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S H O R T C O M M U N I C A T I O N

Accessibility of blood affects the attractiveness of cattle
to horn flies
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Abstract. The burden of infestation of the horn fly, Haematobia irritans (Linnaeus)
(Diptera: Muscidae), differs among bovines within the same herd. We hypothesized
that these differences might be related to the epidermal thickness of the cattle
and the blood intake capacity of the fly. Results showed that dark animals carried
more flies and had a thinner epidermis than light-coloured animals, which was
consistent with the greater haemoglobin content found in flies caught on darker cattle.
Similarly, epidermal thickness increased with body weight, whereas haemoglobin
content decreased. Overall, we suggest that accessibility of blood is a factor that
partially explains cattle attractiveness to flies.
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The horn fly, Haematobia irritans , is a blood-sucking insect
that mainly parasitizes cattle. Significant stress and economic
loss can be caused by parasite burdens in excess of 200 flies
per animal (Jonsson & Mayer, 1999).

It has been reported that higher fly burdens occur in male
cattle, as well as in cattle with high growth rates (Post et al.,
1987) and a dark coat colour (Rodriguez-Gallegos & Acosta-
Rodriguez, 2011). However, no mechanisms for these patterns
have been proposed.

We hypothesized that the differential horn fly burdens in
bovines might be explained by the success of flies in taking
blood and might be related to epidermal thickness in the host
animal, which may vary with phenotype.

For this purpose, 12 heifers (four with dark coats, eight
with light coats) and 18 steers (eight with dark coats, 10
with light coats) of Hereford, Aberdeen Angus and Limousin
crosses [24–36 months old, body weight (BW) 243–428 kg]
were selected from the herd belonging to the Faculty of
Medicine, University of the Republic, Montevideo, Uruguay
(Institutional Animal Care and Use Committee; exp. 071140-
000611-10). The fly burden of each animal was recorded once
per week (from 25 November to 30 December 2010) between
07.00 hours and 10.30 hours by taking three consecutive digital
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pictures of each animal, covering both lateral sides of the back
of the animal from the neck to the base of the tail. The number
of flies was counted from the images obtained using ImageJ
(National Institutes of Health, Bethesda, MD, U.S.A.)

On each observation, subsets of the flies present on each ani-
mal were captured using an insect net and stored immediately
at 4 ◦C until they could be stored at − 20 ◦C. From samples
obtained from each bovine, 45 horn flies, selected at ran-
dom, were first observed under a binocular stereomicroscope.
Then, flies were subdivided into groups of 10, 15 and 20 flies
and haemoglobin concentrations were measured in these three
batches of flies. Flies were homogenized thoroughly using a
glass stirrer. A working reagent of the haemoglobin kit (2 mL;
Biosystem SA, Barcelona, Spain) was added and the solution
was incubated for 3 min at room temperature. The suspension
was stirred and centrifuged at 2500 g for 5 min. Finally, the
absorbance of the supernatant was measured at 540 nm (Mul-
tiskan; Thermo Fisher Scientific, Inc., Shanghai, China). The
correlation of haemoglobin concentration and absorbance was
made by reference to a standard curve prepared with stan-
dard human haemoglobin (Wiener Laboratories SAIC, Rosario,
Argentina). Unfed flies reared in in vitro culture were used as
blanks. The average concentration of the three batches was
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Fig. 1. (A, B) Number of flies per animal, (C, D) haemoglobin per fly and (E, F) epidermal thickness according to (A, C, E) cattle coat colour
and (B, D, F) cattle gender. Different letters within the same graph indicate differences that are significant at P < 0.05.

calculated and data were expressed as haemoglobin per fly.
A coefficient of variation of <15% among the three different
measurements was accepted.

Skin biopsies were also performed on 12 cattle [six females
and six males of similar BW (342 ± 44 kg)]. Samples of skin
measuring 2.0 × 1.0 cm in area and 0.5–1.0 cm in thickness
were taken from the left side of the thoracic back, using 2%
lidocaine as a local anaesthetic, and fixed in 4% formaldehyde.
Biopsies were embedded in paraffin and cut in histological
sections 7 μm thick. For histological analysis, the sections
were stained with haematoxylin and eosin. Twenty photographs
along the slide at ×40 magnification were taken from each
histological cut and five estimates of epidermal thickness
within each photograph were made. ImageJ was used to
determine epidermal thickness.

Fly loads, haemoglobin concentration and epidermal thick-
ness were analysed statistically using a repeated-measures
model that included the effects of gender (male vs. female),
coat colour (dark vs. light) and observations, and their
interactions as fixed effects using mix proc in sas Version 9
(SAS Institute, Inc., Cary, NC, U.S.A.). The Kenward–Rogers
correction was used to adjust the denominator degrees of

freedom. Body weight was included as a covariant. Data are
shown as the mean ± pooled standard error (SE). Differences
that achieved a P -value of < 0.05 were considered statistically
significant.

There was a significant effect of coat colour on fly burden
(P < 0.0001), with the dark coat colour proving to be more
attractive to flies than the light coat colour (P < 0.0001)
(Fig. 1A). The numbers of flies observed on steers and
heifers, respectively, were similar, and thus gender had no
significant effect (P = 0.26) (Fig. 1B). Body weight as a
covariant affected the fly burden (P < 0.0001), with weight
positively correlated with the number of flies (r = 0.382,
n = 119; P < 0.0001). The mean ± SE fly burden according
to BW was 2.98 ± 0.59 flies per kg.

Flies that fed from dark cattle had a higher haemoglobin
concentration than those that fed from light-coloured animals
(P = 0.015) (Fig. 1C). There was no significant effect of
gender on haemoglobin concentration (Fig. 1D). Cattle
BW was correlated to the concentration of haemoglobin
in the fly (P = 0.017): for every kg increase in BW, a
decrease of − 0.00143 ± 0.000586 μg/mL in haemoglobin
was seen.
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Bovines with dark coats had a thinner epidermis than
those with light coats (P < 0.0001) (Fig. 1E). No effect
of gender on epidermal thickness was found (P = 0.92)
(Fig. 1 F). The impact of the covariant of BW was significant
(P < 0.0001), with an increase in epidermal thickness of
0.04558 ± 0.0056 μm per kg of BW.

In the present study, simultaneous analyses of the influence
of three phenotypic variables (coat colour, gender and BW)
confirmed that dark and heavier animals carried more flies
than light-coloured and lighter bovines, respectively. Gender
had no effect.

As far as we know, this is the first study to investigate fly
blood intake in different bovine phenotypes. We found that fly
feeding success was determined by host coat colour and BW.
The differences in fly blood intake according to phenotype
may be partially explained by host variations in skin blood
flow and/or epidermal thickness.

In cattle, a dark coat colour is associated with an increase
in skin temperature (da Silva et al., 2012), which may lead
to an increase in blood flow to the bovine skin. This is
consistent with the greater haemoglobin concentrations per
fly in flies found on dark animals, suggesting that the dark
coat colour facilitates access to bovine blood. In addition, we
observed that the epidermis of dark animals was thinner than
that of light animals, which may reduce skin resistance to
horn fly bites. This is consistent with the fly’s preference for
dark-coloured cattle.

We were unable to find any information on skin
microvasculature and BW in cattle. In human children,
endothelium-dependent vasodilatation in microvessels was
negatively associated with an increase in body fat (Khan
et al., 2003). Such an association may also be present in
cattle, as we found a decreased haemoglobin concentration
per fly per kg of BW, which is also consistent with the
increased epidermal thickness per kg of BW. Although flies
take less blood from heavier animals, fly loads increased with
BW. This may be associated with bovine plasma quality as
plasma protein concentration increases with BW (Doornenbal
et al., 1988).

In summary, this study facilitates new understanding of the
role of bovine phenotypes in the attractiveness of cattle to flies.
Our results suggest that accessibility of blood is a factor that
partially explains the attractiveness of bovines to flies.
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