimum temperatures 
were obtained from National Oceanic and Atmospheric Administration weather 
stations at  four Wyoming locations: Torrington, Cheyeme, Laramie, and Centen- 
nial. Degree-days >lOÂ° were accumulated from 1 January to 30 September a t  
each site by using a modified sine wave routine (Allen 1976). Because current 
methods for predicting spring emergence and diapause entry are inadequate 
(Klein and Lancaster 19921, we arbitrarily set 30 September as  the end of the 
breeding season, and used two dates, 1 May and 1 June, as estimates of the 
beginning of the breeding season. The length of the breeding season a t  each 
location was then estimated by subtracting the accumulated degree days at  the 
start of the season from the accumulated degree-days at  the end of the season. 

Results 

All 12 Wyoming horn fly populations were significantly less susceptible to 
permethrin than was the USDA-ARS Kerrville susceptible strain in 1995; how- 
ever, no population had as high a resistance ratio as the USDA-ARS Kerrville 
cyhalothrin-resistant strain (Table 2). The lowest resistance ratio, 3.9, occurred at  
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2. Insecticide-use history and pennethrin dosage used in horn fly 
filter paper bioassay to determine resistance ratios (RR) for 
1995. 

Location Insecticide LDm (95% CL) 
(elevation, m) history pg (AI)/cm2 filter paper RR 

1 Kerrville- 0.0063 (0.0056-0.0070) 1.0 
susceptible 

2 (2,400) None 0.0105 (0.0056-0.0154) 3.9* 
3 (2,100) None 0.0243 (0.016-0.0325) 15.0* 
4 (2,225) Unknown 0.0237 (0.0158-0.0320) 19.4* 
5 (1,740) None 0.0511 (0.0390-0.0697) 31.5* 

Pyrethroid & OP ear 0.0344 (0.0253-0.0463) 32.8* 
tags alternating years 

Unknown 0.0191 (0.0084-0.0299) 36.0* 
Methoprene 0.0753 (0.0580-0.1026) 80.9* 

mineral block 
Unknown 0.1334 (0.1055-0.1743) 100.3* 

0.1074 (0.0785-0.1782) 112.6* 

OP backrubber each 0.0590 (0.0400-0.0837) 160.2* 

0.1548 (0.1259-0.1930) 204.2* 
0.1738 (0.1115-0.2755) 516.8* 

had a resistance ratio of 112.6 (1,800-m elevation). 

on than was the USDA-ARS Kerrville-susceptible strain. 
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Table 3. Insecticide-use history and diazinon dosage used in horn  fly 
filter paper bioassay to determine resistance ratios (RR) for  
1995. 

Location Insecticide LDeo (95% CL) 
(elevation, m) history pg (AI)/cm2 filter paper RR 

1 Kerrville- 
susceptible 

3 (2,100) 
4 (2,225) 
5 (1,740) 
8 (1,370) 

13 (1,800) 
USDA-East 
Unit 

None 
Unknown 
None 
Methoprene mineral 

block 
None 
None 

Unknown 
Pyrethroid & OP ear 

tags 
alternating years 

Unknown 
Unknown 
OP backrubber each 

Year 
None 

*Differs significantly from the USDA-ARS Kerrville-susceptible strain at 95% CL by method of Rob- 1 
ertaon & Preisler (1992). 

I 
susceptible strain (Table 4). In 1996, as in 1995, the Wyoming location with the 
highest permethrin resistance ratio, 2,056.9, was the USDA-ARS East Unit. The 
lowest resistance ratio, 22.1, occurred at  location 2 at  the highest elevation (2,400 1 
m). Unlike the results in 1995, however, horn flies from the USDA-ARS East 
Unit were found to have a resistance ratio that was larger than that of the 
USDA-ARS Kerrville cyhalothrin-resistant strain (1,766.7). Based on topical ap- - 
plication, the permethrin resistance ratio of the USDA-ARS Kerrville cyhalo- 
thrin-resistant strain was 1,745.9 (LDgo = 0.25389,95% CL = 0.25389-0.30280). 

Horn flies collected from locations 2 and 11, south of Rock River, Wyoming, 
which were a t  the highest elevations, were significantly more susceptible to 
fenthion than was the USDA-ARS Kerrville susceptible strain (Table 5). Five t : 
horn fly populations demonstrated significantly greater resistance ratios to li 

fenthion than did the USDA-ARS Kerrville-susceptible strain. With the excep- d 

tion of population 17, a Nebraska herd at  an elevation of 1,065 m, locations with li 

fenthion resistance were a t  the higher elevations (1,800 to 2,225 m). Horn fly ri 

susceptibility to fenthion at  all remaining locations was not significantly different S1 

from the USDA-AES Kerrville-susceptible strain. el 
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Table 4. Insecticide-use history and permethrin dosage used in horn fly 
filter paper bioassay to determine resistance ratios (RR) for 
1996. 

Location 
(elevation, m) 

Insecticide LDgo (95% CL) 
history u,g (AI)/cm2 filter paper RR 

1 Kerrville 
susceptible 

2 (2,400) 

3 (2,195) 
4 (1,570) 
5 (1,600) 

6 (2,225) 

7 (2,195) 
8 (1,980) 

9 (1,800) 
10 (1,280) 
11 (2,285) 

15 Kerrville 
Cyhalothrin- 
resistant 

16 (1,800) 
USDA-East 

1% permethrin 
pour-on 1995 

Unknown 
Ivomec each year 
Co-Ral (96), pour-on 

pyrethroid 
Malathion mosquito 

trials on ranch 
None (4 yr) 
Methoprene mineral 

block 
Ectrin ear tags (95, 96) 
OP dust bag each year 
Dominator (95), 

Terminator (96) 
None 

Warbex each fall, 
Ivomec (bulls) 

Saber Extra ear tags 
(96), Del Phos 

None 

Unit 

Â¥Differ significantly from the USDA-ARS Kerrville-susceptible strain at 95% CL by method of Rob- 
ertson & Preisler (1992). 

Three horn fly populations were significantly more susceptible to diazinon 
than was the USDA-ARS Kerrville-susceptible strain (Table 6). Horn fly popu- 
lations from five locations demonstrated significantly greater resistance ratios to 
diazinon than did the USDA-ARS Kerrville-susceptible strain. The horn fly popu- 
lation from Nebraska, elevation 1,065 m, which showed the greatest fenthion 
resistance ratio, did not differ significantly from the USDA-ARS Kerrville- 
susceptible strain in diazinon susceptibility. ' Based on regression analysis, no significant relationship was detected between 

ation and resistance ratios to these insecticides. The regression analysis of 
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Table 5. Insecticide-use history and fenthion dosage used in horn fly 
filter paper bioassay to determine resistance ratios (RR) for 
1m. 

Location LDgo (95% CL) 
(elevation, m) Insecticide history pg (AI)/cm2 filter paper RR 

2 (2,400) 

11 (2,285) 

13 (1,430) 

9 (1,800) 

3 (2,195) 
1 Kerrville 

susceptible 
5 (1,600) 

16 (1,800) 
USDA-East 
Unit 

6 (2,225) 

1% permethrin 
pour-on 1995 

Dominator (951, 
Terminator (96) 

Warbex each fall, 
Ivomec (bulls) 

Ectrin ear tags (95, 
96) 

Unknown 

Co-Ral (96), 
pour-on 
pyrethroid 

OP dust bag each 
year 

None 

Methoprene 
mineral block 

Ivomec each year 
None (4 yr) 
Saber Extra ear 

tags (961, Del 
Phos 

None 

Malathion 
mosquito trials 
on ranch 

Unknown 

*Differs significantly from the USDA-ARS Kerrville-susceptible strain at 95% CL by method of Rob- 
ertson & Preisler (1992). 

"The 90% CL. 
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Table 6. Insecticide-use history and diazinon dosage used in horn fly 
filter paper bioassay to determine resistance ratios (RR) for 
1996. 

Location LDso (95% CL) 
(elevation, m) Insecticide history pig (AI)/cm2 filter paper RR 

1 Kerrville 
susceptible 

9 (1,800) 
17 (1,065) 

GSL-Nebraska 
4 (1,570) 
5 (1,600) 

1% permethrin pour-on 
1995 

None (4 yr) 
None 

Unknown 
Methoprene mineral 

block 

Ectrin ear tags (95, 96) 
Unknown 

Ivomec each year 
Co-Ral(96), pour-on 

pyrethroid 
Saber Extra ear tags 

(96), Del Phos 
Dominator (95), 

Terminator (96) 
OP dust bag each 

Year 
ULV malathion mosquito 

sprays 

0.0083 (0.0074-0.0092) 

0.0082 (0.0073-0.0090) 
0.0092 (0.0083-0.0101) 

0.0088 (0.0078-0.0098) 
0.0092 (0.0074-0.0106) 

0.0181 (0.0171-0.0189) 

0.0067 (0.0052-0.0081) 
0.0203 (0.0087-0.0118) 

0.0117 (0.0103-0.0132) 
0.0135 (0.0122-0.0148) 

0.0117 (0.0105-0.0128) 

0.0113 (0.0088-0.0139) 

0.0103 (not generated) 

0.0085 (0.0062-0.0124) 

*Differs significantly from the USDA-ARS Kerrville-susceptible strain at 95% CL by method of Rob- 
ertson & Preisler (1992). 

permethrin resistance ratios showed no relationship between elevation and re- 
sistance ratio in either 1995 (P = 0.39, df = 10) or 1996 (P = 0.41, df = 12) (Figs. 
1 and 2). The regression analysis of the combined years for diazinon demonstrated 
no relationship between elevation and resistance ratio (P = 0.20, df = 23) (Fig. 
3). The regression analysis of fenthion resistance ratios showed no relationship 
between elevation and resistance ratio in 1996 (P = 0.09, df = 13) (Fig. 4). 

The accumulated degree-days a t  four Wyoming elevations are shown in Table 
7 for each elevation and year. The accumulated degree days on each date declined 
as elevation increased. The length of the horn fly breeding season, as estimated 
by the differences in accumulated degree days between either 1 May or 1 June 
and September 30 also declined with elevation. Using 1 May or 1 June as the 
starting date had relatively little influence on the relative length of the fly breed- 
ing season a t  each location. The relative length of the breeding season at Chey- 
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Elevation (m) 

Fig. 1. Relationship between permethrin resistance ratios of horn flies at  differ- 
ent elevations (1995). 

enne, Laramie, and Centennial in 1995 was 82,57, and 47% that of Torrington if 
1 May was used as the beginning of the fly season, and was 84,58, and 49% if 1 
June was used a t  the beginning of the fly season. In 1996, the relative length of 
the horn fly breeding season at  Cheyenne, Laramie and Centennial was 77, 59, 
and 50% that of Torrington, and was 78,60, and 51% if 1 June was used as the 
starting date. 

Discussion 

Methods of testing for adult horn fly resistance have been reported in the 
literature. In all methods, technical formulations of insecticides were either in- 
troduced to the flies on dry surfaces (Sheppard 1984; Schmidt et al. 1985; Cilek & 
Knapp 1986; Sheppard & Hinkle 1986; Burg et al. 1995) or as a topical application 
(Harris 1964; Sheppard 1983). In the current study, formulated insecticides were 
used to determine resistance ratios. This method was chosen because of the simi- 
larity to formulations to which wild horn flies are normally exposed. 

The resistance ratios determined using this method tended to be higher than 
those reported by others. Unfortunately, the ratios in our study, cannot be di- 
rectly compared with those in the literature. Comparisons examining the various 
assay techniques and the formulated filter paper method by using identical sus- 
ceptible and field populations of horn flies have not been conducted. Also, many 
of these published studies are now several years old; horn fly populations have 
been under selection pressure and their current resistance status is unknown. 
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Elevation (m) 

! Fig. 2. Relationship between permethrin resistance ratios of horn flies at  differ- 
f ent elevations (1996). 
t 

The cattle a t  the USDA-ARS East Unit had not been exposed to insecticides 
for several years prior to this research, however, flies examined from this location 
had the highest permethrin (516.8) and diazinon (1.37) resistance ratios. A ranch 
adjacent to the USDA-ARS East Unit did, however, have a history of heavy 
insecticide use that included both a pyrethroid and an organophosphate. A history 
of this ranch is documented in Kaufman (1997). The highly resistant horn fly 
population detected at  the USDA-ARS East Unit may have originated on cattle 
shipped into Wyoming from areas with highly resistant horn fly populations or 
developed in the native flies on the adjacent herd. It  was not possible to assay the 
horn flies on this herd, thus it is not possible to determine whether this herd was 
a source of resistant flies to the USDA-ARS East Unit. 

Roush & Daly (1990) stated that insect dispersal from heavily treated habitats 
can increase resistance in lightly treated sites. Thus, it is possible to find rela- 
tively high frequencies of resistance a t  locations where hosts have not been 
treated. 

Sheppard &Joyce (1992) reported large increases in resistance ratios for pyre- 
throids in areas where lambdacyhalothrin was used from 1986 to 1990 in Georgia. 
This resistance-ratio increase was accompanied by an increase in ratios in their 
"no-pyrethroid area," which was 3 km from any known pyrethroid-treated cattle. 
Horn flies in nearby areas had remained susceptible during 6 yr (1980-1985) of 
pyrethroid (fenvalerate and permethrin) ear-tag use at  the testing location. Fol- 
lowing the use of cyhalothrin, however, the tolerance of the horn flies to fenval- 
erate increased significantly. Sheppard & Joyce (1992) attributed the resistance 
phenomena to long flights by biologically significant numbers of horn flies. 
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Elevation (m) 

Fig. 3. Relationship between diazinon resistance ratios of horn flies a t  different 
elevations (1995 and 1996). 

In a mark-release study, Sheppard (1994) reported observing marked horn 
flies at  distances of 5 km shortly after release. Kinzer & Reeves (1974) reported 
observing marked horn flies a t  distances as far as 11.8 km. However, as the 
distance from a source herd increases the likelihood of biologically significant 
numbers of horn flies locating the same herd of cattle will certainly decrease. In 
the Sheppard & Joyce (1992) study, fenvalerate resistance developed from flies 
emigrating from distances >3 km. The application of insecticides on the heifers 
adjacent to the USDA-ARS East Unit may have maintained a high level of re- 
sistance in those flies. Although emigration from additional ranches is possible, it 
is likely that the adjacent herd is the primary source of migrating flies, as there 
were no other permanently pastured cattle herds within 8 km of either ranch. 

It  was noted early in the 1996 horn fly season that permethrin resistance 
ratios of field-collected horn flies were 4 to 7 times greater than in 1995. Following 
a repeated examination of flies from the USDA-ARS East Unit on 2, 10, and 19 
July 1996 it was noted that the permethrin resistance ratio had increased from 
516.8 in 1995 to 2,056.9 in 1996. The susceptible standard base dosages deter- 
mined for permethrin in 1996 were identical to those from the previous year. 
Diazinon resistance ratios in field-collected horn fly populations did not show a 
corresponding increase from 1995 to 1996. Based on reexamination of bioassay 
procedures and resistance ratio comparisons of populations examined in both 
years, it would appear that permethrin resistance levels in horn fly populations 
had increased from the previous year. 
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4. Relationship between fenthion resistance ratios of horn flies at different 
elevations (1996). 

cal application assay in 1996. The permethrin resistance ratio obtained 
topical application (1,745.9) was very similar to that obtained using the 
paper assay (1,766.7). The similar results of both assay techniques on the 
two colonies of flies support the accuracy of the filter paper technique at 

doses with permethrin. 
is theorized that horn fly insecticide resistance development in Wyoming has 

n at each location, assuming the same dates for 
entry. In all probability, spring emergence occurs 

in the length of the breeding season between elevations. For every one horn 

Bevation (m) 
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Table 7. Accumulated degree-days >1O0C on selected dates at four loca- 
tions. 

Elevation (m)Â 

Year Date 1,200 1,800 2,100 2,400 

1995 1 May 122 73 32 18 
1 June 190 106 55 36 
1 July 428 275 169 139 
1 August 787 582 377 314 
1 September 1190 955 644 528 
30 September 1397 1120 760 624 
Rel. Time May I* 1.00 0.82 0.57 0.47 
Rel. Time June lb 1.00 0.84 0.58 0.49 
1 May 125 61 29 16 
1 June 265 159 103 76 
1 July 596 395 281 227 
1 August 960 709 538 442 
1 September 1316 991 747 63 1 
30 September 1511 1135 849 712 
Rel. Time May lb 1.00 0.77 0.59 0.50 
Rel. Time June lb 1.00 0.78 0.60 0.51 

Â¥Degree-day calculated from daily maximum and minimum temperatures 

fly generation completed a t  the 1,200 m elevation in 1995, only 0.47 generations 
were completed at  the 2,400 m elevation. This finding would indicate that horn fly 
resistance selection can occur over twice as fast a t  the lower elevation. 

Cattle grazed on forest allotments are likely to be ear tagged early in the 
season, often at  branding time, long before horn fly populations begin to increase. 
Because of this practice, much of the insecticide in the ear tag is released and lost 
before adult horn flies have emerged from diapause. The inaccessibility of cattle 
for treatment combined with reduced fly densities may discourage insecticide use 
a t  the high-grazing elevations throughout the state. 

The use of cattle ear tags has been strongly implicated in the development of 
horn fly resistance to several pyrethroids and to the organophosphate stirofos 
(Quisenberry et al. 1984; Sheppard 1984; Byford et al. 1985; Sparks et  al. 1985). 
Considering the small percentage of cattle treated with ear tags in Wyoming 
(Legg et al. 19921, similarly low horn-fly-resistance levels would be expected. The 
permethrin resistance ratios for horn fly populations in Wyoming do not support 
this conclusion, but the low resistance ratios for fenthion and diazinon do corre- 
spond with the low organophosphate use on Wyoming cattle. 

A relationship between elevation and resistance ratios was not detected in our 
study with any of the insecticides examined suggesting that factors other than the 
altitude a t  which cattle are grazed have a stronger influence on horn fly resis- 
tance development. Use of insecticides by ranchers without consideration of eco- 
nomic injury levels or production costs may have contributed to the lack of a 
statistical relationship. The hypothesis of lower resistance levels a t  higher eleva- 



KAUFMAN et al.: Horn Fly Insecticide Susceptibility in Wyoming 

Acknowledgment 

D. W. Watson and D. A. Rutz for critical reviews of the manuscriot. We thank 

Mas is based on the presumption that ranchers at  higher elevations with lower 
lam fly densities would be less likely to treat their cattle. Apparently, this is not 
he case, as evidenced by the insecticide use histories. Movement of cattle and 
keir flies from lower to higher elevations in the summer also may result in 
acreasing the resistance ratios at  higher elevations as well as horn fly dispersal 
Xthin and between various elevations. The movement of susceptible flies from 
feher to lower elevations is unlikely to have a reciprocal effect because cattle 
aually are not moved from the higher elevations until early October, at which 
hne flies have either died or entered diapause. 

B. Campbell and D. J. Boxler for their assistance with the Nebraska portionof the study, 
f' a d  M. A. Grubbs and N. R. Kumar for their help in the completion of this project. 

References Cited 

s' 
Jlen, J. C. 1976. A modified sine wave method for calculating degree days. Environ. 
? Entomol. 5: 388-396. 
(nice, W. G. 1964. The history and biology of the horn fly, Huemutobia irritans (L.), with 
, comments on control. North Carolina Agriculture Experiment Station Technical Bulle- 

tin, No. 157. 
brg, J. G., J. E. Cilek & F. W. Knapp. 1995. Variability of glass and filter paper 

insecticide-treated surfaces used to determine horn fly (Diptera: Muscidae) insecticide 
resistance. J. Econ. Entomol. 88: 654-658. 

word, R. L., S. S. Quisenberry, T. C. Sparks & J. A. Lockwood. 1985. Spectrum of 
insecticide cross-resistance in pyrethroid-resistant populations of Haematobia irritans 
(Diptera: Muscidae). J. Econ. Entomol. 78: 768-773. 

&ampbell, J. B. 1976. Effect of horn fly control on cows as expressed by increased weaning 
' weights of calves. J. Econ. Entomol. 69: 711-712. 
k ,  J. E. & F. W. Knapp. 1986. A field test kit for the determination of insecticide 

resistance in horn fly populations. J. Agric. Entomol. 3: 201-206. 
&ek, J. E. & F. W. Knapp. 1990. Pyrethroid resistance stability in horn flies - Kentucky. 

Pest Resist. Manage. 2: 21. 9% J. E., C. D. Steelman & F. W. Kaapp. 1991. Horn fly (Diptera: Muscidae) insec- 
h ide  resistance in Kentucky and Arkansas. J. Econ. Entomol. 84: 756-762. 

(bcke, J., Jr., R. Knutoon & D. K. Lunt. 1989. Effects of horn fly control with lambda- 
'" cyhalothrin ear tags on weight gains in weaning calves in Texas. Southwest. Entomol. 
;b4: 357-362. 
Bbrris, R. L. 1964. Laboratory tests to determine susceptibility of adult horn fly and stable 
4 fly to insecticides. J. Econ. Entomol. 57: 492-494. 
*ey, T. L., J. R. Brethour & A. B. Broce. 1984. Loss in effectiveness of insecticide ear 
\ tags for horn fly (Diptera: Muscidae) control. J. Kans. Entomol. Soc. 57: 715-717. 
Item, D. C., G. G. Kennedy & J. W. Van Duyn. 1990. Survey of insecticide resistance 

among North Carolina Colorado potato beetle (Coleoptera: Chrysomelidae) populations. 
J. Econ. Entomol. 83: 1229-1235. 

Ifoelscher, C. E. & R. L. Combs, Jr. 1971. The horn fly. 1. Seasonal incidence of diapause 

I in Mississippi. J. Econ. Entomol. 64: 256-259. 



J. Agric. Urban Entomol. Vol. 16, No. 2 (1999) 

Kaufman, P. E. 1997. Horn fly, Haernatobia irritans (Diptera: Muscidae), population den- - 
sity and insecticide resistance a t  selected elevations in Wyoming and Nebraska. PhD 
dissertation, University of Wyoming, Laramie. Sl 

Kinzer, H. G. & J. M. Reeves. 1974. Dispersal and host location of the horn fly. Environ. 
Entomol. 3: 197-111. S] 

Kinzer, H. G., W. E. Houghton, J. M. Reeves, S. E. Kunz, J. D. Wallace & N. S. 
Urquhart. 1984. Influence of horn flies on weight loss in cattle with notes on prevention 
of loss by insecticide treatment. Southwest. Entomol. 9: 212-217. 

m 

Klein, C.D. & J. L. Lancaster. 1992. Diapause of the horn fly in Arkansas. Southwest. 
Entomol. 17: 109-113. 

Kunz, S. E., J. A. Miller, P. L. Sims & D. C. Meyerhoeffer. 1984. Economics of control- 
ling horn flies (Diptera: Muscidae) in range cattle management. J. Econ. Entomol. 77: 
657-660. 

Kunz, S. E. & J. A. Miller. 1985. Temperature threshold for the development of diapausing 
horn flies. Southwest. Entomol. 10: 152-155. 

Kunz, S. E. & C. D. Schmidt. 1985. The pyrethroid resistance problem in the horn fly. J. 
Agric. Entomol. 2: 358-363. 

Legg, D. E., M. Ferrell, D. T. Taylor & D. L. Kellogg. 1992. Pesticide use in Wyoming, 
1990. University of Wyoming Cooperative Extension Service Bulletin RJ-211. 

LeOra Software. 1987. POLO-PC: a user's guide to probit or logit analysis. Berkeley, 
California. 

Lysyk, T. J. 1992. Simulating development of immature horn flies, Haematobia irritans 
irritans (L.) (Diptera: Muscidae), in Alberta. Can. Entomol. 124: 841-851. 

Lysyk, T. J. & R. D. Moon. 1994. Diapause induction in the horn fly (Diptera: Muscidae). 
Can. Entomol. 126: 949-959. 

Miller, J. A. 1977. A computer simulation of populations of the horn fly, Haematobia 
irritans (L.). PhD dissertation, Texas A&M University, College Station. 

Quisenberry, S. S., J. A. Lockwood, R. L. Byford, H. K. Wilson & T. C. Sparks. 1984. 
Pyrethroid resistance in the horn fly, Haematobia irritans (L.) (Diptera: Muscidae). J. 
Econ. Entomol. 77: 1095-1098. 

Robertson, J. L. & H. K. Preisler. 1992. Pesticide bioassays with arthropods. CRC Press, 
Boca Raton, Florida. 

Roush, R. T. & J. C. Daly. 1990. The role of population genetics in resistance research and 
management, pp. 97-152. In R. T. Roush & B. E. Tabashnik [Ed.], Pesticide resistance 
in arthropods. Chapman & Hall, New York. 

SAS Institute. 1992. Release 6.09. SAS Institute, Cary, North Carolina. 
Savin, N. E., J. L. Robertson & R. M. Russel. 1977. A critical evaluation of bioassay in 

insecticide research: likelihood ratio tests of dose-mortality regression. Bull. Entomol. 
Soc. Am. 23: 257-261. 

Schmidt, C. D., S. E. Kunz, H. D. Petersen & J. L. Robertson. 1985. Resistance of horn 
flies (Diptera: Muscidae) to permethrin and fenvalerate. J. Econ. Entomol. 78: 402-406. 

Sheppard, D. C. 1983. Stirofos resistance in a population of horn flies. J. Ga. Entomol. Soc. 
18: 370-376. 

.1984. Fenvalerate and flucythrinate resistance in a horn fly population. J. Agric. 
Entomol. 1: 305-310. 

. 1994. Dispersal of wild-captured, marked horn flies (Diptera: Muscidae). Envi- 
ron. Entomol. 23: 29-34. 

Sheppard, D. C. & N. C. Hinkle. 1986. A procedure for evaluation of horn fly, Haematobia 
irritans (L.), pyrethroid resistance by exposure to pyrethroid residues on glass. J. Agric. 
Entomol. 3: 100-102. 



KAUFMAN et al.: Horn Fly Insecticide Susceptibility in Wyoming 157 

1987. A field procedure using disposable materials to evaluate horn fly insecti- 
istance. J. Agric. Entomol. 4: 87-89. 
, D. C. & J. A. Joyce. 1992. High levels of pyrethroid resistance in horn flies 
: Muscidae) selected with cyhalothrin. J. Econ. Entomol. 85: 1587-1693. 
C., S. & Quisenberry, J. A. Lockwood, R. L. Byford & R. T. Roush. 1985. 

dde resistance in the horn fly, Haematobia irritans. J. Agric. Entomol. 2: 217- 

D., I. L. Berry & C. E. Morgan. 1974. Field developmental time of non- 
g horn flies in Missouri. Environ. Entomol. 3: 151-155. 


