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ABSTRACT

Field mortality of horn flies caused by the arthropod community was tested by
seeding colony-reared horn fly (Haematobia irritans L.) eggs underneath artificial
cattle pats placed in the field and collecting the emerging flies using cone traps. Mean
numbers of horn flies that emerged from pats exposed to the whole arthropod commu-
nity during the developmental period of the immature stages were significantly lower
than those from pats isolated from all members of the community except Solenopsis
invicta Buren. The community-caused mortalities of horn flies were 75.9% and 66.7%
in July and August 1992, respectively, with an overall average of 71.3%. Predation by
S. invicta raised mortality to at least 93.9%. These results suggest that the other ar-
thropods in cattle dung played an important role in reducing horn fly populations in
north-central Florida.
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RESUMEN

Fue evaluada la mortalidad de la mosca Hematobia irritans L. causada por artré-
podos depredadores en estiércol rociando huevos de H. irritans en tortas de estiércol
artificial. Las tortas de estiércol fueron luego expuestas a la comunidad de artrépodos
o0 aisladas de forma que los artrépodos, con la excepcion de Solenopsis invicta Buren,
no tuviesen acceso a ellas. Las moscas sobrevivientes de cada una de las tortas fueron
capturadas en trampas de embudo. EI niumero promedio de moscas obtenidas en las
tortas de estiércol expuestas a toda la comunidad de artrépodos fue significativa-
mente mas baja que el de las tortas aisladas de la comunidad de artrépodos. La mor-
talidad de campo causada por artrépodos fue de 75.9% y 66.7% en Julio y Agosto de
1992, respectivamente, con una mortalidad promedio total de 71.3%. La depredacion
por S. invicta aumenté la mortalidad al nivel del 93.9% por lo menos. Los resultados
obtenidos sugieren que otros artrépodos en el estiércol juegan un papel muy impor-
tante en el control poblacional de la mosca en la region norte centro de la Florida.

The horn fly, Haematobia irritans L., is a widespread, economically important pest
of cattle (Morgan & Thomas 1974, 1977). The blood loss and annoyance due to bites of
the adult flies cause a reduction of weight gain to cattle. Annual losses to the cattle in-
dustry in the United States attributed to this pest have been estimated to reach $870
million (Kunz et al. 1991). In Florida, Butler (cited in Hogsette & Koehler 1986) esti-
mated an annual loss of about $61 million from horn flies. Control of this pest typi-
cally has been by using chemical insecticides, but widespread insecticide resistance
has occurred throughout the country (Sheppard 1990). In addition, residues from
feed-through insecticides used for controlling dung-inhabiting flies adversely affect
the abundance of biological control agents in dung (e.g., Scarabaeidae and Staphylin-
idae) (Fincher 1992, Madsen et al. 1990, Wall & Strong 1987).
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Horn fly larvae are coprophagous and develop only in fresh cattle dung (Macqueen
& Beirne 1975, Skidmore 1991). The dung arthropod community has been shown to
reduce horn fly populations in the USA (Blume et al. 1970, Thomas & Morgan 1972,
Kunz et al. 1972, Roth 1989), Canada (Macqueen & Beirne 1975) and Australia (Fay
et al. 1986, 1990). In Florida, Escher (1977) and Butler et al. (1981) reported parasit-
ism of horn flies, but there have been no studies on the effect of the whole arthropod
community on horn fly survivorship. During a survey of the arthropod community in
cattle dung in Florida pastures, more than 220 species of arthropods were collected
(Hu 1995). The objective of this study was to estimate the effect of the arthropod com-
munity on survivorship of immature horn flies in north central Florida.

MATERIALS AND METHODS

Laboratory Studies on Horn Fly Survivorship

Survivorship of horn flies was studied in the laboratory before initiating field stud-
ies. Horn flies were obtained from the colony maintained by J. F. Butler, Department
of Entomology /Nematology, University of Florida. Standard colony rearing methods
were developed by Greer (1975) and modified by Okine & Butler (1995). Constituents
of the larval medium included cow manure which had been frozen and then allowed
to thaw, and pelleted peanut hulls. Adults were fed bovine blood and maintained in an
environmental chamber at 27+3°C and 75+5% RH with continuous light.

Manure used for experiments was collected within 30 min after its deposition and
frozen until needed. Manure processed this way contained no living insects when held
>3 wk at 25°C.

Artificial pats were prepared by following the procedure of Thomas & Morgan
(1972). Horn fly eggs <4 hr old were suspended in water and pipetted onto paper towel
strips (6 cm long x 2 cm wide; 25 eggs per strip) moistened with water. A metal hoop,
20.3 cm diam and 5.1 cm high, was placed on a grass turf in a large metal pan. The
area within the hoop was moistened with water. Four paper towel strips (100 total
eggs) were placed on the grass and spaced equally around the perimeter of the hoop.
The area within the hoop was covered with manure which had been taken from stor-
age and thawed under room temperature. The hoop was removed, leaving a simulated
manure pat approximately 25 cm diam x 5 cm high. The simulated manure pats were
held in a rearing room for 7-8 days and then covered with cone traps (see below) to col-
lect emerging horn flies. Six replicates were made. Parameters measured were per-
cent egg hatch after 24 h, and adult survival based on the original number of eggs.

Field Studies on Horn Fly Mortality

Field mortality of the horn fly was evaluated during July and August 1992 in a beef
range where an arthropod survey was conducted at the same time. Horn fly eggs from
the laboratory colony were used. The manure collection and artificial pat formation
techniques used for laboratory survival studies were also used in the field studies. Fe-
male horn flies oviposit only on fresh cattle droppings (Bruce 1964, Skidmore 1991),
so artificially formed pats had no attraction to horn flies. No horn flies were found to
land on artificially formed pats in the fields.

Two trials were conducted, one each in July and August 1992. Twenty simulated
manure pats were formed for each trial. They were placed in a line outside the fence
surrounding the pastures (3 pastures in total) that contained cattle. Adjacent pats
were separated by 10 m. Egg-seeding procedures (100 eggs per pat) followed those for
laboratory survival studies. Ten pats (odd numbers) were at first left uncovered to al-
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low other arthropods to come to the dung and then covered by cone traps on the 8th
day after egg-seeding; the other 10 (even numbers) were covered immediately after
egg-seeding. The arrangement of the pats was a a randomized complete block design,
each pair of pats (adjacent to each other) containing a covered (treatment) and an un-
covered (control) pat.

The cone traps (Fig. 1) used for covering the seeded cattle pats were constructed of
awire frame and wrapped with a fine Saran® screen of 2 mesh per mm. Traps were 30.5
cm diam (bottom) and 50.8 cm high. A circular hole (5 cm diam) was cut through the
screen on the top of the trap, and an 8.9 cm high x 5.1 cm diam vial was screwed on (the
lid of the vial was perforated, then glued and riveted to the trap) to collect horn flies
that emerged from the pat. The mouth of the vial was fitted with a Sarart screen fun-
nel to prevent insects from escaping back into the trap. The vials were checked daily
from the 8th day after egg-seeding until two days after the last horn flies were found.
The cone traps excluded insects that flew to the dung pats. Because they were slightly
embedded in soil, they excluded insects that walked, but not those that tunneled.

Differences in horn fly emergence between treatments were analyzed by a paired
Student’s t-test (SigmaPlot 1994). Before the t-test was conducted, the numbers of
horn flies were transformed by log (n+1) to satisfy equal variance and normality re-
quired by the t-test (Marks 1990).

RESULTS AND DISCUSSION

Laboratory Horn Fly Survival

Hatch of horn fly eggs ranged from 78 to 94%, with an average of 85.7+4.1% (SE)
when the eggs were distributed on paper towel strips inserted into the artificial pat

Fig. 1. Cone traps used for covering cattle pats to collect horn flies and other flies
that emerged from the pats.
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for 24 hours. Survival of the eggs to the adult stage ranged from 22-41%, with an av-
erage of 29.8+6.15.

Fauna-induced Field Horn Fly Mortality

July 1992 trial. Horn flies emerged from the 9th to 13th day after their eggs were
seeded under the artificial pat, with peak emergence occurring on the 10th and 11th
day. An average of 2.9+0.95 (SE) horn flies emerged from the pats covered by cone
traps (range 0-8); an average of 0.7+£0.3 (SE) horn flies emerged from the pats exposed
to other arthropods (range 0-3). This difference was significant (t=3.09, df=9, P<0.01;
Fig. 2). Horn fly numbers were reduced by an average of 75.86% in the uncovered pats
compared with the covered ones.

August 1992 trial. An average of 3.0+0.56 (SE) horn flies emerged from the pats
covered by cone traps (range 0-5); an average of 1.0+0.26 (SE) flies emerged from the
pats exposed to other arthropods (range 0-2). This difference was also significant
(t=5.48, df=9, P<0.01; Fig. 2). Horn fly numbers were reduced by 66.7% in the uncov-
ered pats compared with those in the covered pats. Combined data from July and Au-
gust 1992 showed that the dung arthropod community caused 71.26% mortality to
immature horn flies in artificially formed cattle pats.

The estimates of mortality in the field relied on the contrast between numbers of
flies trapped in artificial pats that were (a) covered immediately with cone traps, and
(b) left uncovered until just before adult flies began to emerge. Mortality was under-
estimated to the extent that some predatory or parasitic insects were not excluded by
the cone traps. Damaged adult horn flies were observed in the vial at the top of some
cone traps in both treatments, giving evidence that Solenopsis invicta Buren, red im-
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Fig. 2. Horn flies (avg.£SE) emerged from covered and uncovered cattle pats in a
north-central Florida pasture in 1992 (n=10 for each treatment). Different letters
above bars indicate significant differences within each trial (P<0.05).



Hu & Frank: Effect of Arthropod Community on Horn Flies 501

ported fire ant (RIFA), succeeded in tunneling underground to reach the cone traps.
A study in the same pasture, but using different methods, showed that RIFA caused
an average of 78.6% mortality to immature horn fly when it was deliberately allowed
access to dung pats (Hu & Frank 1996). Faced with the evidence, we treated the data
as if S. invicta was not excluded by the cone traps.

Horn fly survivorship in our laboratory was about 29.8% without predators, para-
sitoids and competitors. Unknown causes of death may have included genetic degra-
dation of the laboratory colony (Barlett 1984), desiccation of eggs, inability of some
neonate larvae to enter dung pats, and physiological death (Thomas & Morgan 1972).
High daytime temperatures in the field may have further increased mortality. The
combined effects of these causes and predation by RIFA reduced horn fly numbers
from 100 eggs to an average of 2.95 emerged adults per covered dung pat. In the pats
that were left uncovered to allow access by other components of the fauna, the number
of adults that emerged per pat was reduced to an average of 0.85, a reduction of 71.3%
compared with covered in the field.

Another set of experiments in the same pasture, but not at the same time, used
other methods to exclude RIFA (Hu & Frank 1996). The combined effects of mortality
due to unknown causes and mortality caused by other components of the fauna re-
duced horn fly numbers from 100 eggs to an average of 2.42 adults emerged per pat.
In the pats to which RIFA was allowed access, the number of adults that emerged per
pat was reduced to an average of 0.59, a reduction of 78.6% (Hu & Frank 1996).

Although RIFA reduced numbers of several members of the dung fauna, including
some predatory beetles (Hu 1995), its combined effects on horn flies were additional
to the effects of other components of the fauna. Even when constrained by the pres-
ence of the other mortality components, RIFA exerted 78.6% mortality, and the other
natural enemies likewise exerted 71.3%. A minimal estimate of their combined effect
is 93.9%, calculated as 100- (100%(1-0.713)%(1-0.786); the actual level of fauna-caused
horn fly mortality may have been considerably higher. Contributions of the arthropod
community in pastures to horn fly mortality in Texas were reported as 87.9% (Roth
1989) and 90% (Kunz et al. 1972), in Missouri 97.7%(Thomas & Morgan 1972), and in
Australia 79-84% (Fay et al. 1990). The mortality of immature horn flies caused by the
dung fauna in the present study was within the range of mortalities reported else-
where.
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