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ABSTRACT: Here, single-trap, multiple-release-recapture field experiments were used for
the first time to estimate the trap sampling area and absolute population density from trap
catches for the coffee berry borer (CBB) Hypothenemus hampei (Ferrari). Fluorescent-
dusted CBBs were released at several distances at all four cardinal points from an ethanol-
methanol-baited multifunnel trap. Only 2.6 % of released beetles were recaptured, and
recaptures decreased significantly with increasing release distances. The recapture
analyses revealed that CBB moves randomly in the field and disperses at a maximum of
22.2 m. Despite the short plume of the trap (1.3 m), the calculated trap sampling area was
0.17 ha, with an overall catch probability of 0.01. Therefore, capturing 100 CBBs trap™
ha™ at the early filling stage of coffee beans reflects a 20.2 million borers ha™ population
at harvest. This results in a projected bean loss of 60.3 kg ha™'. The findings shed light on
improvements in using semiochemical traps and interpretations of catch data to enhance
the CBB integrated management. Future studies on the performance of attractants and trap
designs in different coffee farmscapes are encouraged to adopt the present methodology.

Introduction

Semiochemical-baited traps are pivotal in integrated pest
management (IPM) in agricultural and forestry systems
(Gut et al., 2004; Witzgall et al., 2010); nevertheless,
translating trap catches accurately into absolute
pest density, a crucial step in determining economic
thresholds has proven challenging (Miller et al., 2015;
Miller, 2020). Recent research has concentrated on
refining methods to estimate the effective sampling area
of these traps, utilizing theoretical, computational, and
field-based approaches (Adams et al., 2017a, b; Miller et
al., 2015; Kirkpatrick et al., 2018, 2019; Onufrieva et al.,
2020; Onufrieva and Onufriev, 2021).

This critical parameter defines the area
within which insects can reach a trap and has been
investigated through single-trap, multiple-release-
recapture experiments involving fluorescent-dusted
insects (Turchin and Odendaal, 1996; Miller et al.,
2015). Determining this sampling area is essential to
calculate trap density, estimate absolute pest population
density, and predict crop damage, thereby guiding pest
management tactics (Miller et al., 2015).

For the coffee berry borer (CBB), a devastating
coffee pest, alcohol-baited traps have been the primary
means of capture due to the beetle life cycle inside the
coffee berry (Vega et al., 2015). Effective management
requires targeting dispersing beetles before berry
colonization, making semiochemical-baited traps crucial
to detect their field movements (Vega et al., 2015).

Despite extensive research on the use of these
traps for CBB monitoring, consensus remains elusive
regarding trap spacing and catch data interpretation,
limiting the precision of IPM strategies (Mathieu et
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al., 1997b; Mathieu et al., 1999; Fernandes et al., 2011;
Messing, 2012; Pereira et al., 2012; Aristizdbal et al.,
2017; Johnson et al., 2018; Oliveira et al., 2018; Souza et
al., 2020; Johnson and Manoukis, 2020, 2021; Ruiz-Diaz
and Rodrigues, 2021).

This study pioneers the application of single-trap,
multiple-release-recapture experiments to define the
sampling area of an ethanol-methanol-baited trap for
CBB monitoring and estimate its population density. Our
specific objectives were to: 1) quantify the trap plume
reach and maximum dispersal distance of the CBB;
2) estimate the trap sampling area and overall catch
probability within the trapping area; 3) translate the
number of trapped CBBs into the absolute population
density; and 4) calculate the damage to coffee production
by the pest.

Materials and Methods

Test site

Field bioassays were conducted in the center of a 3-ha
field of Arabica coffee (Coffea arabica L., var. Catual
Vermelho IAC-44) on a Santa Teresa Farm, Espirito
Santo, Brazil (19°55'44.3" S, 40°44'38.1" W, altitude
450 m). The coffee trees were approximately 2 m high,
three years old, and grown at full sun at a spacing of 2.5
m (between rows) x 1 m (within rows), with a density
of approx. 4000 trees ha™'. The plot was neighbored
by areas of Atlantic Forest remnants (North and East
faces), eucalypt (South), and Arabica coffee (same
variety above; West). The experimental plot received
no biological or chemical control for CBBs for one year
before and during the tests.
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Source of beetles

Adults of CBB used for the release-recapture experiments
were reared from infested coffee berries at the “raisin”
stage collected from an Arabica coffee field adjacent to
the abovementioned field on 14 May 2019. Coffee berries
were disinfected with a solution of water, dish detergent,
and sodium hypochlorite, according to the protocol of
Silva et al. (2012), to minimize fungal contaminants.
Next, a single layer of treated berries was placed in plastic
containers lined with paper towels and covered with white
voile fabric. The containers were kept in a shed (approx.
25 °C, 60 % relative humidity, and approx. L12:D12
photoperiod) on the farm. The containers were placed on
a windowsill under indirect sunlight to stimulate beetle
emergence (Mota et al., 2017). Containers were checked
hourly for emerging beetles from 13h00 to 17h00,
corresponding to the peak interval of colonizing females
leaving the berries (Baker et al., 1992; Mathieu et al.,
1997a). The age of the beetles could not be estimated as
they emerged from field-infested coffee berries. However,
only CBBs up to 2 d after emergence (individualized in
empty containers), which displayed a high capacity for
flight and movement, were used for the assays.

Marking CBBs

In the morning of the tests (9h00), emerged CBBs
were placed in groups of 100 individuals into 45-mL
centrifuge tubes and then transferred to Petri dishes
(90 mm diameter x 15 mm high) lined with filter paper
containing roughly 4 mg of DayGLO fluorescent dust
(DayGLO Color Corporation). The dishes were kept
under LED light for 2 h to stimulate the insects to move,
improving the coverage of their bodies with fluorescent
dust. This protocol has been successfully validated for
marking CBB (Acevedo-Bedoya et al., 2009) and several
other scolytine species (Turchin and Odendaal, 1996;
Byers, 1999; Poland et al., 2000; Dodds and Ross, 2002;
Dolezal et al., 2016; Meurisse and Pawson, 2017), where
the fluorescent dust has not affected longevity, flight
initiation, and semiochemical detection of the marked
beetles. Groups of 100 CBBs for each release distance
were dusted with a different DayGLO fluorescent color,
including ECO11 Aurora Pink® ECO13 Rocket Red™,
ECO15 Blaze Orange™, ECO17 Saturn Yellow®, ECO18
Signal Green™, ECO19 Horizon Blue™, and ECO21
Corona Magenta™. The marked insects were transferred
to a Petri dish containing only filter paper and transported
to the field inside a black plastic container to prevent
light stimulation.

Semiochemical-baited trap
We used a custom-made red 4-unit funnel trap modeled
after the traps used by Lindgren (Lindgren, 1983;

Mathieu et al., 1997b) (Figure 1A). The trap basin was
fitted with a collection jar (7 cm diam. x 14 cm high)
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lined with sticky black cardboard at the bottom to
retain and preserve the marked CBBs. The attractant
consisted of a 50-mL polyethylene flask filled with
a 1:1 mixture of 99 % ethanol and 99 % methanol.
The flask was fitted with a 70-mm-long cotton-string
wick inside a polyethylene pipe (40 mm long X 2 mm
diameter) to provide a constant and uniform release
of the alcohol mixture at approximately 1 g d!, which
was determined by gravimetric release tests following
the methods by Sullivan (2005) (data not shown). The
proportion and release rate of the alcohols adopted here
have been proven optimal for CBB attraction (Mathieu
et al., 1997b; Mathieu et al., 1999; Silva et al., 2006;
Dufour and Frérot, 2008). The attractant was hung in
the trap center, and the trap was suspended on a 1.5 m
inverted-L steel reinforced bar fixed to the ground, with
the dispenser at roughly 1.2 m above the ground.

Release-recapture of marked CBBs

Groups of 100 females of CBBs were released in the
four cardinal points at 2, 4, 8, 12, 16, 20, and 24 m
from a central alcohol-baited trap (Figure 1B), totaling
400 beetles dusted with the same fluorescent color per
distance. Beetles were released at 15h00, that is, during
the daily flight activity peak of CBBs (Baker et al., 1992;
Mathieu et al., 1997a), by opening the Petri dishes on
brick platforms 0.5 m above the ground and allowing
the beetles to fly freely. The trap was serviced once a
day at 18h00 (starting on the following day) for three
consecutive days, after which marked CBB females
were no longer recaptured, as confirmed in previous
trials (data not shown). The sticky cardboard liner was
replaced and the alcohol reservoir was refilled after
each evaluation. Marked CBBs (Figure 1C) stuck on the
cardboard liners were counted with a stereoscope under
ultraviolet light, rendering them fluorescent (Turchin
and Odendaal, 1996; Meurisse and Pawson, 2017).
The count of marked CBB females from a three-day
collection was considered a replicate. The experiment
was repeated five times during the postharvest period of
coffee (i.e., lack of berries), on May 21 and 25 and June
4, 8, and 16 2019. This period was chosen to avoid any
potential competitive effect of berries (i.e., visual and
olfactive) (Vega et al., 2015) with the central alcohol trap
on the attraction of released beetles.

The tests were conducted under clear skies
with maximum air temperature of 14-26 °C and daily
wind speed averaging 0.1 to 3.0 m s recorded from
a weather station (Instituto Nacional de Metereologia
- Santa Teresa) located approximately 18 km from the
experiment site.

Release-recapture data analysis
Recapture raw data of marked CBBs from the five

replicates were analyzed by the linear and non-linear
regression, using least squares as the fitting method. The
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Figure 1 — lllustration of methodology for single-trap, multiple-release-distance experiments: A) red four-unit funnel trap used as central
semiochemical trap; B) multiple-release experiment design with color circles showing distances of releases at four cardinal directions of a

central trap; C) coffee berry borers marked with fluorescent dust.

linear regression was specifically used to determine the
relationship between the proportion of recaptures and
release distances. Moreover, following the terminology
and methodology of Miller et al. (2015), we constructed
three scatter plots, from which non-linear fit curves
were generated, including: 1) untransformed proportion
of recaptured CBBs (spTy,) versus release distance from
the central trap. In this case, when the fitted curve
pattern was smoothly concave, approaching to zero
catch asymptotically, the plot indicated that the release
distances were adequately selected and that the target
insect moved randomly in the field (Miller et al., 2015);
2) inverse proportion of recaptured CBB females (1
mean spTy, ™) versus release distance from the central
trap, whose slope was used to determine the trap plume
reach from plotted standard curves (i.e., Figure 4.12 in
Miller et al., 2015); and 3) annulus area of release x
spTs, versus release distance from the central trap. The
resulting fit line was projected from the origin toward
the intersection point on the x-axis to determine the 95 %
maximum dispersal flight distance of the CBB population.
As no marked CBBs were recaptured at 20 and 24 m (see
the Results section), these distances were excluded from
the analyses (Miller et al., 2015). The best-fit models
considered satisfied the assumptions of normality
of residuals (Shapiro-Wilk test), homoscedasticity of
variance of residuals (homoscedasticity plot or test for
appropriate weighting of the sum of squares), and with
the highest R®. All analyses and tests were made in
GraphPad Prism version 10.0.2 for Windows (GraphPad
Software).

As the plume reach could not be accurately
estimated using standards curves (Miller et al., 2015;
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see the Results section), we alternatively calculated the
effective attraction radius (EAR), which measures the
strength of attraction of a semiochemical trap, following
the equation by Byers (1999): N, = Ny x (EAR/R x
@), where N, is the predicted number of recaptured
marked beetles, Ny is the number of released marked
beetles within the trap radius, R is the trap radius (i.e.,
farthest release distance that resulted in capture) and
EAR is the effective attraction radius (m) of the trap. In
a Microsoft Excel spreadsheet, we simulated the effect
of EAR on N,. The EAR value best fitted to our data
was determined by incrementing the EAR in steps of
0.01 from O until the value that resulted in the closest
value of N, to our observed recaptured data (Byers,
1999). The area of each trapping annulus was calculated
by subtracting the inner radius squared from the outer
radius squared and then multiplying by @ (Adams et al.,
2017b). The trapping radius was calculated by summing
the maximum dispersal flight distance and plume reach
(EAR). The entire trapping area was calculated using the
circle area equation, that is, @ x trapping radius squared.
The weighted average for the capture probability (Ty.,) of
CBBs was calculated by dividing the mean annulus area
x spTy, by the mean annulus area.

Estimating the absolute CBB population density
from trapping data

The absolute population density of CBBs (n° colonizing
females ha™') was estimated from the total number of
conspecific beetles caught per monitoring trap per ha
within a trapping period of 3 d. For that, the number
of trapped CBBs was initially divided by the trap area
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(ha) and then by Ty, (Miller et al., 2015). Because CBB
males are significantly outnumbered and do not leave
the berries (Vega et al., 2015), they were not used for
population density or crop damage estimation (below).

Estimating coffee losses caused by CBB

We estimated the damage to Arabica coffee production
caused by the CBB in the region of Santa Teresa, where
the experiments were carried out. Damage was based on
the estimated CBB population density (see the Results
section), as well as the average data on the intrinsic rate
of natural increase (r = 0.045) and generation time (T
= 65.3) at approx. 21.2 °C (Ruiz-Cardenas and Baker,
2010), which corresponds to the average temperature
in Santa Teresa from Jan (early filling of coffee beans)
to May (harvest). Consequently, nearly two generations
(F2) of the pest may occur during this period (Ruiz-
Cérdenas and Baker, 2010). The net reproductive rate
(Rg) - the average number of females produced in
two successive generations - was calculated for each
generation following the formula in Birch (1948): R, =
exp” * 7. The average number of individuals sustained
per coffee berry is approximately 100 (Jaramillo et
al., 2009). As berries harbor two seeds, the number of
coffee beans bored by the insect per ha was obtained
by dividing R, by 50. From the average weight of 100
traded coffee beans with 12 % water content (15 g), we
estimated that roughly 6667 beans yield 1 kg. Therefore,
to express losses in kilograms of coffee beans per ha, we
divided the number of bored beans by 6667.

Results
Release-recapture of marked CBBs

Overall, circa 97.7 % of the 2800 marked CBBs in
each of the five replicates flew; they were not found
dead either on or under the releasing platforms. From
the seven release distances, recaptures by the central
semiochemical-baited trap occurred until the radius of
16 m. The overall recapture of the dispersing beetles was
2.6 % (Table 1). Of these recaptures, 98.6 % occurred
within the first 24 h after release, 1.4 % between 24
and 48 h, and no beetle was recaptured after this period
(Table 1). Moreover, roughly 96 % of recaptures at
release distances 2 and 4 m and 100 % at the remaining
distances occurred within the first 24 h after release
(Table 1). Additionally, there was a significant decrease
in the proportion of recaptured beetles with the increase
of the release distance (F = 266.8, df = 23, p < 0.0001),
with the linear regression model explaining nearly 92
% of the total variance of the recaptures (Figure 2). The
mean (+ standard error n = 5 replicates) proportion of
recaptured beetles for the closest release distance at 2
m was 0.072 + 0.006 and was 0.005 + 0.001 for the
farthest distance of 16 m. The overall catch probability
for all trapping annuli areas (T,) was 0.01.
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The non-linear fit curve for the untransformed
proportion of recaptured CBBs by release distance
was smooth concave, approaching the zero asymptote
as the recaptures decreased with regular increases in
the distance from the central alcohol trap (Figure 3A).
The inverse proportion of recaptured CBBs by release
distance (Figure 3B) was linear over the closest data
points, with a steep slope (9.599) off the plot standard
curve of Miller for the plume reach estimation.
Alternatively, the estimated EAR of the alcohol trap
was 1.3 + 0.1 m. Finally, the projected x-intercept for
the second-order polynomial curve of the annulus area
of release x spTy, by release distance showed that the
95 % maximum dispersal distance for the released CBBs
was approximately 22.2 m (Figure 3C).

The sum of EAR and maximum dispersal flight
distance equated to a sampling area for the present
alcohol trap of about 1,734.9 m*or 0.17 ha.

Table 1 — Mean (+ SE) number of marked coffee berry borers
released at different distances from a central red 4-unit funnel
trap baited with ethanol and methanol and percentage of
recaptures per release distance and over time (N = 5 replicates).

R.elease N° of % of % recaptured over LEime after
distance beetles _ recapture release (h)

(m) released 48 72
2 3896+0.7 72+06 976117 2417 0
4 391.8+09 32+03 952+20 48+20 0
8 391.0+10 14+02 100 0 0
12 390.2+1.1 09+0.1 100 0 0
16 3916+1.1 05+0.1 100 0 0

*Number of marked beetles (from 400 individuals) that flew from release
platforms. °Calculated based on the total number of beetles recaptured
for that distance.

Figure 2 — Proportion of recapture (spT,,) of marked coffee berry
borers at different release distances from a central ethanol-
methanol-baited trap. Dependent and independent variables
were logarithmically transformed to address the assumptions for
linear regression. Solid line represents the best-fit model and the
grey area shows 95 % confidence intervals.
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Figure 3 — Non-linear regression analyses of data from single-
trap, multiple-release-distance experiments with marked
coffee berry borers. A) Proportion of recapture (spT,) versus
release distance (m) from a central, alcohol-baited trap; B)
Inverse of recapture proportion by release distance; C) SpT,
x trap annulus area over release distance. Solid line in each
panel represents the best-fit non-linear model. The grey dot in B
shows the outlier deleted from the analysis using the GraphPad
Prism outlier detector at Q = 1 % (Motulsky and Brown, 2006).
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Estimating the absolute CBB population density
from trap data

From catches of 1, 10, and 100 colonizing CBB females
per monitoring trap ha™, we estimated an absolute
population density of 565, 5,653, and 56,530 individuals
ha™!, respectively.

Estimating losses to coffee production caused by
CBBs

From the initial population density of 56,530 colonizing
CBB females ha™ (see above) at the early filling stage
of coffee beans, the estimated net reproductive rate
(R,) value at coffee harvest (generation F2) was roughly
20.2 million borers ha. Consequently, the estimated
production loss of green coffee beans was around 60.3
kg ha™.

Discussion

The effective sampling area of the alcohol-baited
multifunnel trap to monitor colonizing CBB females
is approximately 0.17 ha. This parameter relied
primarily on the maximum dispersal flight distance of
CBBs within the trap radius rather than the reach of
the trap plume. This pattern agrees with the low catch
probability obtained in our study, which occurs when
the net distance traveled by an insect is significantly
longer than the reach of the odor plume (Miller, 2020).
Here, we considered the EAR (Byers, 1999) as the plume
reach of the alcohol trap. Our estimated EAR aligns with
several other studies (i.e., < 2 m), regardless of the trap
model and semiochemical type (Schlyter, 1992; Byers,
1999; Miller et al., 2015).

The short plume reach of ethanol and methanol
might be related to their physicochemical properties.
For example, plant-derived kairomones of low
molecular weight, such as straight short-chain alcohols,
produce odor-plume that diffuse and fade faster in
the environment, hampering detection by the insect
antennae far from the emission point (Gut et al., 2004).
In addition, daily shifts in wind speed, temperature,
and atmospheric turbulence levels can affect the odor
plume structure (Elkinton et al., 1984; Cardé and Willis,
2008). For instance, as wind currents change speed and
direction, vegetation obstacles, such as coffee trees, could
break the semiochemical plume (Turchin and Odendaal,
1996). However, although we were unable to measure
wind speed in the experimental locale, the nearest
weather station recorded a relatively low wind speed
during the daily flight peak of the CBB, that is, from late
morning to mid-afternoon (Baker et al., 1992; Mathieu et
al., 1997a). Besides, the wind speed was probably even
lower inside the coffee plot (Johnson and Manoukis,
2021), which could have reached or approached optimal
levels (approximately 1 m s™) for diffusion and stability
of the semiochemical plume (Miller et al., 2015).
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We obtained an overall low recapture rate of the
marked CBBs with catches decreasing as a function
of the released distance from the central trap, which
is line with most mark-release-recapture studies
(Turchin and Odendaal, 1996; Byers, 1999; Dodds and
Ross, 2002; Miller et al., 2015; Adams et al., 2017a, b;
Meurisse and Pawson, 2017; Kirkpatrick et al., 2018,
2019). In fact, the number of marked CBBs released
in the experiments was equivalent or superior to those
used for other scolytine beetles (Turchin and Odendaal,
1996; Dodds and Ross, 2002). Moreover, we observed
very low mortality before or during the releases, and it
is unlikely that most of the "disappeared” marked CBBs
died during the next three days of experiments. These
beetles may survive ten days without food (Mathieu et
al., 1997a) and find refuge in dry coffee berries or other
coffee tree tissues (Vega et al., 2015). Additionally,
mortality of marked CBBs due to the fluorescent
dust has shown to be like non-marked beetles, for
instance, only about 5 % 3 d after dusting (Acevedo-
Bedoya et al., 2009). Besides, our line fitted for the
untransformed proportion of recapture by the release
distance revealed that the CBB moves randomly in the
field and that the release distances were appropriately
chosen (Miller et al., 2015). Finally, the overall catch
probability in cardinal-direction releases has been like
that of 11 releases (Adams et al., 2017b) thus indicating
the suitability of our experimental design.

Therefore, in addition to the weak attraction
power of the alcohol trap, two other important factors
might have contributed to the low recapture rates.
First, the coffee tree rows might have affected the
dispersal direction of marked CBBs, as the beetles
may have landed on these obstacles soon after taking
off and then returned to flight in random directions
(Byers, 1999). For instance, most recaptures occurred
within the first 24 h after release, and all recaptures
from distances 8, 12, and 16 m occurred during this
period. Therefore, most beetles that flew had possibly
already been dispersed out of the trap attraction range
after 24 h (Schlyter, 1992). Second, we used newly-
emerged CBBs for experiments, and most of them
might have needed, although yet to be confirmed, a
prior adaptative flight period to become responsive
to the alcohol trap. For example, flight-experienced
xylophagous and saprophytic scolytine beetles
exhibited a relatively immediate chemotactic response
to semiochemical traps compared to freshly-emerged
beetles (Duelli et al., 1997; Byers, 1999; Meurisse and
Pawson, 2017). Due to the higher reserves of lipids and
glycogen in individuals of the last group, they may have
extended the flight period and consequently dispersed
outward the semiochemical trap vicinity (Duelli et al.,
1997; Byers, 1999). This adaptive flight may last from
minutes to hours, where it appears to have occurred the
transition from phototactic to chemotropic orientation
behavior (Duelli et al., 1997; Byers, 1999; Meurisse and
Pawson, 2017).
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Although coffee trees may shorten the duration
of continuous flights, the dispersive capacity of the CBB
appears relatively modest. For example, this beetle has
been recorded infesting coffee berries on trees at 40 m
from the release point after 24 h, under the same wind
speed, similar to the findings in the present study (Gil
et al., 2015). This corroborates laboratory observations
on CBBs flying continuously for over 22 min before the
first landing and displaying successive flights for up to
3 h (Baker, 1984). Furthermore, CBBs use coffee trees
as bridges to disperse through connected coffee plots
(Avelino et al., 2012), thus allowing these beetles to reach
tens to hundreds of meters (Baker, 1984; Gingerich et
al., 1996, Mathieu et al., 1999; Gil et al., 2015). Besides,
the fact that a small percentage of CBBs have been
trapped at heights between 2.5 and 3.5 m (Ruiz-Diaz and
Rodrigues, 2021) also indicates that these beetles can
fly upwards above coffee trees from where they could
likely disperse to farther distances helped by stronger
wind currents. However, the dispersive capacity of CBB
still needs estimations, which could be addressed by
releasing marked beetles in the center of concentric rings
of semiochemical traps, where a variable number of traps
per ring and distances from the release point are adopted
(Turchin and Odendaal, 1996; Byers, 1999; Poland et
al., 2000; Meurisse and Pawson, 2017). In addition, the
first ring should have the lowest trap number and be
appropriately spaced from the release point, avoiding
thus trap interference by plume overlapping that could
underestimate the recaptures and bias catches toward the
closest rings (Turchin and Odendaal, 1996; Byers, 1999).

Nevertheless, our estimated sampling area
suggests the use of approximately six traps ha™ for CBB
monitoring, which is lower than the average of nearly 19
traps ha™ (range 2 - 59 traps ha™) that has been reported
elsewhere (Mathieu et al., 1999; Fernandes et al., 2011,
Pereira et al., 2012; Aristizabal et al., 2015, 2017; Johnson
et al., 2018; Souza et al., 2020; Johnson and Manoukis,
2020, 2021). This is economically desirable, as it reduces
costs with traps, attractants, and labor time for sampling
this coffee pest.

Another critical approach in the present study was
the estimation of CBB population density using trapping
data. We showed that capturing an average of one CBB
monitoring per trap ha” equates to a most-probable
population density of 565 conspecific beetlesha™. Thisresult
can be ascribed to the fact that most released marked CBBs
were not recaptured, as reported above. Thus, trapping 100
CBBs ha™! at the early filling stage of Arabica coffee beans,
that is, 120 days after flowering (Ruiz-Cardenas and Baker,
2010; Vega et al., 2015), corresponds to approximately
56,530 borers ha™. Consequently, the projected losses at
harvest reaches roughly 4.5 %, considering the average
Brazilian Arabica green coffee beans yield of around 1,330
kg ha' (CONAB, 2022).

In Brazil, the economic threshold level for CBB is
4.3 % of infested coffee berries ha™, corresponding to
400 borers trap™ ha™ at the flowering period (Fernandes
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et al., 2011). Our estimates, in contrast, indicate that
this threshold may be reached with nearly 95 trapped
CBBs ha™', which equates to losses below 57 kg of
green coffee beans ha™'. However, our estimations for
damages to crop production still need conciliation with
the actual progression of fruit infestation in the field
(Baker and Barrera, 1993); therefore, the estimations
should be cautiously adopted.

The present findings shed light on improvements
to the use of alcohol traps and on the interpretation
of catch data to enhance the integrated management
of CBB. However, our study still needs refinement.
Therefore, our experiments should be conducted in
different coffee-growing systems and locations to
estimate the corresponding trap sampling area. In
addition, future studies on the performance of new
attractants and trap designs for CBB monitoring are
encouraged to adopt the methodology used in the
present study.
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