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A B S T R A C T

The use of silvopastoral systems (SPS) can be a good alternative to reduce the environmental impacts of livestock
breeding in Brazil. One of the reasons for its scarce adoption is the lack of information on health and productivity
of cattle raised under these conditions. The experiment reported here was designed to compare the infestation by
external parasites – the cattle tick (Rhipicephalus microplus), horn fly (Haematobia irritans), and larvae of the
botfly (Dermatobia hominis) – in beef cattle raised in a SPS and a conventional pasture system (CPS), evaluated for
24 months. Data on air and soil temperature, solar radiation, wind incidence and water balance were used to
characterize the SPS and CPS. R. microplus adult females and D. hominis larvae were counted on the body of each
animal to determine the parasites burdens, but we did not find significant differences between the two systems.
Horn flies counts on animals’ body, and analysis of the horn fly and its pupal parasitoids associated with the
dung pats were obtained in the two systems. Horn fly infestation was significantly lower (p = 0.01) in the SPS
(13.17 ± 3.46) in comparison with the CPS (24.02 ± 4.43). In SPS and CPS, respectively, the mean densities
of pupae of H. irritansin dung pats were 9.8 and 10.7; the mean density of adults of H. irritans, 3.7 and 3.5; and
the density of its pupal parasitoids were 20.5 and 5.4. The effect of production system was significant
(p < 0.05) only for the occurrence of pupal parasitoids of the horn fly, where the greatest occurrences of these
natural enemies were in the SPS. These data indicate that natural enemies were able to control, at least partially,
the horn fly populations in the cattle.

1. Introduction

The use of silvopastoral systems (SPS), which combine pastures for
cattle grazing and trees, can reduce the negative impact of livestock
breeding on the environment. SPS has the potential to enhance soil
fertility and biodiversity, reduce erosion, improve water quality, se-
quester carbon (Jose, 2009), and improve microclimate (Leme et al.,
2005; Souza et al., 2007), minimize pests and diseases (Inomoto et al.,
2007; Gorgen et al., 2008). Tropical climates favor the development of
various ectoparasites that affect cattle, especially the tick Rhipicephalus
microplus, larvae of the botfly Dermatobia hominisand the horn fly
Haematobia irritans. However, few studies have been published on these
parasites in SPS, and the studies available have not directly assessed the
causality between different abiotic factors – especially microclimate
variables that influence the relations that occur in the natural en-
vironment and the free stages of parasites. Furthermore, contradictory

results have been reported in studies of cattle ectoparasites, due to the
complexity of the interactions. For example, while Giraldo et al. (2011),
in Colombia, described a significant reduction in the levels of infesta-
tion by horn flies on cattle raised in an SPS in comparison with a CPS,
Silva et al. (2013), in Brazil, did not find significant differences between
the average infestation by ticks and horn flies on cattle raised in an SPS
with eucalyptus compared to a CPS. The objectives of this study were to
evaluate the infestation levels of the ectoparasites in beef cattle raised
in an SPS compared to CPS, and to assess variations in microclimate and
quantity of the horn fly and its parasitoids associated with the dung pats
in the two systems. Results with regard to gastrointestinal nematodes
and animal performances were previously published (Oliveira et al.,
2016).
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2. Material and methods

2.1. Characterization of the systems

The study was conducted in São Carlos, SP, Brazil (22°01’10” South
latitude, 47°53’38” West longitude). The climate is classified as Cwa-
Awa (Köppen), dry between April and September and rainy between
October and March. The average yearly temperature is 21.2 °C, and the
average annual relative humidity is 75.6%. The terrain has slopes of 3
% to 5 % and an average altitude of 860 m. The SPS was established in
December 2007, in an area formed by Urochloa decumbens (syn.
Brachiaria decumbens) on dark red latosol (EMBRAPA, 2006) with
medium texture. Two areas measuring 275 m × 140 m were divided
into six paddocks (0.41 ha) in each one. The indigenous tree species
were planted directly in the pasture (Anadenanthera colubrina, Pelto-
phorum dubium, Zeyheria tuberculosa, Cariniana estrellensis, Piptadenia
gonoacantha, Guazuma ulmifolia and Croton floribundus), in three rows,
accompanying the terrain, at a spacing of 2.5 m× 2.5 m× 17 m, re-
sulting in about 600 trees/ha. Each row of trees occupies seven meters
and is set off from the pasture with an electric fence at a distance of one
meter. Similarly, conventional pasture system (CPS) area was composed
of six paddocks of Urochloa decumbens, each with 0.5 ha, with two re-
petitions (Fig. 1).

The experimental group consisted of 32 male Canchim cattle (5/8
Charolais/zebu, 16 in each system), weaned at eight months of age.
They were vaccinated against foot and mouth disease and treated with
a commercial acaricide containing cypermethrin (15 %), chlorpyrifos
(25 %) and citronellal (1 %), 1 l/800 l of water, 5 l/animal and an
anthelmintic (albendazole sulfoxide 10 %, 1 ml/40 kg body weight)
before being placed in the paddocks. The animals received mineral
supplementation during the rainy season, a protein-supplemented
mixture (50 % protein, 100 g/Kg body weight/day) during the dry
season and were submitted to rotational grazing according to Euclides
and Euclides Filho (1998). At the end of each grazing cycle (42 days),
the animals were taken to a corral to count the flies. All the animals
(SPS and CPS) were submitted to tick control, in which they were
treated with cypermethrin as described previously, according to animal
welfare requests. These treatments were done in the entire herd on
seven occasions (August, October and December 2013; May, July, No-
vember and December 2014), when the number of adult female ticks in
at least one animal was greater than 50.

2.2. Meteorological parameters

The microclimate in each system was characterized by the data on
air and soil temperature, overall solar radiation (MJ m−2 day−1) and
wind incidence (m s−1). The data were measured continually at four
points between the two rows of trees in the SPS and at one point in the
CPS and were used to calculate monthly means. Each week the soil
moisture was measured with a collection module and capacitance
sensor (Diviner®). In the CPS, data were obtained at four pasture points
at random, while in the SPS the access tubes to measure moisture were
installed at four points between the two rows of trees. The values were
the means of the four measurements in both cases.

2.3. Ectoparasites study

The experimental period lasted from August 1, 2013, to July 16,
2015, during which parasites were counted 18 times, at the end of each
grazing cycle (42 days). The horn flies were counted by digital photo-
graphs of the dorsal region of each animal (Fraga et al., 2005).The
images were visualized on the computer monitor using the Microsoft
Paint program to facilitate counting R. microplusadult femalesand D.
hominislarvae were counted on the body of each animal to determine
the parasites burdens,but we did not find significant differences be-
tween the two systems(data not shown). The experimental protocols
were approved by the committee on the ethical use of animals for ex-
perimentation of Embrapa Pecuária Sudeste (PRT no. 04/2013).

2.4. Analysis of the horn fly and its pupal parasitoids associated with the
dung pats

To evaluate the H. irritans and its parasitoids, at the end of the oc-
cupation period of each paddock ten dung pats were selected in four
paddocks of each system (SPS and CPS). After exposure for seven days,
the pats were collected together with the underlying soil layer to a
depth of 5 cm. The material was taken to the laboratory for separation
of the horn fly pupae by the flotation method (Tobin and Pitts, 1999).
The pupae were placed individually in microtubes with a volume of
1.5 ml and were kept in a BOD incubator (25 ± 5 °C, 65% RH) until
the emergence of the flies or its pupal parasitoids. These evaluations
were carried out in the winter, spring and summer of 2013, autumn,
winter, spring and summer of 2014 and the autumn and winter of 2015.
The parasitoid specimens were identified by genus, the adult flies at the
level of species for H. irritans and family for other Diptera.

Fig. 1. Representative sketch of the location of the
experimental site: the conventional pasture system
(A) and the silvopastoral system (B) (Embrapa ex-
perimental farm, São Carlos- SP, Brazil).
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2.5. Statistical analysis of the data

The data from horn fly counts were normalized by log10 (n + 1)
transformation and submitted to repeated measurements analysis under
the MIXED procedure. The effects tested in this model were the
breeding system (BS = CPS or SPS), collection date (CO, month/year)
and interactions. The repeated statement was used to account for cov-
ariance in the measures taken from the same animal on the different
collection dates. A compound symmetry structure was used to form the
covariance matrix. In turn, the climate data and the data on insects
associated with the dung pats, densities of horn fly (pupae and adults)
and its parasitoids were analyzed using the GLM procedure considering
the effects of the production system (SPS or CPS) and season of eva-
luation. A 5% level of significance was used throughout, and all ana-
lyses were carried out using SAS statistical package (SAS, 2002).

3. Results

3.1. Climatic factors

The mean solar radiation values, followed by the standard devia-
tions, were 10.83 ± 0.17 and 17.35 ± 0.17 MJ m−2 day−1for the
SPS and CPS, respectively (Fig. 2A). The solar radiation was lower in
the SPS in all the evaluations (p < 0.05), with the greatest attenua-
tions observed in April 2014 and March 2015, with values higher than
50 %, probably due to the solar declination and greater leaf growth by
the trees in this period. Significant differences (p < 0.05) were also
observed for average wind speed in the two systems (Fig. 2B), with
means of 1.36 ± 0.02 m/s for the CPS and 0.64 ± 0.02 m/s for the
SPS, and reductions of 34.8% to 65.1% in the SPS in relation to the CPS.
Soil and air average temperatures also differed significantly (p < 0.05)
between the systems, with values of 22.47 ± 0.05 °C (CPS) versus
22.22 ± 0.05 °C (SPS) and 21.42 ± 0.07 °C (CPS) versus
21.19 ± 0.07 °C (SPS), respectively. The quantities of water stored in
the topmost soil layer (0–10 cm) in the pastures of the two experimental
areas did not differ significantly (0.21 ± 0.03 mm). Only below the
trees in the SPS, the average quantity of water was lower (0.20 ± 0.04
mm).

3.2. H. irritans counts

With respect to the number of horn flies on the animals, there were
significant effects (p ≤ 0.01) of the system, collection date and inter-
action of system and collection date. Lower averages (p = 0.01) were
observed in the SPS (13.17 ± 3.46) in comparison with the CPS
(24.02 ± 4.43) although only in October and December 2013 and
November 2014 and June 2015 there were significant differences

between the two systems (Fig. 3).

3.3. Horn fly and its parasitoids associated with the dung pats

Six Diptera morphospecies were identified in the dung pats: three
morphospecies of Muscidae, with the identification of individuals of the
species H. irritans, two morphospecies of Sarcophagidae and one mor-
phospecies of Fanniidae. Two morphospecies of hymenopterous para-
sitoids of the families Braconidae and Pteromalidae were found para-
sitizing horn fly pupae, with the morphospecies identified as Aphaereta
spp. and Spalangia spp.

The mean densities of H. irritans (pupae and adults) and its pupal
parasitoids in the SPS and CPS were summarized in Table 1. The effect
of production system was significant (p = 0.01) only for the occurrence
of pupal parasitoids of the horn fly, where the greatest occurrences of
these natural enemies were in the SPS. No significant effect (p > 0.05)
was noted on the density of insects, considering the interaction between
season and production system.

4. Discussion

The relationship between ectoparasites and the host depends on
multiple factors: characteristics of the environment (temperature, ra-
diation, humidity, and vegetation), host aspects (age, genetically de-
termined resistance, immune response, and nutritional status) and the
presence of natural enemies of the ectoparasites. This makes it hard to
isolate, under field conditions, the most important factors contributing
to the result observed. In this study, it was necessary to use cyperme-
thrin treatments to control the tick population on the animals. As this
treatment is effective against several arthropods, to avoid differences
between systems caused by its use, when female tick counts were 50 or
higher in at least one animal, the entire herd was treated, simulta-
neously, regardless of the type of system. Ectoparasites are more vul-
nerable to predators and adverse environmental conditions during the
life stages off the host (Martinez and Merino, 2011). Low air humidity
and soil moisture, high temperature, strong wind and high insolation
have been implicated in greater potential for desiccation of eggs and
larvae, as well as for higher energy expenditure by the parasite
(Furlong, 2005).

The differing plant cover altered the microclimate (Fig. 2) and
might have formed niches favorable to the multiplication, survival and
infestation ability of the parasites. More diverse plant cover implies in
greater potential availability of resources during the year, consequently
favoring a wider variety of organisms. The greater structural com-
plexity of this system favors biodiversity, which as a rule is a funda-
mental feature reducing parasitism (Grønvold et al., 1996; Civitello
et al., 2015). We observed lower infestation by horn flies on the cattle

Fig. 2. Solar radiation (A) and Wind speed (B) in the in the conventional pasture system (CPS) and silvopastoral system (SPS) during the experimental period.
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raised in the SPS (p < 0.05), in accordance with Giraldo et al. (2011).
They attributed lower infestations by H. irritans on animals raised in
SPS to the presence of various predators of the larvae of these flies in
cattle dung. Soca et al. (2002) reported greater degradation of dung
pats in a silvopastoral system compared to open pasture (90 % vs. 40
%), associating this with the greater richness of edaphic fauna, espe-
cially coprophagous beetles, which destroy and bury the fecal material,
exposing the eggs and larvae of parasites to other predators and in-
creasing the risks of desiccation.

The presence of different organisms that use excrement for shelter,
reproduction, and feeding, or that establish interactions of competition,
parasitism, and predation with other organisms also influences the
survival of the free-living stage of cattle parasites in pastures (Bianchin
and Catto, 2008). In this experiment, the occurrence of fly pupae and
adults was similar in the two systems, but the numbers of pupal para-
sitoids were higher in the SPS. These data indicate that natural enemies
were able to control at least partially (not tested), the horn fly popu-
lations in the pastures. Honer et al. (1993) reported that natural ene-
mies like predators and parasitoids can limit the reproduction of H.
irritans in feces by around 90 %, by attacking larvae and pupae. The
adult stages of horn flies are less dependent on climate conditions, so
the critical times to control these pests are during the stages of their
development in dung (eggs, larvae and pupae).

In conclusion: environmental alterations caused by the presence of
trees, notably the reduction of solar radiation and wind speeds and
increased abundance and richness of the fauna associated with the
pastures, can affect ectoparasites dynamics on cattle raised in the SPS.
The cattle infestations by horn flies were significantly lower in the SPS.
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period. = the months with significantly differences betwen the two systems; * = the months with treatment with acaricide.

Table 1
Mean (insects/ten dung pats) of horn fly and its parasitoids evaluated on the silvopastoral
(SPS) and conventional pasture systems (CPS) from winter of 2013 to winter of 2015.

Pasture
systems

Horn fly Parasitoids of horn fly

pupae adult Aphaereta sp. Spalangia sp. Total of
Parasitoids

SPS 9.83 a1 3.67 a 15.61 a 4.92 a 20.53 a
CPS 10.86 a 3.53 a 4.67 b 0.75 b 5.42 b

1 The averages followed by different letters in the column differ from each other at the
significance level of p < 0.05.
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