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Abstract. Zapata J, Cabezas L, Vaca M, Llerena J, Masaquiza D. 2026. Cypermethrin resistance in Rhipicephalus microplus from
cattle farms in the Ecuadorian Amazon. Asian J Agric 10 (1): gl00180. https://doi.org/10.13057/asianjagric/g100180. Acaricide
resistance in the cattle tick Rhipicephalus microplus represents an important sanitary challenge associated with herd management
practices in tropical livestock systems. In the Ecuadorian Amazon, control of R. microplus frequently relies on the non-standardized use
of chemical acaricides, with cypermethrin widely applied and often used with limited product rotation and technical guidance. The
continued use of the same active ingredient contributes to the resistance of ticks to this product. In this study, the in vitro sensitivity of
R. microplus to cypermethrin was evaluated using the Larval Packet Test (LPT) at four livestock farms in La Joya de los Sachas, and the
relationship with management practices was determined. One hundred adult female ticks were collected and incubated under laboratory
conditions to obtain larvae for the bioassays, which were exposed to different concentrations of cypermethrin; lethal concentrations were
determined using Probit models. Additionally, a survey was administered to producers regarding the use of acaricides, treatment
frequency, treatment rotation, herd size, and access to veterinary assistance. With regard to mortality, a dose-response pattern was
observed across the different concentrations evaluated. LCso values ranging from 0.009 to 0.037 mg/mL were found, indicating
variability in susceptibility to cypermethrin across different farms. When classified based on the thresholds, one population was
susceptible (RRs0=1.00), and the others were classified as tolerant (RRs0=3.11-4.11). Farms reporting acaricide rotation, lower treatment
frequency, and technical assistance tended to exhibit lower RRso values, while larger herd sizes and more frequent treatments were
associated with higher resistance ratios. These findings suggest that integrated approaches combining resistance monitoring with

improved management practices may contribute to sustaining tick control in cattle production systems of the Ecuadorian Amazon.
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INTRODUCTION

The constant growth of the world’s population has
increased global demand for food, constituting a crucial
challenge for agri-food systems. This challenge is directly
related to human development indicators, given that food
security is a pillar of social and economic stability
(Sanchez-Hernandez et al. 2020). Agriculture and livestock
farming have responded with technological innovations
aimed at increasing production efficiency; however, both
sectors encounter structural and environmental limitations,
particularly in rural areas of developing countries (Alvarez
2020).

Cattle production is one of the main economic activities
in the Ecuadorian Amazon. The region's climatic
conditions characterized by high temperature, humidity,
and rainfall favor the proliferation of ectoparasites as the
cattle tick Rhipicephalus microplus (Makwarela et al.
2025).

Rhipicephalus microplus is the principal ectoparasite
responsible for direct economic losses in livestock
production through blood loss, skin damage, decreased
weight gain, reduced milk yield, and increased veterinary
costs (Rodriguez-Vivas et al. 2018). It is also the primary

vector for the transmission of diseases, such as bovine
babesiosis and anaplasmosis, leading to high morbidity and
mortality rates in cattle. The combined effect of ticks and
the  pathogens affects productive  performance,
reproduction, commercial value of the animals, and
consequently the producer’s profits (Abbas et al. 2014;
Rodriguez-Vivas et al. 2018). Infestation by this
ectoparasite is one of the main challenges for livestock
farming in tropical areas.

The economic losses caused by ticks are significant.
They are estimated at more than USD 7 billion annually
worldwide (Rodriguez et al. 2023). In Latin America,
studies report losses exceeding USD 3 billion annually due
to R. microplus alone (Galvan et al. 2023).

The use of chemical acaricides is the primary method of
tick control in tropical livestock farming such as:
cypermethrin, being the most widely used product due to
its low cost. However, its use and without an adequate
rotation promotes the development of resistance in tick
populations (Obaid et al. 2022). In Latin America,
specifically in tropical regions, this phenomenon is widely
documented, affecting the viability of using chemicals as a
long-term strategy (Rojas-Cabeza et al. 2025). Resistance
to acaricides more than doubles control costs on farms with
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limited access to technology, a situation that increases the
vulnerability of small-scale farmers and justifies the need
to adopt integrated management approaches (Paucar-
Quishpe et al. 2024).

The resistance of R. microplus to various chemical as
pyrethroids can be attributed to various physiological and
genetic mechanisms, for example: mutations at target sites
and increased metabolic detoxification via enzymes:
esterases, cytochrome P450 monooxygenases, and
glutathione S-transferases (Abbas et al. 2014; Cossio-
Bayugar et al. 2024). Furthermore, management practices
on each farm, the treatment frequency, product rotation,
herd size, and access to technical assistance, also influence
resistance (Guerrero et al. 2012; Cossio-Bayugar et al.
2024). The design of sustainable strategies is a crucial
element that must be adapted to the production realities in
each region (Lagunes-Quintanilla et al. 2024).

Currently, there is limited information on studies
determining the susceptibility status of tick populations in
the Amazon region, as well as their relationship to
management practices on farms. However, recent studies in
Ecuador have demonstrated increasing resistance to
pyrethroids and macrocyclic lactones, as well as the
importance of environmental factors in acaricide resistance
(Paucar-Quishpe et al. 2024; Pérez-Otafiez et al. 2024;
Masaquiza et al. 2025).

Assessing tick susceptibility to acaricides is a strategy
that has been used in integrated pest management programs
for this ectoparasite. Its importance lies in the early
detection of resistance to wvarious active ingredients.
Likewise, one of the main tools used in the laboratory to
diagnose resistance to acaricides is the Larval Packet Test
(LPT), which allows the establishment of a dose-response
relationship in larvae exposed to different concentrations of
acaricides; thereby yielding Resistance Indices (RI). These
facilitate the comparison of sensitivity levels among
populations making it possible to compare populations
from different regions and production systems (Jongejan et
al. 2024; Pérez-Otafiez et al. 2024).

This study was focused on the hypothesis that R.
microplus populations from cattle farms in the Ecuadorian
Amazon exhibit heterogeneous  susceptibility  to

cypermethrin, due to differences in farm-management
practices and acaricide selection pressure. Specifically,
farms characterized by larger herd sizes, higher treatment
frequency, limited product rotation, and reduced technical
assistance were expected to show higher resistance ratios
(RRso) and reduced cypermethrin susceptibility compared
with farms by implementing more integrated management
practices. Therefore, this study aimed to evaluate the in
vitro susceptibility of R. microplus to cypermethrin using
the larval packet test and to explore descriptive patterns
between resistance indicators and tick management
practices in cattle farms of the Ecuadorian Amazon.

MATERIALS AND METHODS

Study area

The study was conducted in La Joya de los Sachas,
Orellana Province, Ecuador (00°17°S, 76°52"W; 270-320
m a.s.l.), an area characterized by humid tropical climate
conditions typical of the Ecuadorian Amazon. Mean annual
temperatures range between 24 and 27°C, with relative
humidity above 80% and annual precipitation exceeding
3000 mm (Instituto Nacional de Meteorologia e Hidrologia
(INAMHI) 2023). These environmental conditions favor
the proliferation and persistence of R. microplus ticks in
bovine production systems. Sampling was conducted
between May and July 2025, corresponding to the period of
higher tick infestation reported by producers in the study
area.

Procedures
Selection and collection of tick samples

A total of 100 adult R. microplus ticks were collected
from naturally infested cattle on four livestock farms within
the study area (Figure 1), with 25 engorged adult females
collected per farm. On each farm, approximately 10 to 15
animals were inspected during routine sanitary evaluation
to identify animals with sufficient tick infestation for
sampling.

76°54'0"W 76°48'0"W

0°12'0"S

0°180"S

0°24'0"S

0 2.5 5km
[}

0°240"S

76°48'0"W

76°54'0"W

Figure 1. Geographical location of the study area in La Joya de los Sachas, Orellana Province, Ecuador, showing the spatial distribution
of the cattle farms sampled for Rhipicephalus microplus collection and cypermethrin susceptibility evaluation during 2025
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Between | and 3 engorged ticks were collected from
each animal, up to a total of 25 per farm. Animals were
selected based on visible infestation, defined as the
presence of at least 10 adult ticks per animal, without
restriction on breed or age, reflecting typical field
conditions. Farms were selected using purposive sampling
to represent contrasting tick management conditions typical
of the study area. Selection criteria included differences in
acaricide use patterns, treatment frequency (<6 to >6
applications per year), herd size (<25 to >60 cattle), and
access to veterinary technical assistance, classified as
presence or absence of professional guidance.

The influence of these variables on selective pressure,
as well as on the development of resistance to acaricides in
R. microplus, is widely documented. Similarly, although
the number of farms was small (n=4), they are
representative of production systems in the Amazon region,
allowing for comparisons of field conditions.

Fully engorged adult females were selected as the
inclusion criteria for larval production, following general
recommendations for tick bioassays and larval production
procedures (Food and Agriculture Organization (FAO)
2004; Jongejan et al. 2024). Ticks were manually removed
from body regions with visible infestation, prioritizing
specimens in adequate physiological condition, including
complete engorgement, intact body structure, and absence
of visible damage. Removal was performed carefully to
avoid damage to the hypostome and reproductive structures
(Rivera et al. 2009). This procedure was carried out during
routine sanitary inspections with the consent of farm
owners.

Specimens were taxonomically identified using
dichotomous keys and stereoscopic observation according
to Dantas et al. (2019). Collected ticks were transported to
the laboratory under controlled conditions, cleaned by
gently removing external debris with distilled water and
absorbent paper, visually inspected, incubated and
processed for larval production for subsequent bioassays.

Larval production

The engorged ticks were placed in labeled Petri dishes
and incubated at 27-28°C and 85-95% relative humidity
until oviposition. Egg masses were maintained in the
incubator under the same conditions until hatching. Larvae

between 14 and 21 days old were used for the larval packet
test.

Farm management component

A structured epidemiological survey was conducted
among farm owners to determine the control practices used
to combat ticks. The survey included questions about farm
management and the use of acaricides. Data was obtained
about: acaricides used, rotation of active ingredients,
frequency and method of application, number of animals,
production goals, livestock replacement, acaricide dosage,
and access to veterinary care. This information was cross-
checked with the records available at each farm.

The variables collected were previously classified to
facilitate comparison among the farms (Table 1). Farm size
was classified based on the total number of animals, and
the total amount of acaricide applications made during the
year was considered the treatment frequency; similarly, the
change in active principle during the year was considered
product rotation. Given the small number of farms in the
study (n=4), the comparison was descriptive for data
related to management practices.

Preparation of dilutions

Technical grade cypermethrin (40% active ingredient)
was used. Serial dilutions were prepared in a vehicle
mixture of olive oil and trichloroethylene (7:14 v/v)
following the standardized larval packet test protocol
described by Jongejan et al. (2024). Eight concentrations
were prepared: 0.00312%; 0.00625%; 0.0125%; 0.025%;
0.05%; 0.1%; 0.2%, and 0.4%, plus a control treatment
containing only the solvent (Table 2).

Larval packet test

The Larval Packet Test (LPT) was conducted following
a sequential protocol, including filter paper impregnation
with the cypermethrin solution, solvent evaporating,
package preparing, larval placement, incubating, and
mortality assessment. Bioassays were performed 14-21
days after egg hatching, when larvae were fully developed
according to Anderson and Magnarelli (2008), following
standardized procedures (Pérez-Otanez et al. 2024).

Table 1. Management variables considered in the analysis of cypermethrin resistance in Rhipicephalus microplus

Variable Description

Category

Farm size
Production purpose
Treatment frequency
Treatment type
Product rotation

Number of animals per farm
Primary production objective
Acaricide treatments per year
Application method

year
Tick seasonality
infestation
Uses of the recommended dosage
Receives veterinary assistance

Recommended dose
Veterinary assistance

Alternation of different acaricide classes within one

Season reported by farmers as having the highest tick

<25 -25-60 - >60

Milk - Meat - Mixed

< 6 times/year - >6 times/year
Spraying - Pour-on - immersion bath
Yes - No

Rainy season - Dry season - Year-round

Yes - No
Yes - No
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Table 2. Experimental design of the larval bioassay with cypermethrin

Treatment Description Concentration No. of Larvae per Total

(%) replicates replicate larvae
TO Control 0.00000 3 100 300
Tl Cypermethrin 0.00312 3 100 300
T2 Cypermethrin 0.00625 3 100 300
T3 Cypermethrin 0.0125 3 100 300
T4 Cypermethrin 0.025 3 100 300
T5 Cypermethrin 0.05 3 100 300
T6 Cypermethrin 0.1 3 100 300
T7 Cypermethrin 0.2 3 100 300
T8 Cypermethrin 0.4 3 100 300

Impregnated filter papers (Whatman No. 1, 7.5 x 8.5
cm) were treated with 0.67 mL of each solution and
allowed to dry for 30 minutes in a fume hood to ensure
solvent evaporation prior to larval exposure. Paper strips
were folded into packets and sealed with metal clips. A
total of 100 viable larvae were counted and introduced into
each packet, with three replicates per treatment. Packets
were incubated at 27-28°C and 85% relative humidity for
24 hours (Klafke et al. 2024), and mortality was assessed
by stereomicroscopic observation.

Data analysis

Larval mortality data from each bioassay were analyzed
using Probit analysis with POLO PLUS software (LeOra
Software 2004). Although cypermethrin concentrations
were prepared and applied as percentages following
standard larval packet test protocol, all Lethal
Concentration (LCso and LCy9) values were expressed in
mg/mL for statistical analysis. Percentage concentrations
were converted to mg/mL based on the 40% active
ingredient concentration of the technical grade
cypermethrin, and these converted values were used as
input for Probit analysis. This conversion was necessary to
standardize input values for Probit analysis based on the
active ingredient concentration. For each tick population,
lethal concentrations required to cause 50% (LCso) and
99% (LCs) mortality were estimated along with their
respective 95% confidence intervals.

In the absence of a cypermethrin-susceptible reference
strain, the tick population exhibiting the lowest LCso and
LCo values was used as the susceptible reference
population to calculate the Resistance Ratio (RR),
following the approach proposed by Daniele et al. (2021).
Resistance status was categorized using resistance ratios
derived from LCsy values (RRso), according to previously
proposed thresholds for cypermethrin susceptibility in R.
microplus, where RRso<3 indicates susceptibility, RRso
between 3 and 5 indicates tolerance, and RRso>5 indicates
resistance (Cabrera-Jiménez et al. 2008).

Differences among populations were interpreted
descriptively based on the overlap of 95% confidence
intervals. Given the limited number of farms included in
the study (n=4), the relationship between management
practices and resistance indicators was assessed
descriptively, without formal statistical inference. The
absence of a standard susceptible reference strain
represents a limitation, and comparisons should be

interpreted relative to the most susceptible population
identified in this study.

RESULTS AND DISCUSSION

Dose-response analysis and lethal concentrations

The Probit analysis provided the dose-response
relationship  between cypermethrin  and  mortality,
determining the 50% Lethal Concentration (LCso) and the
99% Lethal Concentration (LCss). Variations in LCso were
observed among farms with Farm 1 registering the lowest
value (0.009 mg/mL), which was used as a susceptibility
reference (Table 3). The other populations showed higher
LCso values, reflecting reduced sensitivity to the evaluated
product.

With respect to the LCos values, these were higher than
the LCso, reaching 3.03 mg/mL, resulting in the near-total
mortality of the tick populations. Differences were
observed across all the farms evaluated, where the dose-
dependent response varied in relation to the dose
administered. This demonstrated variation in susceptibility
among the farms; confirming that the toxic effect of
cypermethrin in La Joya de los Sachas does not have the
same intensity.

These differences are reflected, both in the separation of
the mortality curves and in the proportion of response
observed at intermediate and high concentrations (Figure
2). At the highest concentrations, larval mortality was near-
total in all populations, suggesting that, despite the
variability in susceptibility observed at lower doses;
cypermethrin remains effective when applied at high
concentrations.

Resistance ratio and population classification

Based on LCso values, Resistance Ratios (RRso) were
calculated for each population using the farm with the
lowest LCso value (F1) as the susceptible reference
population. RRso values were used to classify the evaluated
populations according to previously established thresholds
for cypermethrin susceptibility (Table 3).

This classification indicates that, within La Joya de los
Sachas, tick populations with different susceptibility levels
coexist, suggesting variability in selection pressure exerted
by acaricide use across the evaluated livestock systems.
The identification of tolerant populations suggests an
intermediate stage in resistance development, where
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control may still be achieved at higher concentrations, but
reduced susceptibility is already evident.

Larval packet mortality by farm

Analysis of larval mortality by farm revealed
differences in the response of R. microplus populations to
the evaluated cypermethrin concentrations. In F1 and F2,
high mortality levels were recorded even at intermediate
concentrations, whereas in F3 and F4 the highest doses
were required to achieve comparable levels of control. The
dose-response trend and differences in population
responses are clearly illustrated in Figure 3, which
compares mortality dose-response curves among farms.
These differences reflect intra-regional variability in
acaricide efficacy associated with the presence of tick
populations exhibiting different resistance levels, and with
differentiated sanitary management practices among the
evaluated livestock systems.

Local tick control practices and their relationship with
the Resistance Ratio (RRso) to cypermethrin

Descriptive patterns were observed between farm-level
management practices and the Resistance Ratio (RRso).

5/8

Farms reporting product rotation and access to technical
assistance, as well as lower treatment frequency (<6
applications per year), tended to show lower RRso values.
In contrast, higher RRso values were observed in farms with
larger herd sizes and higher treatment frequency (>6
applications per year). Farm-level management
characteristics and their relationship with RRso values are
presented in Table 4. However, given the limited number
of farms evaluated, these patterns should be interpreted as
exploratory and not as evidence of independent causal
relationships.

The patterns observed in Table 4 suggest that resistance
levels vary according to farm-level management
conditions, highlighting differences among the evaluated
production systems. From a management perspective, this
variability in RRso values suggests differences in acaricide
selection pressure among farms. Production systems
implementing rotation strategies and technical guidance
tended to show reduced selection pressure, whereas farms
with larger herd sizes and higher treatment frequency may
increase the exposure of tick populations to the same active
ingredient.

Table 3. Probit model estimates, lethal concentrations, and resistance ratios of Rhipicephalus microplus larval populations exposed to

cypermethrin

1D Slope = SE e p-value LCs0(95% CI) RR LCo9 (95% CI) RR Status

Fl 1.409+0.109 21.755 0.001 0.009 (0.007-0.010) 1.00  0.394 (0.278-0.606)  1.00 Susceptible (Reference)
F2 1.838+0.100 23.132  0.001 0.028 (0.025-0.033)  3.11  0.524(0.380-0.778) 1.33 Tolerant

F3 1.202+0.046 6.179 0.403 0.036 (0.032-0.040) 4.00 3.031(2.183-4.429) 17.69 Tolerant

F4 1.571+0.053 90.314  0.001 0.037 (0.030-0.046) 4.11  1.121(0.674-2.217) 2.84 Tolerant

Note: Slope values are presented with standard errors. ¥? and p-values correspond to the Pearson goodness-of-fit test. LCso and LCos are
shown with 95% confidence intervals. RRso and RRe were calculated using the most susceptible population as a reference
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Figure 2. Comparison of LCso and LCse (95% CI) of
cypermethrin in larval populations of Rhipicephalus microplus
from four cattle farms in La Joya de los Sachas, Orellana
Province, Ecuador. The x-axis is presented on a base-10
logarithmic scale (log). Points represent estimates derived from
the Probit model, and horizontal bars indicate 95% confidence
intervals

Mean mortality (%)
3

I
=]

0 A 2 3 4

Treatments

Figure 3. Dose-response curves of larval mortality (%) of
Rhipicephalus microplus exposed to cypermethrin in four cattle
farms in La Joya de los Sachas, Orellana Province, Ecuador. Blue
line: farm 1; red line: farm 2; green line: farm 3; orange line: farm
4. Points represent the mean values (n=3 replicates per
concentration and farm). Error bars indicate the 95% confidence
Interval (95% CI). Cypermethrin concentrations are presented on a
base-10 logarithmic scale (logwo). Treatments (doses): TO: 0%
(control); T1: 0.00312%; T2: 0.00625%; T3: 0.0125%; T4:
0.025%; T5: 0.05%; T6: 0.1%; T7: 0.2% and T8: 0.4%
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Table 4. Integration of farm-management characteristics, resistance ratios (RRso), and resistance interpretation in Rhipicephalus

microplus populations

Farm H.e rd Treatment Prodyct Tec.hmcal RRso Resistance interpretation
size frequency rotation assistance

F1 <25 <6 times/year Yes Yes 1.00  Susceptible population associated with lower selection pressure
and preserved cypermethrin susceptibility.

F2 25-60 <6 times/year Yes No 3.11 Tolerant population, suggesting reduced susceptibility despite
product rotation and low treatment frequency, possibly
influenced by limited technical assistance.

F3 >60 >0 times/year Yes No 4.00 Tolerant population associated with larger herd size and higher
treatment frequency, indicating increased selection pressure.

F4 >60 >0 times/year No No 4.11  Tolerant population with the highest RRso, associated with high

treatment frequency, absence of product rotation, and lack of
technical assistance.

Note: Interpretations are descriptive and exploratory due to the limited number of farms evaluated

Discussion
Dose-response analysis and lethal concentrations

The variability observed in the susceptibility of R.
microplus to cypermethrin suggests that resistance to this
acaricide does not manifest homogeneously among the
evaluated farms in La Joya de los Sachas. This pattern has
been previously described in tropical livestock systems,
where the selection pressure exerted by the continuous use
of pyrethroids generates populations with different
tolerance levels within the same geographic region (Pérez-
Otafiez et al. 2024; Rojas-Cabeza et al. 2025). The dose-
response pattern recorded in the bioassays indicates that
cypermethrin maintains efficacy at higher concentrations;
however, reduced mortality at lower doses suggests the
presence of less susceptible individuals, which constitutes
an early indicator of resistance development (Khating et al.
2024).

Similar variability in cypermethrin susceptibility among
cattle tick populations has been reported in other tropical
regions where chemical control remains the main strategy
for tick management. Studies conducted in Latin America,
Asia, and Africa have documented heterogencous
resistance patterns in R. microplus, reflecting differences in
acaricide use history, management practices, and
environmental conditions affecting tick population
dynamics (Sindhu et al. 2022; Khating et al. 2024). These
findings support the idea that resistance development is a
gradual and spatially heterogeneous process influenced by
both biological and management-related factors.

The Probit analysis allowed for a more accurate
estimation of the lethal concentrations (LCso and LCov),
revealing an increase in the LCso in certain populations.
This pattern could indicate a progressive decline in
susceptibility, even when the product appears to be
effective at higher concentrations. This phenomenon has
been identified as a critical phase in the development of
resistance where treatment failures may not yet be evident
in the field, but the future effectiveness of the acaricide
could be compromised due to the ongoing selection of less
susceptible individuals (Dzemo et al. 2023; Lema 2024).

Acaricide resistance in cattle ticks has been associated
with multiple mechanisms, including target-site mutations
and metabolic detoxification processes (Abbas et al. 2014;

Cossio-Bayugar et al. 2024). However, as no molecular
analyses were performed in this study, the observed
patterns in LCso and LCos values should be interpreted as
phenotypic responses, which these underlying mechanisms
may influence.

Resistance ratio and population classification

The Resistance Ratio (RRso) allowed the classification
of populations as susceptible or tolerant according to
previously established thresholds, indicating variability in
susceptibility. Similar findings have been reported in recent
studies, suggesting that the coexistence of populations with
different resistance levels within the same area reflects
variation in acaricide use and sanitary management
practices implemented by producers (Pérez-Otafiez et al.
2024).

From a practical livestock management perspective, the
presence of tolerant populations suggests that cypermethrin
may still be effective under certain conditions; however,
the increase in LCso values indicates a trend toward
reduced susceptibility. This scenario represents an early
stage in the development of resistance, where continued
use of the same active ingredient without rotation could
accelerate the selection of more resistant populations.

At the farm level, these patterns may be related to local
pest management conditions that influence selection
pressure on R. microplus populations, and consistent with
the interactions between biological processes and
management factors documented in previous studies
(Rodriguez-Vivas et al. 2018; Obaid et al. 2022; Paucar-
Quishpe et al. 2024). These results highlight the importance
of the rational use of acaricides, particularly through
rotation strategies and technical guidance to reduce such
pressure. In contrast, systems lacking these practices could
favor the progressive selection of less susceptible ticks,
compromising the long-term effectiveness of control.

Local tick control practices and their relationship with the
Resistance Ratio (RRso) to cypermethrin

Although the small number of farms evaluated (n=4)
prevented formal statistical inferences; descriptive patterns
were observed between management practices and the
Resistance Ratio (RRso). Lower resistance ratios tended to
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be associated with farms reporting product rotation and
access to technical assistance, which are key components
of integrated tick management strategies reported to reduce
the risk of acaricide resistance (Rodriguez et al. 2023;
Lagunes-Quintanilla et al. 2024). In contrast, production
systems with larger herd sizes and higher treatment
frequency (>6 applications per year) showed comparatively
higher resistance ratios, suggesting increased selection
pressure due to repeated exposure of tick populations to the
same active ingredient, as described in previous studies
conducted in medium and large-scale livestock systems
(Paucar-Quishpe et al. 2024; Makwarela et al. 2025).

The strong interrelationships observed among certain
management variables may reflect structural and
operational characteristics of the evaluated production
systems rather than independent causal effects. Such
dependencies are commonly reported in studies based on
sanitary management surveys, where technical decisions
such as access to veterinary assistance and product rotation
are often implemented jointly as part of integrated
management strategies (Lema 2024; Rojas-Cabeza et al.
2025). This descriptive pattern supports an exploratory
resistance-risk framework in which farm-management
practices may influence acaricide selection pressure and
cypermethrin susceptibility in R. microplus, although
causal relationships cannot be inferred from the limited
number of farms evaluated.

Implications for management

Overall, the results indicate that variability in
cypermethrin susceptibility in R. microplus may be
associated with multiple factors, including parasite biology,
acaricide use history, and farm-level management
practices, highlighting the importance of integrated
management strategies aimed at preserving the efficacy of
available acaricides (Rodriguez-Vivas et al. 2018).

The integration of in vitro resistance diagnosis with
information on farm management practices may contribute
to a better understanding of resistance patterns and support
the development of sustainable tick control strategies that
consider both scientific evidence and farm-level
knowledge, in order to preserve acaricide efficacy and
improve the sustainability of cattle production in the
Ecuadorian Amazon.

In conclusion, R. microplus populations from cattle
farms in the Ecuadorian Amazon showed heterogeneous
susceptibility to cypermethrin. The evaluated populations
showed LCso values ranging from 0.009 to 0.037 mg/mL
and RRso values between 1.00 and 4.11, indicating the
coexistence of susceptible and tolerant populations under
field conditions, one farm remained within the susceptible
category (RRs0<3), whereas three farms were classified as
tolerant (RRs0=3-5). Variability in resistance ratios (RRso)
appears related to certain farm-level management practices.
The farms that showed lower levels of resistance were
associated with practices such as: product rotation, received
technical assistance, and applied treatments less frequently,
whereas farms with larger numbers of animals and more
frequent treatments showed higher RRso values.

The use of cypermethrin in the Ecuadorian Amazon is
still in its early stages because of integrated strategies are
needed to combat this ectoparasite. However, the study was
limited by the small number of farms included and the lack
of molecular studies to determine the presence of mutations
associated with the resistance process.
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