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Studies on

The Behavior of the Horn Fly
Haematobia irritans (Linn.)

L. T. HARGETT and R. L. GOULDING

INTRODUCTION

In our constant struggle against harmful parasitic insects, it is no
longer sufficient to know only the life cycle of the insects, but rather
the whole complex pattern of the biology of parasites. Biochemical,
physiological, ecological, and behavior studies are of equal importance
in understanding parasites and initiating adequate control measures
against them. It is for this reason that the research project which is
reported here was designed to investigate more completely the behav-
ior of the horn fly, Haematobia irritans (Linn.).

The horn fly is a cattle parasite introduced into the United
States during the late nineteenth century. It spread rapidly from
the point of entry (apparently Philadelphia) throughout the rest
of the country. By 1900, it was found in almost every state as well as
in Puerto Rico and Canada. A similar pattern of distribution is now
occurring with the face fly, Musca autumnalis DeGeer.

The adult horn fly leaves the vicinity of the host only to oviposit
on fresh manure (possible exceptions will be discussed later). Eggs
hatch within 24 hours and the larvae pass through three instars, pu-
pating in the third instar larval skin in 3 to 5 days. Adult horn flies
emerge 8 to 21 days after oviposition, with the greatest number
emerging in 10 to 15 days, depending on the temperature. This para-
site apparently overwinters in the southern United States as an adult.
In the northern United States and Canada it overwinters as a dispaus-
ing third instar larva or as a pupa. For a complete review of the biol-
ogy of the horn fly see Hammer (1942) and McLintock and Depner
(1954).

Specific aims of this research were to determine if visual and
olfactory stimuli are important in orienting the insect with its host
and to determine what other factors might be important in this phen-
omenon of orientation.



REVIEW OF LITERATURE

Studies of visual responses of insects have proceeded in three
main directions: 1) Response of insects to various objects; 2) re-
sponse of insects to different wave lengths of light; and 3) response
of insects to light of different intensities. The first approach empha-
sizes the relationship between vision and the 'behavior of the insect.
The second is important in explaining the physiology of vision and
correlating it with the behavior of the insect. The last is important in
understanding the limitations and results of the other two approaches.

Various investigators have shown that insects can distinguish be-
tween different objects. Research by Bax (1937), Von Frisch (1953),
Kennedy (1939), and Sippell and Brown (1953) illustrates the main
techniques used in studying visual response of insects to various
objects.

Techniques involving behavioristic and electrophysiological phe-
nomena have been used to study response of insects to light of differ-
ent wave lengths. Mast (1917), Bertholf (1931a and 1931b), and
Von Frisch (1953) used the behavioristic approach to show that in-
sects can distinguish certain colors. Electrophysiological studies ini-
tiated by Jahn (1946) and used later by Walther (1957, 1958, and
1959) and Goldsmith (1958 and 1960) in general support results of
behavioristic studies.

Most research on the visual threshold of insects to white light has
been conducted in conjunction with experiments on the spectral sen-
sitivity of insects. Herms (1911) found that blow-fly larvae did not
respond to light below 0.00007 meter candles. Bertholf (1931a), Gold-
smith (1958), and Heintz (1959) found that a straight line relation-
ship exists between response of an insect and the logarithm of the in-
tensity of light until a maximum is reached. Similar results were ob-
tained for all regions of the spectrum tested. An increase in light
intensity did not appreciably alter response of insects studied by De-
Wilde and Pet (1957) and Ballard (1958). This apparent conflict
probably occurred because the later workers used light intensities above
the point where maximum response of insects would occur.

For a more complete review of visual responses of insects see the
following authors: Mast (1917), Bertholf (1931 a & b), Weiss
(1943 and 1946), Dethier (1947 and 1957), Roeder (1953), Ballard
(1958), and Von Frisch (1960).

Olfactory responses of insects have not been as widely studied
as visual responses. The tsetse fly, Glossina swynnertoni, responded
to the odor of an ox at 110 and 180 feet but not at 300 feet (Bax,
1937). Aedes mosquitoes were attracted to an opaque, perforated
plastic box which contained a mouse and were not attracted to a sim-
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ilar empty box (Sippell and Brown, 1953). Von Frisch (1954) was
able to train honey bees to distinguish certain odors by placing an
odorous substance in food. Later, when offered a choice of foods of
different odors, the bees selected the one on which they had been
trained.

The buffalo fly, Lyperosia exigua (de Meij.), was attracted to
the odor of buffalo manure, cow manure, and horse manure, in that
order (Krijgsman and Windred, 1933). Flies were placed in a cage
containing two tubes which entered from opposite sides of the cage.
One tube contained the test substance and the other the control sub-
stance. Buffalo flies were also attracted to fresh manure which had
been covered with a cloth, thus verifying the results obtained with the
choice chamber. Cragg (1956) and Cragg and Cole (1956) found
that a substance in wool, the "wool factor," was an attractant for
Lucilia sericata (Meigen). The apparatus used in their experiments
was a choice-chamber arrangement.

Mclndoo (1933) used a choice chamber modified so that air flow
and concentration of test material could be regulated. He found that
blowflies were attracted to milk, lactic acid, lactose, and casein. Aedes
mosquitoes were attracted to low concentrations of sweat and repelled
by high concentrations (Brown, Sarkaria, and Thompson, 1951). The
technique used was similar to that used by Mclndoo (1933).

A modified Y-type olfactometer with temperature, light, and
humidity controls was designed by Schwertferger (1957) to test ol-
factory responses of stable flies. Flies were attracted to secretions
from 12 of the 21 hosts tested. Wigglesworth (1941) used the split-
area test in studying the olfactory response of the human louse, Pedi-
culus humanus corporis DeGeer. Odor of a human was preferred over
the control, as was the odor of a rabbit. Human odor, however, was
preferred over rabbit odor. By a similar technique, female Aedes mos-
quitoes were found to be attracted to fresh cattle blood (Brown, Sar-
karia, and Thompson, 1951).

For a more complete review of olfactory responses of insects see :
Wigglesworth (1941), Dethier (1947 and 1957), and Roeder (1953).



FIGURE 1. Apparatus used for testing visual responses of the horn fly.
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PROCEDURES

Rearing and handling horn flies
Procedures for rearing the horn fly under controlled conditions

have been reported by Hargett and Goulding (in press). Except
where noted, flies used in these experiments were 2 to 3 days old
and had been allowed to feed on a sugar-water solution which in-
creased survival time off the host. The flies were then cooled to reduce
activity and were counted into replicate lots for testing. No attempt
was made to select for sex, but flies of abnormal size were not used.

Visual responses of horn flies
Field studies. Research was begun during summer 1959 to

determine factors responsible for attracting the horn fly to its host.
During this series of experiments, the role of vision was investigated.
Other factors were controlled as far as field conditions would permit.
Experiments were designed so that flies could orient in relation to a
test object (a steer, sheep, man, or artificial object) or to a similar
background with no test object.



A circle with a radius of 14 feet was marked off in the center of
a pasture (Figure 1). Steel fence posts were placed around the cir-
cumference of the circle so that 4-x 8-foot plywood panels could be
inserted to make a uniform background of the desired color. One side
of the panel was painted white, the other black. The black sides faced
the center of the circle during this series of experiments because in
tests with a steer higher F values were obtained with a black back-
ground than with a white one (Table 1).

Table 1. ATTRACTIVENESS OF VARIOUS OBJECTS TO THE HORN FLY

Total number Total number
of flies to of flies to

quadrant con- vacant F
Object tain;ng object quadrant value

Steer
(Black background) 944 344 84.3638'

288 78 44.310 2

Steer
(White background) 374 123 20.037

Sheep 148 122 1.5550
215 199 03926

Man 177 168 0.3111
299 241 0.0357

Artificial object 218 211 0 1068
193 194 0.0036

1 d.f. = 1 and 33, F os = 4.1709.
2 d.f. = 1 and 6, F .o5= 5.9874 applies to all tests below.

A separator with three leaves made from 4-x 8-foot sheets of
plywood hinged together at one end, was placed so that the hinged end
was at the center of the circle (Figure 1). The entire separator was
adjusted after each trial so that the center leaf was perpendicular to
the direction of the sun and each quadrant received approximately the
same amount of light. The right quadrant received slightly more illum-
ination than the left due to movement of the sun during each trial.
Statistical analysis, however, confirmed that the left and right quad-
rants were not significantly different.

The object to be tested for its attractiveness to the horn fly was
placed next to the fence in one quadrant and the other quadrant was
left vacant. A box shaped like a right triangle with two sides made of
glass was placed on the separator at the hinged end, one glass side fac-
ing each quadrant (Figure 2).



FIGURE 2. Box used for testing visual responses of the horn fly.

Twenty horn flies collected from the host were released into the
vision box which was then sealed to eliminate odor or other factors.
The box was then shaken to prevent orientation before it was put into
position. The flies were allowed 1 minute to orient after being put
into position, and the number on each window was recorded every 2
minutes thereafter for a total of 10 observations.After the tenth ob-
servation,the box was removed, shaken, and turned upside down. The
test object was moved to the other quadrant; the box containing the
same 20 flies was replaced, and the same procedure was repeated. At
the end of this trial, the flies were released and 20 fresh flies were
placed in the box which was again sealed. The same procedure was
followed for a total of three complete trials. The entire experiment
was repeated for each test object at a later time. Objects used included
a white yearling Shorthorn steer, a Hampshire X Romney sheep, a
youth dressed in white clothing, and a white movable plywood rec-
tangle with a lateral surface area approximating that of the steer.

Results of these experiments are shown in Table 1. The number
of flies orienting toward the steer was approximately three times the
number orienting toward the vacant quadrant. F values for these data
show that these differences are highly significant. In contrast there
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was little difference between the number of flies orienting with re-
spect to the sheep, the man, or the artificial object and the vacant

quadrant.

From these results, it can be concluded that radiation was a sig-
nificant factor in attracting the horn fly to the steer. Whether the radi-
ation was from the visible or invisible regions of the spectrum was not
determined. The horn fly was able to distinguish its host from other
objects at a distance of at least 12 feet when possible influences of
odor and other physical factors were controlled. Mass and motion ap-
parently were not significant factors in attracting the horn fly at close
range.

Response to white light. It was evident from preliminary ex-
periments and casual observations that horn flies are positively photo-
tactic. The intensity of light to which they responded, however, was
not known. In order to determine the threshold of response to light,
methods were developed to subject the insect to white light of differ-
ent intensities.

A triangular box approximating a right triangle was constructed
so that the hypotenuse was about 16 inches long. The box was 5.5
inches deep and the top was hinged to form a light-proof lid. A hole
1 inch in diameter was drilled in the center of each side (Figure 3).

FIGURE 3. Apparatus used in studying responses of
horn flies to white light of different intensities.



A trap made from 15/16-inch glass tubing 2 inches long and wrapped
with black plastic tape was inserted into each hole. A funnel-shaped
piece of glass with the smallest end having an opening a inch in diam-
eter was inserted into the glass tube so that the large opening faced
the inside of the box and the small opening faced the outside. This
funnel prevented flies from returning to the main portion of the box
once a choice had been made. A number 0 cover glass was taped over
the outside of the hole to prevent the flies from escaping from the
trap to the light.

The following sources of light were used : General Electric 7.5,
40, 75, and 100 watt frosted incandescent lamps and a 40 watt daylight
fluorescent lamp. A General Electric uncorrected foot-candle meter
was used to measure intensity of light. Desired light intensities were
obtained by varying the distance between light source and test box.
The box reduced the intensity of light by a factor of 2.3. All meter
readings were divided by this factor. Relative accuracy of the meter
was checked by comparing it with other foot-candle meters. A water
filled aquarium 52 inches deep by 6 inches high and 9L inches wide
was placed between the light source and the window of the box to act
as a heat filter (Figure 3). All experiments were conducted in a dark
room.

The box was placed at a distance from the light source necessary
to obtain desired intensity at the window. A vial containing 20 horn
flies was placed upside down in the box. The lid of the box was sealed
and one window was turned toward the light source. The other win-
dow was covered with a piece of opaque plastic and served as the con-
trol. When all adjustments had been made, the box was tilted so flies
were released from the vial. Flies trapped in the test and control traps
were counted at the end of 10 minutes. These flies were removed and
20 fresh flies were placed in the box and the procedure was repeated
4 more times. After the fifth replication, the positions of the windows
were reversed and the same procedure was again repeated 5 times for
a total of 10 replicates. Light intensities within the range of 0.004 to
98.0 foot-candles were tested.

Results of these experiments are given in Table 2. The threshold
of response of the horn fly to white light is below 0.004 foot-candles.
This is in general agreement with Herms (1911) who found the
threshold of Lucilia and Caliphora larvae to be 0.0007 and 0.00007
foot-candles, respectively. DeWilde (1958) found the threshold of
Leptinotarsa decemlineata Say to be below 0.009 foot-candles. A
linear relationship exists between logs of the intensities and percent
response of horn flies in the intensity range of 0.004 to 0.7 foot-
candles. Above 0.7 foot-candles a point is reached where an increase
in intensity does not cause a corresponding increase in response (Fig-
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ure 4). These results are in agreement with Bertholf (1931), Gold-
smith (1958), DeWilde and Bonga (1958), and Heintz (1959) for
other insects.

Table 2. RESPONSE OF HORN FLIES TO WHITE LIGHT OF DIFFERENT
INTENSITIES

Illumination in
foot-candles

Percent
response

Type of light
used

004 13 G. E. 7.5 watt whitebulb
.004 11 G E. 7 5 watt white bulb
.007 14 G. E. 7.5 watt white bulb
.011 15 G E. 7 5 watt white bulb
.011 14 G. E. 7 5 watt white bulb
.02 19 G. E 7.5 watt white bulb
.07 25 G. E 7 5 watt white bulb
.07 26 G. E 7.5 watt white bulb
.2 35 G E. 7.5 watt white bulb
.2 32 G. E. 7.5 watt white bulb
.7 42 G. E. 7 5 watt white bulb

1.1 53 G. E. 7.5 watt white bulb
1.1 55 G. E. 7.5 watt white bulb
29 69 G. E. 40 watt daylight fluorescent
5 56 G. E. 40 watt frosted incandescent

11 49 G. E. 40 watt daylight fluorescent
11 69 G. E 40 watt daylight fluorescent
20 60 G. E. 75 watt frosted incandescent
44 61 G E. 40 watt daylight fluorescent
70 66 G. E. 100 watt frosted incandescent
98 58 G. E 100 watt frosted incandescent

Response to light of different wave lengths. Spectral studies
were initated to determine the quality of light to which the horn fly
would respond. A box of the same type described in the previous sec-
tion was constructed. Access was through the back, and inside and
outside surfaces were painted flat black. Sliding door traps operated
from the outside of the box were constructed for each 1-inch diameter
window. Spring leaves were attached on either side of each window to
hold filters tightly against the box.

Light of desired wave lengths was obtained by the use of narrow-
band-pass filters. Filter numbers, transmission range, and the mid-
point of the transmission range are given in Table 3. Ultraviolet radi-
ation was obtained by using a General Electric 40 watt blacklight BL
fluorescent lamp as the source. Radiation in the visible region was ob-
tained by using a General Electric 40 watt daylight fluorescent lamp
and far red and infrared radiation with a 100 watt frosted General
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Electric incandescent lamp. Light intensities were measured with a
General Electric uncorrected foot-candle meter. Light passing into the
box through either window was reduced in intensity by a factor of 2.2.
Using this factor, distance between light source and each filter suffi-

FIGURE 4. Response of horn flies to white light of different intensities.
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cient to produce an intensity of 2.5 foot-candles at the window was
determined. The 2.5 foot-candle level was used for each wave length
because it was well above the point at which white light caused maxi-
mum response (Figure 4).

When an experiment was to be conducted, the box was placed so
that a window and filter faced the light source. The other window, at
right angles to the light, was blacked out by a piece of black felt. A
vial containing 20 horn flies was placed top down inside the box. The
box was then sealed, the trap doors were opened, and the flies released.
At the end of 10 minutes the doors were closed, and the flies caught
in the space behind them were removed with an aspirator and counted.
This procedure was repeated five times using fresh flies for each rep-
licate. When the fifth replicate was completed, the position of the win-
dows was reversed by rotating the box. Fresh horn flies were re-
leased and the procedure was again replicated five times. The experi-
ment was repeated at another time for each wave length, giving a
total of 20 replications.

Horn flies responded most strongly to the ultraviolet and violet
and only slightly less strongly to the blue and green regions of the
spectrum. Yellow and orange were only about half as attractive as the
ultraviolet through green regions, while red and infrared were least
attractive to the horn fly (Table 3). These results are in agreement
with the results of Von Frisch (1960) with the honey bee, Ballard
(1958) with the stable fly, Goldsmith (1958) with the blow fly (Phor-
mia regina), and Mazokhin-Porshniakov (1959) with the dragon-fly.

Table 3. RESPONSE OF HORN FLIES TO LIGHT OF DIFFERENT WAVE
LENGTHS'

Filter Transmission Mid-point of Region of Percent
number

Corning

range in mu range in mu spectrum response

7-83
Kletts

350-390 370 Ultraviolet 62.4

42 400-450 425 Violet 621
47 445-505 475 Blue 592
52 485-550 518 Green 59.6

54 520-580 550 Green 576

56 540-590 565 Yellow 344
59 565-630 598 Orange 33 5

62

Corning
590-660 625 Orange 28.7

2-106 670-infrared 720 Red 171

' An intensity of 2.5 foot-candles was used for each filte,.
2 Control trap contained 1 2% of flies.



Since response levels in the yellow-orange regions are about half
those in the violet-green regions, it is possible they represent the re-
sponse of only one sex. This is unlikely, however, as Ballard (1958)
and Dorner and Mulla (1961) obtained similar response curves for
both sexes of Stomoxy calcitrans and Hippelates collusor, respectively.

Response to areas of contrast. Preliminary observations indi-
sated that horn flies were attracted to dark surfaces. In order to verify
these observations methods were developed to measure responses to
areas of contrast. Containers to hold flies were constructed from top
halves of wide-mouth gallon jars. Cheesecloth was stretched over the
end opposite the lid and fastened to the jar with plastic cement (Fig-
ure 5). Three types of patterns with contrasting areas were made
from 14-inch by 2k-inch cover glasses : 1) A cover glass covered with
black plastic tape as the test pattern with a clear cover glass as the
control; 2) black plastic tape around the edges of a cover glass with

FIGURE 5. Container used in studying response of
horn flies to areas of contrast, heat, and odor.

4



2
3

-I

6

3
4

6

the center area remaining as a clear control area ; and 3) white paper
glued to one half of a cover glass with black plastic tape over the
other half. In one experiment the cover glass with the clear center
was placed on -4-inch high clear plastic legs in order to eliminate any
effect of contact with the glass surface. In all other experiments cover
glasses were placed glass side down on cheesecloth.

Fifty adult horn flies were placed in each of two containers. The
container of flies to be tested was placed on a table about 36 inches
below a 32 watt General Electric circline fluorescent lamp. Experi-
mental patterns were placed on the center of the cheesecloth top.

Table 4. RESPONSE OF HORN FLIES TO AREAS OF CONTRAST

Type of Number of flies Number of flies
Replication' contrast on black on control

Clear slide vs.
black slide

1

2
3

4
Clear area vs
black area

1

2

3

4

Clear area vs.
black area, no
contact

White vs black

Clear area vs black

area, light and
pattern vertical

1

2

86 26
173 84
183 4
315 16

97 4
128 2
275 22
238 0

56 8
101 0

86 1

133 4

25 0

72 1

60 1

88 5

90 5

90 49

89 9

65 20

127 13

183 11

' Each replication represents 10 observations with 50 flies per observation
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IN umbers of ties on the control and test areas were recorded every
minute for 10 minutes. At the end of 10 minutes the second container
was substituted and the procedure repeated and so on until the end of
the experiment. Location of the pattern was alternated for each repli-
cate so that bias due to position would be reduced to a minimum. In
order to determine if horn flies were attracted to an area of contrast
located vertically with respect to gravity, a jar was turned on its side
and the pattern with the clear center was taped to the cheesecloth.
Light was also directed from the side, behind the pattern.

Results of experiments to determine response of horn flies to
contrasting areas are given in Table 4. In all patterns tested, black
was much more attractive to the flies than clear or white areas (Fig-
ure 6). Black was least attractive when it was compared with a white
rather than a clear area. This was to be expected, however, because
the translucent white cast a slight shadow while the clear area of the
slide formed no detectable shadow. Horn flies were still attracted to
black when there was no opportunity for contact with the slide. Flies
were attracted to black patterns in either vertical or horizontal posi-
tions provided a light source was located behind the patterns. These

FIGURE 6. Response of horn flies to areas of contrast.
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results are in agreement with previous results showing that horn flies
are attracted in greater numbers to a white steer against a black back-
ground than to a white steer against a white background (Table 1).

Olfactory responses of horn flies
Attempts to investigate olfactory responses of horn flies with the

aid of a Y olfactometer did not succeed. A modification of the pro-
cedure used in the previous section proved more useful. The same
glass containers described in that section were used in the olfactory
experiments (Figure 5).

One hundred horn flies were put in each of two glass containers.
Odorous materials and control materials were each placed in the bot-
toms of the 1-ounce aluminum cups. If the material to be tested was
black hair, it was placed in the bottom of the test cup and black thread
in the bottom of the control cup. When white hair was tested, white
spun glass was placed in the control cup. Extracts made by washing
bovine hair were also used. These were placed on white filter paper
in the bottom of the test cup with a filter paper control in the other
cup. A portion of the material used in the control was always put in
the test cup along with the test materials. To insure a uniform back-
ground, two layers of cheesecloth were placed over both test and con-
trol materials.

The extract tested was made by washing bovine hair with a sol-
vent containing 95% ethyl alcohol, 1% ethyl ether, and 4% water.
The solution was poured into a petri dish containing a filter paper and
evaporated until all traces of solvent were removed. Hair used in all
experiments was obtained by clipping different areas of the host.

One of the containers with the flies was centered beneath the 32
watt circline fluorescent lamp described in the previous section. Light
intensities for all areas of the top of the container were the same.
Cups containing test material and the control were inverted opposite
each other on the top of the container (Figure 5). In order to elim-
inate bias in making the observations, the cups were marked A and B
and the observer was unable to further identify them until the end of
the experiment. After the cups were positioned, the number of flies
under each was recorded at the end of 2 minutes. Horn flies were then
scattered by blowing on the top of the container after the cups were
removed. Test and control cups were then replaced 90° clockwise
from their former positions. This procedure was continued for a total
of 12 observations in each replication. Six replications with 12 ob-
servations each were made for each material tested. All experiments
were repeated twice, except the one involving extract from bovine hair.

Some factor associated with bovine hair clippings is an olfactory
stimulus to the horn fly. Results given in Table 5 show that horn flies



Table S. RESPONSE OF HORN FLIES TO ODOR OF HAIR CLIPPINGS

Total number of
Replication' flies to clippings

Total number of
flies to control

Black steer F = 80 5476'
1 148 137

2 308 182

3 281 164

4 351 193

5 284 176

6 362 217

7 240 207

8 249 159

9 220 146

10 218 161

11 215 136

12 181 131

White steer F = 27 101'

1 271 210

2 272 279

3 309 234

4 294 280

5 286 259

6 289 250

7 275 270

8 277 233

9 281 216

10 289 209

11 249 200

12 233 191

I Each replication represents the sum of 12 observations with 100 flies per observation.
22f.=1 and 11,Fos=48443.

Table 6. RESPONSE OF HORN FLIES TO EXTRACT FROM BOVINE HAIR

Replication'

CLIPPINGS

Total number of
flies to extract

Total number of
flies to control

1 324 285

2 183 170

3 255 208

4 206 167

5 229 175

6 180 123

F = 41 2924, d.f. = 1 and 5, F os = 6.6079

Each replication represents the sum of 12 observations with 100 flies per observation,

is



FIGURE 7. Response of horn flies to odor: right, hair clippings; left, control.

were attracted to hair removed from both a black and a white steer
(Figure 7). In a statistical analysis of the data using the F test, it was
found that the number of flies attracted to hair clippings was signifi-
cantly greater than the number attracted to the control. This attrac-
tive substance may be removed from the hair with a solution of ethyl
alcohol and ether. Significantly more flies were attracted to the extract
than to the control (Table 6). Flies were not attracted to either clip-
pings or control materials placed inside the container in the opposite
direction from the light. It would thus seem that light is the main
stimulus and that odor is a secondary stimulus.

Other responses of horn flies
Response to heat. Apparatus and response evaluation tech-

niques used in the olfactory experiments were also used in heat stud-
ies. In addition a YSI Thermistemp tele-thermometer with surface
probe number 409 was used to measure surface temperature of the
two aluminum cups. Two experimental designs were used in this in-
vestigation. The first compared response of the flies to a 70° F. con-
trol and a cooling heated surface. The second compared response of
the flies to a 70° F. control and a series of constant temperatures.



Fifty horn flies were placed in each of four containers. Each cup
was filled partially with cold water ; then enough hot water was added
to bring the surface of one cup to 70° F. and the other to 125° F.
Both cups were placed on the cheesecloth top of the container about
an inch apart. The number of flies under each cup was recorded as the
temperature of the test cup dropped through a range of 120° F. to
75° F. This procedure was repeated with each of the four containers
of flies. The relative position of the cups was alternated each time.

The second design was similar to the first except that tempera-
tures compared to the 70° F. control were 70, 75, 85, and 95° F. The
number of flies under each cup was recorded after 1 minute, the time
required for the thermister probe to stabilize. When counts were
made, both cups were removed and enough hot water was added to
bring surface temperature of the cups to the next desired temperature.
Three containers of flies were used and the series of temperature com-
binations was tested five times in each container.

Horn flies were attracted to surfaces heated as high as 107° F.,
but they were repelled by those heated to 110° F. or above (Table 7
and Figure 8). At above optimum temperatures, flies congregated at
the edge of the cup and probed extensively but did not encroach on
the heated surface. When given a choice between two surfaces heated
to 70° F., approximately the same number of flies went to each sur-
face. If given the choice of 70° F. and a warmer surface, most flies
chose the warmer surface (Table 8). Threshold of response of the
horn fly is apparently very narrow as the fly is attracted to a surface
heated to 107° F. but not to one heated to 110° F. In preliminary ex-

Table 7. RESPONSE OF HORN FLIES TO HEATED SURFACES

Degrees
F

Total number Total number
to heat' to control'

Percent to
heat3

Percent to
control

120 0 0 0

115 0 0 .5

110 2 1 5

107 28 14 30
105 36 18 2.5

103 59 30 3.5

100 72 36 4.5

97 66 33 3.0

95 76 38 30
90 82 41 15
85 58 29 3 5

80 64 32 2.0

75 64 32 45

1 Each total is the sum of 4 replicates with 50 flies per replicate
2 Temperature of control was 70° F
3 Percent of total number of flies for four replicates.
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Total: §3 77
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Table 8. NUMBER OF HORN FLIES RESPONDING TO SURFACES WITH
CONTRASTING TEMPERATURES

Temperatures tested (F.')

Replication' 70 vs 70 70 vs. 75 70 vs 85 70 vs 95

1 73 71 56 96 29 115 29 115

2 21 32 21 67 12 83 12 77

3 53 59 23 89 22 115 36 103

147 162 100 252 313 295

' Each replication represents 5 observations with 50 flies per observation.

periments there seemed to be no difference in number of flies at-
tracted to a warm moist surface and a warm dry surface; therefore,
all heat experiments described above were conducted using dry
surfaces.

Horn flies were not attracted to heated surfaces which were
placed in a direction away' from the light. As with olfaction, heat
stimulus seems to be a secondary stimulus and light a primary stim-
ulus. Since heat, even 75° F., initiated probing, it may be considered
to be at least a feeding stimulus.

FIGURE 8. Response of horn flies to heat: right, heated surface; left, control.



Table 9. RESPONSE OF HORN FLIES TO GRAVITY

Replication' Number negatively
geotactic

Number positively
geotactic

1 15 5

2 15 5

3 20 3

4 20 6

5 17 2

6 34 1

7 41 1

8 25 3

9 39 0

10 35 1

F=39426,d.f.=land 9, Fo,=51174
1 100 flies per replicate.

Response to moisture. Preliminary experiments were conducted
to determine if horn flies were attracted to moisture. The flies used in
these experiments were aged flies recently removed from the host. A
Y-type olfactometer apparatus was adapted to these studies. Air was
drawn into each arm through activated charcoal to remove odor and
then through anhydrous calcium sulfate to remove moisture. Prelim-
inary tests were conducted to determine if one arm of the Y-type
olfactometer was more attractive to the flies than the other. In this
test no moisture was added to the air in either arm. When properly
adjusted and leveled, there was no significant difference in numbers
of flies going to either arm of the apparatus. To determine if horn
flies were attracted to moisture, air having a relative humidity of 88%
was passed through one arm, while in the other arm relative humidity
was reduced to 19%. Temperature of the air and water used in the
apparatus was held at 72° F. Air flow was 250 cubic centimeters per
minute.

There was no significant difference in the number of flies going
to the arm containing moist air and the arm containing drier air. This
is in agreement with the previous section where horn flies were found
to respond as readily to moist or dry heated surfaces. These observa-
tions do not preclude the possibility that under other conditions horn
flies may respond to moisture.

Response to gravity. In preparing the Y-type olfactometer for
use in the preceding studies, it was observed that the number of flies
entering one arm could be increased by elevating it slightly more than
the other. An experiment was conducted to determine if this could
have been a response of horn flies to gravity. Apparatus for this study
was constructed from two wide mouth gallon jars connected by taping
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their tops together (Figure 9). A hole about 2 inches in diameter was
cut in the center of each top to allow movement of flies from one jar
to the other. Two containers of this type were constructed.

Fifty adult horn flies were placed in the top section of each con-
tainer. Illumination in each section was balanced so that movement of
flies was not markedly influenced by light while the test was being set
up. The test was begun by turning out the lights and inverting one of
the containers. At the end of 10 minutes the light was turned on, and
the number of flies in the top and bottom of each container was re-

FIGURE 9. Jars used in determining response of horn flies to gravity.



corded. This procedure was repeated five times. Then position of
containers on the table was reversed and the procedure again re-
peated five times.

In all instances a significantly greater number of flies went from
the bottom container to the top container than from the top container
to the bottom container (Table 9).

Dispersal of horn flies. On every occasion when the horn fly
colony was observed in dim light after the room lights had gone off
at night, a large number of flies were seen away from the host. Many
flies were on the walls and ceiling of the rearing room as well as on
the floor. This lends support to the theory that vision is the main fac-
tor in association of the horn fly with its host. Apparently the flies
leaving cattle are unable to relocate the host in the absence of light,
and olfactory and heat stimuli are not adequate substitutes. When the
light system was turned on, the flies returned, either directly or by
first going to the light then to the host. When freshly emerged flies
were released within a few inches of the animal, most flies flew to the
light then back to the host rather than directly to it. Dispersal of flies
from the host during darkness might be an important factor in the
distribution of horn flies between animals as well as between herds.
This problem should be further investigated to determine the import-
ance of this behavior pattern under natural conditions.

RESULTS

Experiments with visual, olfactory, and heat stimuli produced
positive responses in horn flies. Distance thresholds for these re-
sponses were not determined.

As previously noted, all insects used in the laboratory experi-
ments except in the experiments with moisture were freshly emerged
flies which had been fed honey water. Experiments should be con-
ducted to determine differences in responses of freshly emerged flies
and aged flies removed from the host. As the adults age, certain be-
havior changes can be expected ; however, these changes need not
change the process of host selection.

Review of the literature provides considerable data on responses
of other insects, particularly Diptera, under experimental approaches
similar to those used in this study. They point to the probability that
the nature and thresholds of responses to such stimuli as light inten-
sity, wave length, and heat are common to much of the order and not
the horn fly alone. Interspecific differences in behavior of adult biting
flies in relation to their hosts may be more closely associated with such
fundamental biological problems as host specificity and availability



and nature and distribution of the larval medium rather than any real
differences in neuro-motor responses to primary stimuli.

Results of this research indicate that vision is the most important
factor in orientation of the horn fly with respect to its host. The prob-
able series of events from emergence of the parasite to its establish-
ment on the host are as follows : Light stimuli and a negative geotaxis
lead the fly from the site of emergence into the air. Once in the air it
flies toward the light until areas of contrast in the visual field partially
override the light stimulus. When flying toward areas of contrast,
sight of the specific host stimulates a strong motor response and the
fly goes more or less directly toward it. If all conditions are favorable,
the insect lands on the host.

Heat from the host stimulates the insect to probe and feed. After
the horn fly has fed, odors and heat keep the fly near the animal. Once
the fly leaves the near vicinity of the host, vision must be used to
relocate it. Olfaction and heat apparently are not adequate substitutes
for visual stimuli, and at night absence of this stimulus may promote
movement of the horn fly among herds of cattle as well as between
individual animals.

SUMMARY AND CONCLUSIONS

Adult horn flies were able to distinguish visually between a steer
and a control area with a common background at a distance of 12 feet.
They did not distinguish between a sheep, man, or artificial object and
a control area. The response threshold of the fly to white light was
less than 0.004 foot-candles. A linear relationship exists between the
percent response of the flies and the log of the intensity up to 0.7
foot-candles. Maximum response was obtained with an intensity of
1.1 foot-candles and above.

Spectral responses of horn flies were investigated by use of a
choice box and appropriate narrow-band-pass filters with the proper
light source. Strongest responses were obtained with filters transmit-
ting wave lengths of 550 mu and shorter. Responses to wave lengths
between 565 and 625 mu were about half as great as responses to
shorter wave lengths. There was no response to light of 670 mu and
above.

Horn flies were attracted to areas of contrast. In all instances
more flies congregated on the dark than on the clear or white portions
of the test surfaces.

Odors from hair of the host as well as from an extract made by
washing bovine hair were significantly more attractive to flies than
were the controls. Horn flies were found to be attracted to the warmer



of two surfaces with contrasting temperatures ranging from 70° F.
to 107° F. They were repelled by surface temperatures of 110° F. or
above. Heat initiated a probing response at all temperatures tested.
Evidence is presented to show that these insects are negatively geo-
tactic. The idea that horn flies remain on the host at all times excep
during oviposition is questioned, and it is considered that vision is the
most important factor in orientation of the fly with respect to its host.
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