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Introduction: Varroa destructor stands as the primary global pest of honey bees,

inflicting direct harm on bees while also acting as a vector for a multitude of

viruses. Integrated pest management is widely recognized as the optimal strategy

for minimizing acaricide application. Designed bottom boards that can limit the

growth of the mite population by removing them from the hive and preventing

their return and reinfestation of the colony show promising potential.

Methods: The aim of this study was to compare Varroa population growth by

employing three different types of bottom boards. An apiary of 55 colonies was

randomly divided into five groups according to the bottom board they had: 1)

tubular bottom board, 2) screen bottom board, 3) sticky bottom board, 4)

conventional bottom board with a permanent treatment with acaricide

(positive control), and 5) conventional bottom board (negative control). Varroa

infestation level in bees, colony strength (bee and brood population), and honey

reserves were determined between April and December (between autumn and

spring in the southern hemisphere).

Results: Colonies that had sticky bottom boards had approximately 50% less

Varroa infestation than colonies with conventional bottom boards at the end of

the study. Varroa infestation levels did not differ significantly between the tubular,

screen, and conventional bottom boards. Colony strength was similar in all

groups. No differences were observed in honey production between colonies

from different groups.

Discussion: The use of sticky bottom boards was the most promising board to

limit Varroa population growth and prevent colonies' reinfestation. This result

encourages future studies to analyze the incorporation of this strategy in

integrated pest management programs.
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1 Introduction

The ectoparasitic mite Varroa destructor is the main sanitary pest

of honey bees worldwide (Nazzi and Le Conte, 2016; Noël et al., 2020;

Traynor et al., 2020). This mite reproduces in brood cells by feeding

on the hemolymph of larvae and pupae, and has a phoretic phase

where it feeds on bees fat bodies (Rosenkranz et al., 2010; Nazzi and

Le Conte, 2016; Ramsey et al., 2019). In addition to the direct damage

caused byV. destructor it also acts as a vector of different RNA viruses

and favors their replication by suppressing the bees immune response

(Yang and Cox-Foster, 2005; Beaurepaire et al., 2020). The virus

mostly associated with V. destructor is the Deformed Wing Virus

(DWV) (De Miranda and Genersch, 2010; Wilfert et al., 2016). The

infestation of worker pupae by V. destructor decreases honey bees’

longevity (Amdam et al., 2004; Aldea and Bozinovic, 2020), increases

the titers of the DWV (De Miranda and Genersch, 2010; Beaurepaire

et al., 2020), and suppresses the immune response exposing honey

bees to infection by other organisms (Yang and Cox-Foster, 2005;

Annoscia et al., 2019). At the colony level, infected colonies reduce

their population and productivity (Currie and Gatien, 2006; Emsen

et al., 2014) and produce fewer swarms (Fries et al., 2003). In many

regions of the world, colonies that do not receive acaricides often

collapse (Rosenkranz et al., 2010). The synthetic molecules widely

used to control V. destructor are the organophosphate coumaphos,

the pyrethroids tau-fluvalinate and flumethrin, and the formamidine

amitraz (Rosenkranz et al., 2010). However, mites can develop

resistance to all of them and residues can persist in hive products

(Elzen et al., 2000; Maggi et al., 2011; Mitton et al., 2022).

Integrated pest management is a practice that is in growing

development to address diseases in animals, allowing for a

reduction in the use of conventional zootherapeutics. Regarding

honey bees colonies, it is considered the most effective approach to

mitigate the damage caused by Varroa and minimize the use of

acaricides (Imdorf et al., 2003; Noël et al., 2020; Jack and Ellis,

2021). Among the resistance behaviors exhibited by honey bees

against Varroa, grooming holds particular significance (reviewed by

Pritchard, 2016). Autogrooming is the ability of parasitized bees to

dislodge mites by themselves, while allogrooming refers to this

behavior with assistance from other bees (Boecking and Spivak,

1999; Pritchard, 2016; Mondet et al., 2020). Since, in a standard

Langstroth hive with wooden bottom boards, the 50% of the mites

fallen are still alive and can reinfest new bees (Lobb and Martin,

1997), the effectiveness of grooming behavior in controlling Varroa

could be further increased if hives are equipped with bottom boards

that prevent detached mites from reinfesting the colony (Harbo and

Harris, 2004; Araneda and Calzadilla, 2011).

The aim of this study was to compare the effect of different

bottom boards in V. destructor population and in colony strength.
2 Materials and methods

2.1 Experimental design

The study was carried out from April to December, 2022

(autumn to spring in the southern hemisphere) at Campo
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Experimental No. 2 of the Facultad de Veterinaria, San José,

Uruguay. An apiary with 55 colonies with sister queens in a

single brood box (Langstroth hives) was established. Queens were

obtained from a colony without prior selection in any sense in a

region where beekeepers must control Varroa infestation

throughout the year. Bee population and brood area were

standardized on average 20,000 bees and 4,000 cells with brood

(Delaplane et al., 2013). All colonies were treated with acaricide

(Flumethrin) 80 days prior to the beginning of the experiment to

minimize the infestation level with Varroa and the population

dynamic during the assay was monitored.

The colonies were sampled five times (every sixty days),

estimating the following parameters: bee population, brood area

and Varroa infestation level. The worker bee population was

estimated by counting the number of frames covered by bees and

converting this to the total number of bees (Delaplane et al., 2013).

Brood population was estimated as the percentage of comb face

with brood and converted to number of brood cells (Delaplane

et al., 2013). Finally, the infestation level with Varroa was analyzed

as the percentage of phoretic mites in a sample of 200–300 bees. The

mites were removed from the bees with ethanol 75%, and the

percentage of infected bees was determined (Dietemann

et al., 2013).

The consumption of honey reserves of the colonies was

estimated monthly from April to August, when the rape (Brassica

napus) crops bloomed, and the bees start collecting nectar

significantly. To do this, each hive was weighed, and the weight

of the roof, box, frames, and bottom board was subtracted. As the

colonies required it, honey suppers were added to honey storage. To

estimate the honey collected in spring, three harvests were done,

weighing the frames with honey from each colony before and after

honey extraction (Büchler et al., 2024).
2.2 Bottom boards

Three different bottom boards were used. The tubular bottom

boards were constructed as described in Brouard (2005). Briefly, ten

tubes (450 mm in length and 32 mm in diameter) were positioned

on a wooden frame (70 mm high) with an open surface matching

the inner dimensions of the hive body (450 mm by 350 mm) and

were spaced 3.5 mm each apart. These tubes were securely affixed

beneath the open surface by two slats. The screen bottom board

consisted of a wooden frame (450 mm by 420 mm and 40 mm high)

with a metal screen (400 mm x 230 mm) with a 3 mm grid pattern

in the central part (Pettis and Shimanuki, 1999). The sticky bottom

board has a wooden frame and metal mesh that covers the entire

bottom surface (440 x 370 mm) and has a tray below where a sheet

of cardboard smeared with petroleum jelly is placed to retain fallen

mites (Figure 1).
2.3 Treatment groups

The colonies were randomly allocated into five groups separated

by twenty meters to minimize the drift between groups. Each group
frontiersin.org
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of colonies belonged to one of the following treatments according to

the bottom board they had: 1) tubular bottom board (n=11), 2)

screen bottom board (n=10), 3) sticky bottom board (n=11), 4)

conventional bottom board with a permanent treatment with

acaricide (Flumethrin, three applications throughout the study

period) (positive control) (n=12), and 5) conventional bottom

board (negative control) (n=11).
2.4 Statistical analysis

Generalized linear mixed models (GLMM) were used to assess

the relationship between treatments (positive control, tubular,

sticky and mesh bottom boards) and sampling (as fixed effects),

with colony`s strength (bee and brood population), Varroa

infestation levels and honey reserves as response variables

(package {lme4}). The identity of the colonies was considered as

repeated measures in the samplings as a random effect. In the case

of bee and brood population, a GLMM with Poisson distribution

and a log link function was used. In the case of V. destructor

infestation levels, a GLMM with Gamma distribution and a log link

function were used. In addition, the effects of the treatments were

analyzed particularly at the beginning (to ensure equivalent groups

of colonies, February, 2022) and at the end of the study (December,

2022). To do that, ANOVA and Scheffe test or Kruskal-Wallis and

Mann-Whitney tests (corrected for multiple comparisons with

Bonferroni test) were used when the variables fitted or not the

assumptions of parametric statistics, respectively. Generalized

linear models (GLM) were used to analyze the effect of the

treatments on honey production as fixed effect and response

variable, respectively, with a Gamma distribution and a log

link function.

In all cases, R Studio software was used and p-values under 0.05

were considered statistically significant.
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3 Results

3.1 Colony strength

At the beginning of the experiment, all the colonies showed

equal bee and brood population across the five groups (bee

population Kruskal Wallis, p=0.93; brood population ANOVA,

p=0.62). These parameters followed the natural dynamics of the

colonies in this period of the year with higher bee and brood

populations in early spring (Table 1; Figure 2). These parameters

did not differ between treatments (Table 1).
3.2 Varroa infestation level

At the beginning of the experiment all the colonies had no

Varroa and the infestation levels of this mite was close to zero

between April and June. In addition, colonies treated with

acaricides were Varroa-free throughout the entire observation

period being significantly lower in comparison to the other

treatment groups (Table 1; Figure 3). However, from August to

December, Varroa population increased in the other groups

(Table 1), with sticky bottom boards showing less mites (6%) in

comparison to the negative control group (13%) and tubular

bottom board (12%) (Table 1; December, Mann Whitney,

negative control - sticky bottom board p=0.03, tubular bottom

board - sticky bottom board p=0.01, screen bottom board - sticky

bottom board p=0.99).

The tubular bottom board, the screen bottom board and

negative control groups showed similar infestation level with

Varroa at the end of the experiment (December, Mann Whitney,

tubular bottom board - screen bottom board p=0.99, tubular

bottom board - negative control p=0.99, screen bottom board -

negative control p=0.99) (Figure 3).
B CA

FIGURE 1

(A) Tubular bottom board, (B) Screen bottom board and (C) Sticky bottom board evaluated in the study.
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3.3 Consumption of honey reserves and
honey production

Honey reserves decreased over time in all the colonies from 18.3

± 3.6 kg to 10.2 ± 3.6 kg, while treatments did not affect this

parameter (Table 1) (Figure 4). Colonies that had a conventional

bottom board and were treated with acaricides (positive control)

presented fewer reserves from April to August (April, Scheffe,

positive control - tubular bottom board p=0.03; May, Scheffe,

positive control - tubular bottom board p=0.001, positive control

- screen bottom board p=0.002, positive control - sticky bottom

board p=0.003, positive control - negative control p=0.0001; June,

Scheffe, positive control - negative control p=0.003; July, Scheffe,

positive control - tubular bottom board p=0.002, positive control -

screen bottom board p=0.005, positive control - sticky bottom

board p=0.001, positive control - negative control p=0.0002;

August, Scheffe, positive control - tubular bottom board p=0.01,

positive control - sticky bottom board p=0.001, positive control -
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negative control p=0.0002). In the remaining comparisons, no

significant differences were found (p>0.05) (Figure 4).

Similar amount of honey was produced by the colonies from the

different treatment groups between September to December, with

an average of 21.4 ± 8.6 kg of honey per colony (Table 1).
4 Discussion

Several studies have been conducted to explore alternative

methods for Varroa control, aiming to include them in integrated

pest management and minimize the use of acaricides (reviewed in

van der Steen and Vejsnæs, 2021). However, despite these efforts,

maintaining mite populations below the damage threshold for bee

colonies remains challenging and costly. This study focused on the

potential use of tubular, screen, and sticky bottom boards to limit

the growth of mite populations to prevent detached mites from re-

establish contact with the bees.
TABLE 1 Effect of treatment and sampling time on bee and brood population, on infestation level with Varroa destructor and in honey reserves,
evaluated by generalized linear mixed models.

Independent variable Coefficient value Intercept value p value

Bee population

Positive control -0.04

9.67

0.32

Tubular bottom board -0.04 0.29

Sticky bottom board -0.07 0.07

Screen bottom board -0.01 0.73

Sampling 0.1 ≤0.001

Brood population

Positive control 0.11

7.35

0.55

Tubular bottom board 0.06 0.74

Sticky bottom board -0.02 0.88

Screen bottom board 0.06 0.98

Sampling 0.66 ≤0.001

Varroa infestation level

Positive control -0.18

1.34

0.004

Tubular bottom board -0.02 0.51

Sticky bottom board -0.07 0.08

Screen bottom board -0.001 0.97

Sampling 0.22 ≤0.001

Honey reserves

Positive control -0.23

3.18

0.12

Tubular bottom board -0.12 0.28

Sticky bottom board -0.13 0.27

Screen bottom board -0.05 0.67

Sampling -0.15 ≤0.001

Honey production

Positive control 0.06

2.98

0.7

Tubular bottom board 0.17 0.31

Sticky bottom board 0.07 0.68

Screen bottom board 0.06 0.73
p values under 0.05 were considered statistically significant.
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B

A

FIGURE 2

(A) Bee population in the colonies of different groups. Only statistical results of the final record are shown, the only one that showed significant
differences. Different letters indicate significant differences (P < 0.05). (B) Brood population of the colonies in different groups. Only the statistical
results of the final record are shown, the only one that showed significant differences. Different letters indicate significant differences (P < 0.05).
FIGURE 3

Varroa infestation level in the colonies of different groups. Only the statistical results of the final record are shown, in the others there were only
differences between the conventional bottom board with acaricide (positive control) group and the other groups. Different letters indicate significant
differences (P < 0.05).
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In this study, the tubular bottom boards and the screen bottom

boards perform similarly to the conventional bottom boards, failing

to significantly control the mite population growth. These results

contrast with those found by Araneda and Calzadilla (2011) who

reported that the screen bottom board and the tubular bottom

board exhibited an effectiveness (ratio between varroas fallen in one

month in the evaluated bottom boards and total varroas fallen in the

following month after applying an acaricide) of 20% and 16%,

respectively. Pettis and Shimanuki (1999) showed that Varroa

infestation level did not experience noteworthy reductions in

colonies equipped with modified screen bottom boards, which is

in line with the results obtained in this study.

In contrast to this research, where no significant differences were

found in bee population and brood area, the studies by Harbo and

Harris (2004) reports that the introduction of screen bottom board in

the colonies led to an increase in brood. Sammataro et al. (2004)

found that screen bottom boards are most effective in reducing

Varroa infestation when used in colonies with selected hygienic

queens. Recently, Liu et al. (2020) conducted a meta-analysis from

several studies that included 145 colonies and found that the Varroa

population in colonies with screen bottom boards is significantly

lower compared to those with conventional bottom boards.

The use of the sticky bottom board seems to be a promising

strategy to be implemented in integrated pest management

programs, since it allowed to limit Varroa infestation levels by

nearly 50% in comparison to the conventional boards. Pettis and

Shimanuki (1999) also evaluated sticky bottom boards, but only

obtained a 28% reduction in mite infestation in an intermediate

sampling, without preventing infection levels above the economic

threshold. However, the limitations of these sticky bottom boards

must be considered since in December the colonies reached a

significant level of infestation (6%), enough to begin to affect them.

The difference in effectiveness in limiting Varroa growth

between the three analyzed bottom boards could be due to the

percentage of surface area where the detached mites would exit the

hive. In tubular bottom board this space is approximately 10% of
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the surface, so many of the detached mites will fall on the tubes and

might reinfest the bees. The sticky and screen bottom boards have a

3 mm mesh where the wires occupy a smaller proportion of the

surface. In this case the difference between both bottom boards may

not lie in the use of an adhesive to retain the fallen mites, but in the

surface of the mesh, which in the screen bottom boards is

approximately 60% of that of the sticky bottom boards. The

results obtained in colonies with screen bottom boards in the last

sampling, where Varroa infestation does not increase, is striking.

Perhaps with a high mite load the differences between the screen

and the sticky bottom boards will be reduced. These factors justify

future studies to optimize the design of the devices.

This study shows significant differences in Varroa infestation

levels, particularly when mite populations were high. A decline in

colony strength parameters (bee and brood population) was

observed across all groups in comparison to the treated group of

colonies. A phenomenon resembling the “Parasitic Mite

Syndrome,” characterized by scattered brood and bee loss as

described by Rosenkranz et al. (2010), was evident in certain

colonies. It is conceivable that if the trial had extended over a

longer period, many colonies would have eventually depopulate and

collapse due to this syndrome as Varroa infestation increased.

Two of the evaluated bottom boards, the tubular and the screen

bottom boards, allow the entry of air from the environment, which

could lead to higher consumption of honey reserves to maintain the

appropriate temperature in the brood nest during the autumn and

winter. However, this phenomenon was not observed, so the use of

these bottom boards does not imply a cost in honey reserves. The

greater consumption of reserves of the colonies treated with

acaricides with conventional bottom boards in relation to the

other colonies is an unexpected result that it is difficult to explain

since this group of colonies did not differ from the others in bee

population and brood area. On the other hand, the colonies of the

different groups did not differ in honey production. Therefore, the

use of the three bottom boards evaluated does not negatively affect

the consumption of reserves or honey production.
FIGURE 4

Honey reserves in the colonies of different groups of the colonies between April and August. Different letters indicate significant differences (P < 0.05).
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Previous studies have shown that mite-resistant bee populations

exhibit higher grooming and hygienic behaviors compared to mite-

susceptible colonies (Guzman-Novoa et al., 2012; Hunt et al., 2016;

Locke, 2016; Mendoza et al., 2020; Russo et al., 2020; Mendoza et al.,

2022). The benefit of these bottom boards, especially the sticky ones,

can be enhanced when populations of bees selected for high

grooming behavior or Varroa resistance characteristics are

obtained. The combination of these strategies can be synergistic,

thus achieving effective mite control with minimal acaricide use.

Therefore, further investigation of these designed bottom boards is

needed to assess their effectiveness under such conditions.

In conclusion this study shows a significant effectiveness of the

sticky bottom board in limitingVarroa population growth, particularly

when mite infestation levels are high. The use of an adhesive to retain

detached mites offers a practical and promising approach to managing

high Varroa levels and complement other strategies for the mite

control in integrated pest management programs.
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