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The application of tick control strategies on tropical dairy cattle strongly relies on farmers’ uptake, knowledge, and perceptions of
the efficacy of control measures. This study aims to identify common and uncommon tick control practices employed by dairy
farmers in subtropical areas of Ecuador and associate them with the presence of infestation and acaricide resistance. Data were
collected through a cross-sectional survey and participatory meetings. Multiple correspondence analysis was used to explore the
association between management variables and the level of tick infestation and resistance. It was determined that the main method
of acaricide control is still chemical, mainly using spray baths. Generally, when this form of application is used, acaricides are
overdosed, in contrast to the pour-on method with underdosage. Among the measures farmers adopt when chemical treatment has
failed is to use overdoses of products, mix different acaricides, and use focused treatments (wipe cloth) with irritant substances. The
absence of a high level of infestation was related to acaricide dips every 3—4 weeks and the use of intensive grazing. On the other
hand, the high infestation was related to the use of organophosphates, wipe cloth application, and the report of tick-borne diseases
(TBDs). A small group of farmers have good knowledge and seek alternatives to chemical control, experimenting with biological
controls, herbal extracts, manual tick removal, and paddock control. Additionally, farmers reported the presence of TBDs (47%)
and the presence of animals poisoned by acaricides (6%), which died in 75% of those cases. Farmers frequently mentioned that tick
infestation induces milk drop production and weight loss and is associated with the presence of TBDs. This information is crucial
to improve tick control management in Ecuador, particularly through implementing practices that mitigate resistance to acaricides
and ensure long-term solutions that help maintain the efficacy of tick control treatments.
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1. Introduction

The cattle tick Rhipicephalus microplus is a major cause of
concern for cattle breeding in the tropical and subtropical
areas of the world [1]. Although there are different methods
of tick control in cattle, such as immunological control
through vaccines, selection of tick-resistant cattle breeds,
grazing management, manual removal of ticks, biological
control, and the use of ethno-veterinary practices (herbal
extracts), chemical control remains the primary method for
tick control [2, 3].

In Ecuador, R. microplus is the main cattle tick [4, 5, 6, 7],
and several acaricides are available for its control, with dif-
ferent active compounds, modes of action (Table 1), and
application forms. A wide range of active compounds exerts
their action at multiple points in the nervous system of ticks
[17]. The first acaricides to be introduced in Ecuador were
organophosphates, amides, and synthetic pyrethroids. By the
end of the 1990s, macrocyclic lactones and phenylpyrazo-
lones were already available on the market [18], and in the
2000s, the acaricide fluazuron (benzoylphenyl urea), belong-
ing to a new category called insect growth regulators, was
introduced to the market in Ecuador [18]. Unlike the acar-
icides mentioned above, fluazuron inhibits the molting pro-
cess of tick larvae to nymphs and nymphs to adults [19, 20].
Although the choice of acaricide treatment to be used on the
farm will depend mainly on the farmers, they usually receive
advice from public and private veterinarians and commercial
representatives of products. In addition to chemical control,
the Gavac vaccine entered the market in 2022. However,
farmers still lack confidence in its effectiveness as a control
method due to the investment involved in its application, its
unknown efficacy, and the fact that it must be used with a
chemical treatment [21].

Although the chemical method was initially considered
the primary strategy to control tick infestations, its inadequate
management has led to the emergence of acaricide resistance
and incurred additional costs associated with reported cases
of resistance in the country [6, 7, 22, 23]. Furthermore, there is
a concern about environmental contamination and the poten-
tial presence of acaricide residues in dairy and meat products,
despite no reported cases in Ecuador, as their existence is
known (24, 25, 26].

These problems highlight the need for refining the practices
and open the window for alternative approaches to control tick
infestations. Integrated tick management (ITM) consists of a
combination of tools and strategies to manage tick infestations
while maintaining adequate levels of animal production
[27, 28, 29]. Implementing these strategies requires the appro-
priate acaricide management to ensure effective and sustain-
able control practices [30]. The ITM’s success depends on
individual actions, specifically the acceptance and application
of recommendations provided by technicians, as well as on
government policies that implement extension programs in
the livestock industry, which are currently limited or nonexis-
tent for small farmers [31, 32, 33].

Jack et al. [30] mentioned that several fundamental fac-
tors are involved in the process of implementing new control
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methods, such as farmer characteristics (knowledge, motiva-
tions, economics), local support organization (resources, prior-
ities), and the interventions employed (training, leadership).
Likewise, this study was built upon two previous studies that
aimed to understand livestock practices and examine the level
of tick infestation and the development of acaricide resistance
in two subtropical areas in Ecuador with the dairy industry.
Considering the challenges faced by the livestock industry in
these study areas, this study tries to integrate various aspects,
including perceptions, knowledge, infestation levels, and acari-
cide resistance found in these areas [7, 23]. Thus, the objective
of this study was to qualitatively evaluate the perceptions,
knowledge, and common tick control practices used by dairy
farmers in subtropical areas of continental Ecuador and to
associate them with the presence of infestation and acaricide
resistance.

2. Materials and Methods

2.1. Participant Selection. Two main methods were employed
in this study (Figure S1). First, a cross-sectional survey was
carried out in two subtropical dairy production areas of
Ecuador: Area 1, located in the Northwest of Pichincha Prov-
ince in the Western Andean foothills, and Area 2, situated in
the Quijos river valley in the Eastern Andean foothills. The
participants were selected by snowball sampling [34] irrespec-
tive of their age, sex, and educational background. The only
requirement to participate was to be the most knowledgeable
person on the farm. Special emphasis was placed on including
farmers from small and medium-sized cattle ranches. Verbal
informed consent was obtained from all participants.

The second part of the involved study was conducted in
each study area using participatory methodology [35]. The
attendees of these meetings were cattle ranchers of any age,
sex, and education level. Participants were identified and
invited either by phone or in person with the assistance of
local government officials. Transportation was provided for
the workshops to facilitate access.

2.2. Data Collection

2.2.1. Cross-Sectional Survey. The survey was part of the
project “Socio-eco-epidemiology of ticks, tick-borne para-
sites, acaricide resistance and residual effects of acaricides
in Ecuadorian tropical livestock: environmental, animal
and public health impacts” [7]. In total, 138 farmers were
interviewed, 71 from the Northwest of Pichincha province
and 67 from the Quijos River valley in Napo province. This
face-to-face survey contained questions on herd manage-
ment, livestock diseases, ticks, and acaricide-related informa-
tion such as perceptions, knowledge, and acaricide control
methods. Commercial acaricides were grouped according to
their active ingredient into amides, pyrethroids, macrocyclic
lactones, organophosphates, phenylpyrazolones (fipronil),
benzoylphenyl ureas (fluazuron), and combined products.
In addition, information about the doses used, perceived
efficacy, application method, number and kind of animals
treated, acaricide rotation, and prices per product were
recorded. The rotation of acaricides was considered incorrect
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TaBLE 1: Active components used to control ticks on cattle in Ecuador.
Acarlade (3 pproximate date Active compounds** Site of action Mode of action Reference
introduced™*)
Ethion, chlorpyrifos, coumaphos, Nervous . o
Organophosphates (1950) dichlorvos, and trichlorfon system Acetylcholine esterase inhibitors (8]
Amidines (1970) Amitraz Nervous Octopamine agonists [9, 10]
system

Alpha-cypermethrin, cypermethrin, Nervous

Synthetic pyrethroids (1970) deltamethrin, flumethrin and svs ter?l Sodium channel modulators [11, 12, 13]
permethrin Y
Macrocydlic lactones (1981) Doramectlg, 1verm§ct1n, and Nervous Glutamate—control.led chloride [14]
eprinomectin system channel activator
. . Nervous  Blocking GABA mediated chloride

Phenylpyrazoles (1990) Fipronil system channels [15]
Benzoylphenyl ureas (1994) Fluazuron Exoskeleton Inhibiting chitin incorporation [16]

into the tick’s cuticle

*Approximate date of Introduction of acaricides into the global market; **Active ingredients have been registered until 2023 by the Phytosanitary and Zoo
sanitary Regulation and Control Agency (Ecuador); GABA, gamma-aminobutyric acid.

if either different acaricide brands were within the same
acaricide group or if the farmer was not sure of the brand
name of the acaricide used previously. The efficacy evalua-
tion was expressed in percentages according to the farmer’s
perception (1-100). Price information was confirmed by an
additional interview conducted in the livestock warehouses
in the study areas [23]. Local veterinarians were asked to
mention the main diseases or events affecting animals in
the area, and this list was used in the farmers’ survey to assess
general prevalence and mortality.

Farmers were asked to visually identify the species of
cattle ticks they encountered based on illustrations of com-
mon species found in the study areas [36, 37, 38]: R. micro-
plus, Amblyomma cajennense and Ixodes boliviensis. In
addition, all farmers were asked to indicate the season (dry
season, rainy season, all over year) and the months during
which tick infestation increases. Farmers’ knowledge was
evaluated with six elements: the biology of ticks, breed pre-
disposition, tick-borne diseases (TBDs), knowledge of eco-
nomic losses caused by ticks, and correct acaricide treatment.
Knowledge of biology consisted of the correct identification
of the tick species present on the farm and its life cycle
(presence of larvae in paddocks). Morphological identifica-
tion was carried out on tick samples [7]. Knowledge of TBDs
was assessed as correct if the farmer mentioned anaplasmo-
sis, babesiosis, or tick fever (the colloquial name for TBDs).

2.2.2. Participatory Meeting. Participatory methods are meth-
ods to collect data in participatory epidemiology, engaging com-
munities in the surveillance, control, and prevention of animal
diseases [35, 39]. Those observations play a crucial role during
early detection and community response to diseases’ effects.
Perceptions of the effects caused by ticks and the economic losses
they cause were evaluated in this part according to the opinion of
the farmers. The methodologies used for this involved propor-
tional piling and brainstorming (Figure 1).

The second part of the study was conducted in April
2022. Forty farmers participated, 13 from the Northwest of

Pichincha and 27 from the Quijos River valley. We used
proportional piling, which allows to collect the results
numerically [35]. First, farmers were classified based on their
perception of the level of tick infestation present in their
animals. At the beginning of the participatory meetings,
the participants were grouped in function of the response
given to an illustration of a laterally viewed cow divided
into three zones (Figure S2). Farmers indicated which parts
of the animals were infested and considered one-third as
infested when there were 20 or more ingrown ticks. The
possible options were to have one-third to three-thirds
infested. It was considered a low level of infestation if it
was one-third infested, a medium level of infestation two-
thirds, and a high level of infestation three-thirds infested
[7]. Participants in the last two groups were grouped in the
high level of tick infestation category.

Second, for brainstorming, each participant had four
cards to write down their ideas about the effects of ticks.
Only one idea was recorded per card. Using all cards was
optional, and additional cards were provided upon request.
An assistant helped to assist illiterate and older participants.
Finally, the economic losses resulting from decreasing milk
production, weight loss, and the devaluation of hides were
weighted by proportional piling. During the exercise, meet-
ing attendees engaged in a proportional piling activity, using
balls as counters. A cloth with pockets was used for the
proportional measurement to prevent the first participant’s
response from influencing subsequent responses. Fifteen
counters were employed to weight these apparent economic
losses.

2.3. Tick Infestation and Acaricide Resistance. The levels of
infestation and the presence of acaricide resistance were
determined in previous published studies [7, 23]. The level
of infestation at the farm level (low or high) was determined
according to the tick load observed per animal. Resistance
testing was performed on three acaricides (i.e., amitraz, iver-
mectin, and alpha-cypermethrin) using the larval package
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FiGUre 1: Methodologies used in the participatory meeting.

test. The farms were classified as with and without acaricide
resistance.

In the study, the variables considered to estimate the tick
control practices and the economic losses are presented in
Table 2.

2.4. Data Analysis. All the information collected in the cross-
sectional survey and participatory meetings was entered into
a Microsoft Excel® database. In order to preserve the ano-
nymity of the study participants, the surveys were coded with
numbers (participating farmer numbers) and letters (study
area). The average price per milliliter (ml) or gram (g) of the
active component of the acaricide was obtained by dividing
the price of the commercial presentation by the number of
ml or g. All data obtained for the different commercial pre-
sentations were averaged, and a price per ml or g of active
ingredient was determined.

The prescribed dose, route of application, and composi-
tion of each commercial brand of acaricide were obtained
from the package inserts. For injectable acaricides, the pre-
scribed dose was 1 ml per 50 kg of body weight, and for pour-
on acaricides, 1 ml per 10 kg of body weight. In the case of
acaricides applied in spray baths, the dose was expressed in
milligrams or grams of acaricide dissolved per liter of water,
and 11 of solution covers 100 kg of body weight. To calculate
the cost per acaricide treatment, an adult animal weighing
400kg was considered. To determine if there was a

significant difference between the dose and the prescribed
dose, a t-test was used. The prescribed dose was used as
the real value of the mean. Statistical significance was set at
0.05. Statistical analyses were performed using the statistical
package stats in R (R Core Team) [40], version 4.2.0. The
level of agreement between the working groups was evalu-
ated using Kendall’s coefficient of concordance (W). The
agreement was termed “weak agreement” if W values were
less than 0.26, “moderate agreement” if they were between
0.26 and 0.38, and “strong agreement” if W values were
greater than 0.38 [41]. Mann—Whitney test was used to ana-
lyze differences between infestation level and study areas.
Multiple correspondence analysis (MCA) was used to
summarize associations between the risk practices in tick
control, knowledge regarding ticks and TBDs, level of tick
infestation, and acaricide resistance. The MCA is a statistical
method to analyze patterns in the relationships between a set
of qualitative variables, and its interpretation is based on
proximities between points in a low-dimensional map [42].
The hierarchical classification on the principal components
(hierarchical clustering on principal components (HCPC))
of the MCA was used for the clustering process. We used the
FactoMineR package [43] in R to perform MCA and HCPC
analyses. The functions fviz_mca_var and fviz_cluster (fac-
toextra package) were used to visualize the results [44]. This
study used 20 variables (Table 3) to establish the relationship
and grouping farmers according to control practices and
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TasLE 2: Control and perception variables used in the study.

Topic Variable

Source of information

Percentage efficacy of acaricides

Chemical control: frequency, acaricide dynamics used

Tick control practices

dosage, route of administration, who prepares the
acaricide solution, and treated animals

Cross-sectional survey

Alternative control practices used

Type of grazing implemented

Effect of tick infestation
Seasonality of tick infestation

Farmers’ perception

Cross-sectional survey and
participatory meeting

Biology of ticks
Breed predisposition

Farmers’ knowledge Tick-borne diseases

Cross-sectional survey

Knowledge of economic losses caused by ticks

Correct acaricide treatment

Price (USD) per milligram or gram of acaricide

. oo . (active component)
Direct and indirect economic losses

Cost (USD) treatment by animal
Economic losses in milk, beef, and hide

Agro warehouses interview and
cross-sectional survey

Participatory meeting

Tick infestation

Level of tick infestation at the farm level

Paucar et al. [7]

Acaricide resistance

Presence or absence of resistance in three acaricides

Larval package test

perceptions. Covariates with little or no variability were dis-
carded from the analysis. Twelve farms were discarded from
the MCA because acaricide resistance tests could not be per-
formed there. The knowledge was judged as good, fair, or
poor based on the number of correct answers. Poor knowl-
edge meant zero to <35% of correct answers, fair knowledge
was 35%—65% of correct answers, and good knowledge was
>65% or all correct answers [45]. The reported efficacy of the
acaricide treatment was grouped into three categories: low,
medium, and high. Medium efficacy grouped reports of effi-
cacy from 51% to 80%. Alternative control included acaricide
control with entomopathogenic fungi, medicinal plants, or
paddock control (equalization cuts).

3. Results

3.1. Visual Identification and Cattle Tick Seasonality. R. micro-
plus was the main species recognized in the study areas.
R. microplus was visually identified by 94% of the farmers
in the Quijos River valley and 93% in Northwestern
Pichincha as the species that attacks their animals. Ticks of
A. cajennense were recognized by 29% and 24% of farmers in
the Quijos River valley and Northwest Pichincha, respec-
tively. Finally, I boliviensis was recognized by 10% of farmers
in the Quijos River valley and 12% of farmers in Northwest-
ern Pichincha.

Figure 2 illustrates the perception of the seasons with the
highest tick infestation. Farmers in the Quijos River valley
reported experiencing infestations throughout the year. Most
farmers in Northwestern Pichincha reported an upswing in
infestation during the dry season, from July to September.

3.2. Farmers’ Knowledge. Knowledge was evaluated accord-
ing to the items shown in Figure 3. Seventy percent of

participants had fair knowledge, and 27% had good knowl-
edge. Three percent of the participants had poor knowledge.
The farmers with “good knowledge” demonstrate excellent
knowledge of the biology of ticks, the diseases they transmit,
the economic losses they cause, and the breed predisposition.
However, their understanding of the correct acaricide man-
agement is neither exceptionally excellent nor bad; it falls
within an intermediate range. The “fair knowledge” group
differs from the farmers with good knowledge because of a
lack of understanding of TBDs and the correct use of
acaricides.

The results indicate that a significant number of farmers
require further understanding of the appropriate acaricide
dosage and rotation, with only 10% and 17% demonstrating
correct management, respectively.

3.3. Chemical Acaricide Control and Perception of Its Efficacy.
Of the 138 farms surveyed, 99% reported using chemical
acaricide control. The most common form of application
was spraying (95%, 131/138). Acaricides used as sprays can
be mono-formulated with organophosphates, amides, and
pyrethroids or coformulated with two (organophosphates
and pyrethroids) or three active ingredients (organopho-
sphates and pyrethroids and phenylpyrazolones) (Figure 4).
Spraying baths are carried out using a 20-1 knapsack sprayer.
The most common equipment used for acaricide measure-
ment were syringes (74%) and ungraduated acaricide bottle
tops (20%). Only 6% of the participants stated that they did
not measure the quantity used with any instrument. The
most common water sources for mixing acaricides were
tap water (11%) and water collected from natural reservoirs
(89%) such as rivers, springs, wells, or drainage ditches.
Injectable acaricides (Figure 4) were used by 86% of the
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TaBLE 3: Variables used for the multicomponent analysis (N =126 farmers considered).
Variable Categories Farms Codification
N 70 low infestati
Presence of a high level of tick infestation © ?W 1.n esta l,on
Yes 56 high infestation
. . No 61 am res no
Amitraz resistance
Yes 65 am res yes
. . No 74 iv res no
Ivermectin resistance .
Yes 52 iv res yes
N 58
Alpha-cypermethrin resistance ° cy resnio
Yes 68 Cy res yes
o . . . No 94 am iv res no
Multiresistance: amitraz and ivermectin .
Yes 32 am iv res yes
o . . No 83 am Cy res no
Multiresistance: amitraz and alpha-cypermethrin
Yes 43 am cy res yes
I . . . No 91 cy iv res no
Multiresistance: alpha-cypermethrin and ivermectin .
Yes 35 cy iv res yes
No 101 X3res no
Multiresistance: amitraz, alpha-cypermethrin, and ivermectin
Yes 25 X3res yes
Employed 27 Employed
Who preparated the acaricide treatment proy ploy
Owner 99 Owner
Ni 95 icide mi
Mixture of different acaricides © acar}c.l ¢ m.1x no
Yes 31 acaricide mix yes
N 114 dditi
Add additives © & 1 }Ves ho
Yes 12 additives yes
N 113 1 wi
Acaricide application with a wipe cloth © app W,lpe 1o
Yes 13 appl wipe yes
N 47
Use of organophosphates © Ofg use nio
Yes 79 org use yes
N 76 It
Alternative acaricide control ° e
Yes 50 alt yes
N 84 1
Manual removal of ticks ° i removat no
Yes 42 m removal yes
1 or 2 weeks 55 bath 1-2
Frequency of bath sprays 3 or 4 weeks 42 bath 3—4
5 weeks or more 21 bath >5
High-efficacy bath 23 high eff bath
Reported efficacy: bath spray Low-efficacy bath 29 low eff bath
Medium-efficacy bath 60 med eff bath
High-efficacy bath 50 high eff injection
Reported efficacy: injection Low-efficacy bath 22 low eff injection
Medium-efficacy bath 29 med eff injection
No 67 TBDs no
Tick-b di t
ick-borne diseases repor Yes 59 TBDs yes
Fair knowledge* 91 fair knowledge
Knowledge level
riowlecge feve Good knowledge 35 good knowledge
) Extensive™ 30 ext graz
Grazing system - .
Intensive™ 96 int graz

“Due to the small amount of data from farmers with poor knowledge, they were grouped into the group with fair knowledge; **Intensive: grazing in small area
enclosed paddocks, where the animals remain for short periods of occupation (1 day); Extensive: grazing in large areas paddocks where cattle remain for longer

periods (more than 1 day).
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FIGURE 2: Perceptions of seasonal abundance of ticks (N =138 farmers considered).

Ticks cause of economic losses
Visual identification of R. microplus
Correct acaricide application

Mix acaricides

Presence of larvae in paddocks
Predisposition breed

Tick-borne diseases

Correct acaricide rotation 17%

Correct acaricide dosage 10%

96%

95%

0% 10% 20% 30%

40% 50% 60% 70% 80% 90%  100%

FIGURE 3: Farmers’ knowledge about ticks and tick-borne diseases.

respondents with macrocyclic lactones such as doramectin at
1% (10%) and ivermectin (90%), at concentrations ranging
from 1% to 4%. Ivermectin 1% is the most commonly used
(59% of the cases), followed by ivermectin 3.15% (25%) and
ivermectin 4% (9%). Additionally, 52% of the respondents
employed pour-on acaricides, a relatively new control method
in our study areas. Pour-on acaricides can be composed of
phenylpyrazolones or benzoylphenyl ureas or coformulated
with two active compounds, such as the combination benzoyl-
phenyl ureas (fluazuron) with phenylpyrazolones (fipronil),
macrocyclic lactones (abamectin) or pyrethroids (flumethrin).
In most farms, the weight of animals is unknown, with only
5% of the respondents utilizing weigh tape to determine the
appropriate dose of acaricides. The rest of the farmers calculate
the weight of the animals by visual assessment.

Only 17% of farms rotated acaricides correctly, 63% rotated
incorrectly, and 19% cannot remember the previous acaricide
used. Acaricide treatments in bath sprays and pour-on are
generally applied to all animals on the farm. Farmers applied
1% macrocyclic lactones to cattle in production and calves and
preferred ivermectin concentrations of 3.15% or 4% for dry
cattle, bulls, and heifers. Only 4% of the respondents said
they applied an acaricide treatment only to affected animals.

There were many acaricides with the same chemical com-
position but with different manufacturers and trade names.
Approximately 67 different trade names are employed for the
six active ingredients available on the market in the study areas.
Ten trade names of amides, 13 of cypermethrin, eight for orga-
nophosphates, 26 of macrocyclic lactones, five of phenylpyrazo-
lones, and five of benzoylphenyl ureas were mentioned.
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36%

48%

33%
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FIGURE 4: Acaricides used by farmers (N=136) in the study areas, expressed in percent.

The reported efficacy of the chemical acaricides is sum-
marized in Table 4. Respondents reported an efficacy of 59%
for amides and pyrethroids; the acaricides were considered
the least effective in acaricide control. Pour-on acaricides and
macrocyclic lactones (3.15% and 4% concentration) were con-
sidered more effective; the farmers perceived the efficacy to be
greater than 82%. Unfortunately, farmers do not respect the
doses prescribed by the manufacturers (p-value < 0.05). Acar-
icides applied in spray baths were generally overdosed and
cost much less than pour-on acaricides, which were generally
used in underdoses. Acaricides applied by spraying are more
economical compared to injectable and pour-on treatments.

3.4. Alternative Strategies Used by Farmers When Chemical
Control Fails. Among the alternatives to chemical control,
36% of the farmers used equalization cuts in paddocks, and
5% of the respondents used baths with entomopathogenic
fungi, herbal extracts (neem or garlic), or a mixture of sulfur
and quicklime. Supplementation with sulfur in mineral mix-
tures or feedstuffs was also used as an alternative control
method, and only two farms used these alternatives as the
only control method. These alternative control methods are
mostly used in the Northwest of Pichincha in addition to
chemical control. The survey also reported that 11% of farm-
ers use lemon, citric acid, or vinegar to acidify the bath solu-
tion because they perceived that it increases the efficacy of the
acaricide. Thirty-three percent of respondents reported man-
ually removing ticks from the animals. This is a laborious
technique that farmers generally do not set aside a specific
time for but do while milking.

The unusual forms of application were observed and 12%
of respondents who use pour-on reported dissolving them in
water and applying them with a spray pump. Eleven percent
of farmers reported dissolving an overdose of the acaricide
(up to five times the recommended dose) in water, cooking
oil, or engine oil and applying it with a wipe cloth to the most

affected areas. In addition, 25% of the farmers mixed differ-
ent acaricides when preparing the solution for spraying.
Generally, when using these techniques, the acaricides used
are organophosphates.

3.5. Chemical Handling Safety. When applying the baths
spray, none of the surveyed farmers used all individual pro-
tective equipment (coveralls, boots, masks, gloves, and gog-
gles). Instead, they opted for various types of protective
equipment, with boots (72%), followed by masks (45%), cov-
eralls (24%), gloves (26%), and goggles (6%). Additionally,
22% of respondents mentioned not using any protective
equipment. In addition, 48% of respondents reported taking
a shower and changing clothes after spraying. Thirteen per-
cent washed their hands and changed clothes. Seventeen
percent only washed their hands, and 22% continued their
work in the field without any posterior clean. Sixteen percent
of farmers reported having at least one of the following signs:
dizziness, vomiting, reddening of the skin, tearing, red eyes,
and difficulty breathing after spraying animals.

3.6. Risk Management Practices. The first two dimensions of
23 provided by the MCA were retained as they accounted for
19.1% and 8.9%, respectively (Figure 5).

The first dimension can be interpreted as a gradient of
“acaricide resistance” since the variables that contributed
most were the variables of resistance and (multi)resistance
to acaricides. The second dimension can be interpreted as a
gradient of “acaricide control practices” since the variables
that contributed most were level of knowledge, acaricide
control practices (mixing acaricides and alternative control
practices), and perception of the efficacy of acaricide control.
In Figure 5, the first quadrant (I) shows the relationship
between the presence of acaricide resistance and high infesta-
tion with good acaricide control practices. The second quad-
rant (II) shows the relationship between the absence of
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FiGure 5: Multiple correspondence analysis map of risk and perceptions associated with the presence of infestation and acaricide resistance.
L, first quadrant; I, second quadrant; ITI, third quadrant; IV, fourth quadrant; Dim1, first dimension; Dim2, second dimension; cos2, squared
cosine. See Table 3 for the meaning of variable codes. To interpret the graph, the light blue-colored categories are considered to have the
strongest contributions, whereas the dark blue ones are the least. Additionally, points located close together within the same quadrant and
aligned in a similar direction from the centroid indicate potential associations.

acaricide resistance and high infestation with good acaricide
control practices. The third quadrant (IIT) shows the relation-
ship between the absence of acaricide resistance and high tick
infestation with poor acaricide control practices. The fourth
quadrant (IV) shows the relationship between acaricide resis-
tance and high infestation with poor acaricide control
practices.

The results of the MCA analysis revealed several associa-
tions within the study. Acaricide resistance was associated
with the use of a wipe cloth for acaricide application and if
the employee was responsible for preparing and applying the
acaricide treatments. Conversely, the absence of resistance
was related to if the owner was responsible for preparing
and applying the acaricide treatments and also the percep-
tion of high efficacy in acaricide treatments used in spray
baths. Additionally, a high level of tick infestation was asso-
ciated with factors such as the frequency of acaricide treat-
ment, very frequent (1 or 2 weeks) or not regular (5 or more
weeks) bath spray, the use of organophosphates, fair knowl-
edge, low perception of injectable acaricide efficacy, reported
TBD cases on the farm, and extensive grazing. A low tick
infestation was related to not using a wipe cloth to apply the
acaricide, using bath spray every 3—4 weeks, intensive graz-
ing, the nonuse of organophosphates, and the absence of
TBDs on the farm. The low perception of spray baths’ effi-
cacy was associated with the mixture of acaricides and the
relative medium efficacy of the injectable treatment.

Furthermore, participants with good knowledge demon-
strated a higher likelihood of adopting alternative methods to
chemical control, such as equalization cuts, entomopatho-
genic fungal dips, herbal extracts, sulfur, or manual tick
removal. In contrast, those with fair and poor knowledge

displayed a lower tendency to implement alternative control
methods.

Three farm clusters were identified through the MCA and
subsequent hierarchical classification (Figure 6 and Table 5).
The first cluster included 35% of farmers, and it was character-
ized as follows: 29% of farms with no resistance, 42% with
mono-resistance, and 29% with multiresistance to two acari-
cides. This cluster reported a high infestation in 39% of cases.
Generally, acaricides were not applied with a wipe cloth in this
group, and the use of organophosphates (47%) was not com-
mon. Furthermore, only a few farms mixed different acaricides
(13%). Notably, most farmers with good knowledge (12/25)
and farms implementing alternative methods 32/55 of acaricide
control or adding additives (8/10) to the acaricide solution were
concentrated in this first cluster. The second cluster encom-
passed 44% of farmers and was characterized by farms with
varying resistance profiles: 23% without resistance, 37% with
mono-acaricide resistance, and 47% with multiresistance to
two acaricides. In this cluster, the high infestation was prevalent
in 57% of cases. Most farms in this group used organopho-
sphates (93%) and mixed acaricides (53%). In addition, 10 of
the 55 farms using alternative control methods were classified
under Group 2. The third cluster included 21% of farmers and
was distinguished by farms showing multiresistance to three
acaricides, with high infestation reported in 50% of cases. Gen-
erally, farms in this group did not mix different acaricides but
did use organophosphates (78%). Thirteen of the 55 farms
using alternative control methods were classified within this
group.

Farms that applied acaricides using a wipe cloth were
distributed across Groups 2 and 3. Additionally, in these
groups, the frequency of acaricide treatment by spray bath
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FiGure 6: Graphical representation of farmers identifying three clusters (groups). Dim1, first dimension; Dim2, second dimension. Group 1 in

blue color; Group 2 in yellow color; Group 3 in gray color.

was generally every 2 weeks or less. Cases of tick fever were
reported, and extensive grazing was employed in around 50%
of the cases. In contrast, the frequency of bath spray occurred
every 3 or 4 weeks, and a few farms experienced TBDs (34%).
For Groups 1 and 2, the person in charge of preparing the
acaricide solution and applying the treatment was typically
the owner. In Group 3, the owner’s participation was present
in only 50% of the cases. Regarding the perception of efficacy,
most farmers in all three groups rated the efficacy of the
acaricide bath as “medium efficacy,” while the injectable
treatment was rated as “high efficacy” by farmers in Group 1.

3.7. Most Frequent Cattle Diseases Cited by Cattle Farmers.
According to the farmers’ reports in the study areas, health
problems among livestock are primarily dominated by mas-
titis (68%) and lameness (56%). Myasis due to Dermatobia
hominis (Linnaeus) was reported in 52% of the farms sur-
veyed. TBDs were reported by 47% of farmers and they have
the highest mortality on the farms studied. According to
reports from farmers on 40 of 138 farms, there was mortality
due to TBDs, accounting for 29% of the total deaths. In
addition to the diseases described in Figure 7, the study areas
also experienced incidents of animals falling down ravines
(33%) and animals getting intoxicated by acaricides (6%),
leading to mortality of 21% and 4%, respectively.

3.8. Effect of Tick Infestation. The effects of infestation were
investigated through both the survey and the participatory
meetings. Among the farmers surveyed, 94% reported that
cows in production were most affected by ticks, followed by
calves (43%), dry cows (40%), and bulls (34%). Moreover,

90% of the surveyed indicated that ticks were most abundant
on the front third of the animal, with 75% reporting their
abundance on the back third and 34% on the middle third.

Meeting participants listed several effects of tick infesta-
tion (Figure 8), the most common of which were decreased
milk production (95%), weight loss (88%), and tick fever
(83%). Decreased fertility (13%), animal discomfort (10%),
exposure of farmers to acaricides (8%), poisoned animals
(5%), and environmental contamination (3%) was reported
by a minority of participants. Animal death (38%) and skin
and coat lesions (55%), including hair loss, scaling, and
attack by other ectoparasites, were also mentioned. Higher
economic investment (35%) encompasses the purchase of
more expensive acaricides and treatment costs when animals
become ill with tick fever.

The matrix scoring results of disease signs are shown in
Table 6. The highest weighting was for economic losses
caused by the decrease in milk production in farms with or
without high infestation in both study zones. Economic
losses caused by body weight loss obtained a higher weight-
ing in the Northwest of the Pichincha zone. In contrast, the
economic losses due to the decrease in the price of bad hides
had a higher weighting in the Quijos River valley zone.

The results of Kendall's W are shown in Table 6. The
level of agreement was weak for the high infestation group in
the Quijos River valley (W =0.16). On the other hand, the
groups of low infestation in the two study zones (W=
0.53-0.84) and high infestation in the Northwest of Pichincha
zone (W =0.74) strongly agreed. In the Northwest Pichincha,
the economic losses in milk, weight, and hide of the low
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FIGURE 7: Percentage of farmers (N = 138) who cited the disease (morbidity and mortality). TBDs, tick-borne diseases.
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infestation group were largely similar to the findings of the
high infestation group. The same occurred in the Quijos River
valley area, between the high and low infestation groups for
meat and hide losses. Only for the low infestation group in
Quijos River valley, there was a significant difference between
the opinions of these groups on economic losses caused by
decreased milk production.

4, Discussion

4.1. Tick Control. The present study documents common and
uncommon tick control practices in cattle in subtropical
areas of Ecuador. It was determined that the main method
for tick control is chemical control in bath spraying, which
smallholder farmers consider a convenient and economical
form of control [46, 47, 48]. The costs of acaricides applied in
bath sprayings usually do not exceed USD 0.55 per animal
per treatment, and farmers reported efficacy ranging from
59% to 71%. Although the treatment by bath spraying was
assessed to be moderate, it is important to note that this
evaluation does not necessarily indicate correct use. In fact,
observations revealed that these acaricides are commonly
overdosed. Treatments applied in pour-on form are the
most expensive, costing up to USD 3.62 per animal per treat-
ment. By contrast, these acaricides usually are underdosed,
likely in relation to their high cost [49], which may contrib-
ute to resistance in the long term, previously described in
other Latin American countries since 2007 for fipronil [50]
and 2014 for fluazuron [1]. Although the price difference of
acaricides can influence the farmer’s decision on which prod-
uct to buy and use since it is a more tangible cost, especially
for the small farmer, relying solely on price differences does
not provide a comprehensive assessment of a product’s prof-
itability over time. To accurately determine profitability,
one must also evaluate the associated costs of labor, infrastruc-
ture, and treatment frequency in conjunction with the product’s
value. In addition, acaricides that are applied by pour-on cannot
be administered to lactating dairy cattle, so they cannot be used
as a unique control measure on dairy farms. A comprehensive
approach that combines various control methods is necessary to
ensure effective tick management.

Coformulated acaricides stands out as they are used by
83.33% of the surveyed farmers in spray baths or pour-on.
While a reduction in the concentration of active ingredients
in coformulation compared to their corresponding mono-
formulations is justifiable under ideal conditions, their effec-
tiveness may diminish in cases where resistance to one of the
active ingredients has already developed. “In such scenarios,
exposure to suboptimal concentrations could accelerate the
emergence of resistance against an otherwise effective mole-
cule present in the coformulation due to inadequate expo-
sure doses” [51]. Additionally, it was found that 25% of
farmers make their own coformulated acaricides by blending
different commercial acaricides, a practice reported in other
studies, where farmers try to maximize and prolong the
acaricidal effect [47]. While using coformulated acaricides
purchased or modified by farmers may be perceived as an
innovative and potentially more effective approach, it poses
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several concerns. It increases the costs associated with acari-
cide treatment and increases the risk of acaricide resistance
[23, 46]. Moreover, the use of these mixtures raises the risk of
poisoning in humans and animals (6% of animals getting
intoxicated by acaricides in this study), as the combinations
can significantly exceed the permitted dosage levels, particu-
larly when the same active ingredient is used.

It was observed that farmers with “good knowledge,” in
addition to chemical control, have implemented other meth-
ods for acaricide control, such as manual tick removal, the
addition of additives to regulate the pH of the water, use of
entomopathogenic fungi, herbal extracts or grazing manage-
ment. Although manual tick removal is only used by 33% of
the surveyed farmers, as it is considered a tedious technique,
it is known that if it is performed twice a week during milk-
ing, it reduces 21% of the parasite population [52, 53, 54].
Both the use of entomopathogenic fungi and herbal extracts
are practiced at a very low rate by farmers in the study areas
(5%). Although the use of entomopathogenic fungi has been a
practice used in other countries for several years, in Ecuador,
this alternative is relatively new and has been gaining impor-
tance since 2019 [55, 56, 57, 58], so we associate its low use to
the lack of knowledge of the technique and/or its unknown
effectiveness in the field. The same occurs with herbal extracts
such as neem or garlic, used in a few farms in the study areas
as an alternative to chemical control. Neem oil and garlic
extracts have potential as acaricides and insect repellents.
Neem plant contains azadirachtin, a chitin inhibitor, and gar-
lic contains about 94% of volatile sulfur compounds acting as
a repellent [3, 59, 60]. Following the line of acaricide control
with sulfur, some farms have implemented control through
baths with a mixture of sulfur and quicklime and/or the addi-
tion of sulfur to animal’s diet, which, according to studies
conducted in the study areas, seems to be a viable option
[61]. In addition, its efficacy has already been studied in other
mites, such as spider mites [62].

Another form of control alternative to chemical control
used in the study areas is the implementation of equalization
cuts in pasture management. In this method, grass residues
left by animals after grazing are cut. This technique would
help control acaricide infestation by creating open, unpro-
tected spaces in the paddocks. This alteration of the ecological
niches allows sunlight to enter directly, which increases mor-
tality in both adult ticks and larvae due to the effect of the
alteration of the electrolyte balance and the evapotranspira-
tion gradient [63, 64, 65]. Additionally, this technique helps to
expose larvae to biological controllers in the soil [66].

The MCA helped to better understand the interaction
between management variables, acaricide resistance, and
tick infestation; so, as mentioned earlier, the application of
different tick control strategies relies on farmers’ uptake,
knowledge, and perception of their effects. This kind of infor-
mation is crucial for improving tick control management,
particularly those practices that mitigate acaricide resistance
and ensure long-term solutions that help to sustain the effi-
cacy of tick control measures [30]. The use of alternative
control practices was found to be related to farmers’ knowl-
edge about ticks, with those with a better level of knowledge
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seeking alternatives to chemical control. Although most farm-
ers practicing alternative control methods belonged to Group 1,
some were also found in Groups 2 and 3, where acaricide
resistance and high tick infestation exist. This underscores
that effective and successful control requires a combination
of tools and strategy [30]. The use of alternative control must
be accompanied by proper acaricide management. In addition,
regardless of the treatment method, producers must be aware
of and correctly apply control methods to obtain maximum
benefits [67]. This can be achieved through farmer education
since many farmers only use chemical control because they are
unaware of other control methods [30, 67].

In this study, it was observed that the management of
acaricides and the management of grazing systems had an
impact on the presence or absence of high tick burdens on
the animals. On the one hand, the high level of infestation
was related to the use of extensive grazing and extreme fre-
quencies of spray baths (very frequent or very infrequent
treatments). We associate this with adequate tick control in
animals, which requires the right combination of strategies
[27-29]. Using an extensive grazing method causes animals to
spend more time in contact with ticks, which contributes to
increased infestation levels. As an effect of this, farmers, in their
eagerness to combat high tick burdens, reduce the time between
treatments (less than 15 days) [51, 68]. Although it could be seen
that this was the main mode of action, there were also farmers
that, despite having a high tick burden, applied acaricide baths
infrequently (more than 5 weeks), which indicates that these
farmers did not give importance to the presence of high tick
loads, nor did they look for ways to control them.

On the other hand, it was determined that for the farms
that managed a more intensive grazing system, the level of
infestation was lower. Although this has already been
reported in other studies [2, 69, 70], it is emphasized that
this form of control must be accompanied by acaricide appli-
cations to reduce tick load from 77% to 89% [71]. Although
this group of farmers used acaricide baths every 3 or 4 weeks,
which is recommended to break the life cycle of these para-
sites [2], work should be done to educate farmers to treat
only affected animals, since most of the farmers surveyed
applied acaricide treatments to all animals, regardless of
whether they required it or not.

Similarly, it was observed that farmers who tend to mix
different acaricides also opt for other more extreme practices,
including excessive and overdosage of acaricides (generally
organophosphates) and the use of other irritant substances
such as engine oil. These substances, in addition to irritating
and causing skin lesions in animals, are toxic to livestock and
humans if applied without adequate biosecurity measures
[51, 72]. In addition, using engine oil is a risky practice
that can cause food poisoning if it contaminates bovine pro-
ducts, which can affect human health long-term, even if
consumed at very low doses [73, 74]. Pajurek et al. [74]
presented a case of contamination of products of animal
origin (eggs) with high levels of toxic substances (polychlori-
nated dibenzo-p-dioxin, dibenzofurans (PCDD/Fs)) due to
the leakage of engine oil into the soil of the paddock where
the animals were found.
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4.2. Farmers’ Knowledge. According to previous studies con-
ducted as part of the project [7], it was determined that most
of the respondents had at least 20 years of experience in cattle
raising, so it is not surprising that the majority (93%) of the
respondents were able to recognize the tick species found in
the areas and perceived that its presence affected the farm’s
economy. However, not all farmers know the correct appli-
cation of acaricides, the presence of larvae in the paddocks,
and the predisposition to acaricide infestation in certain cattle
breeds. This practical knowledge of ticks contrasted sharply with
the lack of knowledge about TBDs and acaricide control regard-
ing the correct dosage and rotation of acaricides. The lack of
knowledge on these issues was already reported in studies by
[75, 76], which further mentioned the existence of a directly
proportional relationship between knowledge on TBDs and
tick control with increasing levels of education and training
courses for farmers. This makes sense since, in this study,
most respondents have a basic or secondary level of education
[7]. Although training is given at small rates, it is focused mainly
on reproductive issues or good milking practices.

Given that farmers have limited access to formal educa-
tion on ticks and TDB (training and university education),
we can conclude that their knowledge is based on practical
knowledge acquired through their farming experience and
knowledge transmitted from generation to generation by their
parents. Despite being informal, this knowledge can still be
used to design and implement specific educational and training
programs. These programs can help bridge the educational gap
by incorporating traditional wisdom and introducing contem-
porary techniques to improve livestock management practices.
This will empower livestock keepers with scientific knowledge
and enhance their traditional techniques [77].

It is important to note that education programs should
involve all decision-makers and stakeholders in acaricide
control. Although the farmer—owner has the final decision
on acaricide management, this decision may be influenced by
suggestions or advice from livestock workers or neighboring
farmers. Public veterinarians, while present in certain rural
areas, usually provide technical advice on production and
reproduction and leave sanitary control, including acaricide
management, to private veterinarians, who may only be avail-
able to some farmers. Decision-making is also influenced by
veterinary drug sellers, which in the case of large farms are
veterinarians from pharmaceutical companies that offer their
products from farm to farm; on the other hand, in the case of
small and medium producers, they accept advice from store
sellers, who in most cases have no veterinary training.

Training stakeholders, (1) farmers, (2) public and private
veterinarians, and (3) commercial representatives of veteri-
nary products, is crucial in acaricide control. The education
of farmers, including both employees and owners, should be
done through practical illustrated manuals or education pro-
grams. Studies have revealed that education and training
programs designed with more interactive, communicative,
and participatory approaches significantly impact the assim-
ilation of information and the effective implementation of
acaricidal control strategies [76, 78, 79]. It is crucial to train
public and private veterinarians in tick control, as their
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involvement in this field is limited. The creation of technical
manuals and training will help private veterinarians, public
veterinarians, and veterinary drug sellers provide accurate
technical advice and transmit their solid and updated knowl-
edge to farmers.

In addition, involving authorities in socioeconomic and
political reforms is crucial for successful long-term tick pop-
ulation management [17, 78]. The regulation of acaricide
sales by trained personnel, establishment of acaricide resis-
tance diagnosis laboratories, and implementation of socio-
economic and political reforms all play significant roles in tick
management. To stimulate the adoption of new policies, the
authorities must understand that although farmers are the
main social group affected both by the economic losses caused
by ticks and by being constantly exposed to acaricides (occu-
pational exposure), the misuse of these chemicals exposes the
general population if they consume food or drinking water
contaminated with acaricide residues [80, 81].

4.3. Perceptions of Cattle Tick Seasonality. The perceptions of
livestock farmers on seasonality and tick infestation in ani-
mals differed in the study areas despite both areas being
humid subtropical zones. On the one hand, rainfall in the
Quijos River valley is constant throughout the year, but there
is a dry season with less intense precipitation from July to
September [82, 83]. On the other hand, the Northwestern
Pichincha has a more defined dry season, characterized by
little or no precipitation between June and November [84]. It
is associated that ranchers in the Quijos River valley area
perceive tick infestation to be relatively constant throughout
the year, as there is no marked difference between the two
seasons. However, in the Northwest of Pichincha area, hav-
ing a more defined dry season, there is a difference in the
perception of a greater infestation by ticks in the months of
June to November, months corresponding to the dry season.
Farmers’ perception of a higher prevalence of ticks during
the months corresponding to the summer season is consis-
tent with other studies where increased tick infestation in
summer is associated with elevated temperature and humid-
ity that stimulate tick development, survival, and spread
[83, 85, 86, 87]. This perception of a higher level of infesta-
tion in the dry season may also be associated with the fact
that in season, as the availability and quality of pasture
decreases, animals spend more time in the paddocks, which
exposes them for a longer time to ticks [88]. Moreover, at this
time, as a result of the lack of paddocks, farmers in the areas
move the animals to external paddocks, which increases the
risk of infestation [7]. In addition, animals with low nutrition
are more attacked by ticks [89].

4.4. Effect of Tick Infestation. According to the farmers’
reports, the diseases affecting these tropical areas were
observed. While TBDs were not the most prevalent disease
in the study areas, they were the deadliest cause. Myiasis due
to D. hominis was also reported by several farmers (52%),
which can be related to the presence of ticks and poor acari-
cide control practices. The lesions caused by ticks or bad
control practices (overdose, motor oil) allow the entry of bac-
teria, fungi, and parasites [90]. In addition, it was observed
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that due to the improper use of acaricides, there were reports
of animals poisoned by acaricides, which died in most cases.
All farmers who participated in the participatory meet-
ings reported that tick infestation negatively affected animal
health and production. It was determined that decreased
milk production, weight loss, and the presence of TBDs
were the most frequent effects cited by farmers. Very few
farmers mentioned exposure to acaricides and environmen-
tal pollution as potential effects, which is consistent with the
low number of farmers with a good level of knowledge. By
contrast, the nonuse of correct individual protective equip-
ment and how farmers dispose of acaricide bottles are strong
environmental concerns. When weighing the economic losses
caused by ticks in three aspects: milk drop production, loss of
weight, and skin damage. It was observed that the greatest
weight in the proportional piling fell on the economic losses
caused by the decrease in milk, which we associate with the
fact that the study areas are dairy areas, and their main
income is the sale of milk. Although most of the participants
talked about the skin lesions caused by the presence of ticks or
larvae of D. hominis, at the time of weighing this aspect in the
economic losses, it was the one that received the least weight
in the proportional piling. This indicates that although it is a
visual problem that bothers the farmers, at the moment of
selling the animals, the good or bad condition of the skin does
not interfere with the remuneration received for their sale.

5. Conclusions

The application of tick control strategies strongly relies on
farmers’ uptake, knowledge, and perceptions of the control
effects [30]. This study identified tick control practices used
by dairy farms in subtropical areas and described common
and uncommon measures used. In our study, farmers with
good knowledge had lower infestation rates and acaricide
resistance. They were also most active in the use of alterna-
tive methods. While cross-sectional data cannot establish a
causal relationship, our results strongly indicate that a good
understanding of tick biology and well-informed use of tick
control is key for tick management. The right combination of
acaricidal control strategies can increase the efficacy of con-
trol methods, making them more cost-effective and ecolog-
ically sustainable [91]. Based on this and previous studies,
the importance of working on three points is highlighted: (1)
the implementation of an integrated tick-control program
that allows evaluating the effectiveness of the strategies and
the farmer uptake; (2) the education of farmers through the
creation of extension programs with interactive, communi-
cative, and participatory approaches and (3) the creation of
working groups with authorities, national, and international
experts. These three points together will help to promote the
creation of sanitary control policies. Understanding the com-
plex interplay between farmers’ characteristics, practices, and
perceptions is vital to developing well-informed strategies.
By exploring these dynamics, farmers can tailor interven-
tions to meet the specific needs and challenges faced by
livestock in the country. This approach enables the develop-
ment of more effective control measures that align with the
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reality of livestock management practices in Ecuador. The
implementation of customized interventions not only miti-
gates economic losses associated with tick infestations but
also enhances livestock health and productivity, benefiting
both producers and consumers. This will help to control the
advance of resistant tick populations, a global problem in
which FAO [92] works in multidisciplinary and multi-
sectoral programs to plan and collaborate in the sustainable
management of cattle ticks. This kind of information is also
crucial for improving tick control management in Ecuador,
particularly to try to implement practices that mitigate acar-
icide resistance and ensure long-term solutions that help to
sustain the efficacy of tick control treatments.
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