
Apidologie (2022) 53:59

1 3

Vol.:(0123456789)

https://doi.org/10.1007/s13592-022-00971-0

Age‑performance and intensity of grooming behavior 
toward Varroa destructor in resistant and susceptible Apis 

mellifera colonies

Romina M. Russo1, Lucas Landi2, Irina Muntaabski1, María C. Liendo1, 
Hernán PietRonave3, Julieta MeRke4, Graciela A. RodRíguez5, María A. PaLacio6, 

Alicia basiLio7, Silvia B. Lanzavecchia1, and Alejandra C. scannaPieco1 
1 Instituto de Genética “E. A. Favret”, Grupo vinculado al Instituto de Agrobiotecnología y Biología Molecular 

(IABIMO-CONICET), Instituto Nacional de Tecnología Agropecuaria (INTA), Hurlingham, Buenos Aires, Argentina
2 Instituto de Recursos Biológicos, INTA, Hurlingham, Buenos Aires, Argentina
3 Estación Experimental Agropecuaria Reconquista, INTA, Santa Fe, Argentina

4 Estación Experimental Agropecuaria Rafaela, INTA, Santa Fe, Argentina
5 Estación Experimental Agropecuaria H. Ascasubi, INTA, Buenos Aires, Argentina

6 Unidad Integrada INTA Balcarce - Universidad Nacional de Mar del Plata, Buenos Aires, Argentina
7 Cátedra de Avicultura, Cunicultura y Apicultura, Facultad de Agronomía, Universidad de Buenos Aires (UBA), 

Buenos Aires, Argentina

Received 28 January 2022 – Revised 8 July 2022 – Accepted 22 September 2022

Abstract – Grooming behavior confers resistance to honey bees against Varroa destructor, being of interest to 
social immunity studies and breeding programs. The objective of this study was to characterize at the individual 
level the grooming behavior of mite-resistant (R) and susceptible (S) A. mellifera stocks from Argentina. Assays 
were performed in experimental arenas by applying two treatments to nurse bees: (1) placing a V. destructor 
mite on the bee’s thorax and (2) touching the bee with a paintbrush. Grooming reactions were recorded on bees 
from both stocks at the ages of 6, 10, and 14 days after emergence. R bees exhibited lower time of first response 
against the mite, performed more cleaning attempts, and used all their legs with a higher probability compared 
to S bees. The same pattern was evident when younger and older bees from the R stock were compared. The 
results demonstrate that bee age and genetic origin are critical factors of grooming behavior in honey bees.

Grooming behavior / Honey bee health / V. destructor parasitism / Mite‑resistant stocks / Behavioral 
immunity

1. INTRODUCTION

Grooming behavior has been described in 
the honey bee Apis mellifera Linnaeus (Hyme-
noptera: Apidae) as a social trait involving 

the physical removal of parasitic mites, such 
as Varroa destructor Anderson and Trueman 
(Acari: Varroidae), from the body of adult bees. 
Through this behavior, the parasitized bees can 
dislodge themselves and injure mites using their 
legs and mandibles (autogrooming) or receiving 
help from other bees (allogrooming) (Boecking 
and Spivak 1999). Such behavior is consid-
ered an important trait in the defense against 
V. destructor in Apis cerana Fabricius, the 
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original host species of the mite (Büchler et al. 
1992; Peng et al. 1987; reviewed by Pritchard 
2016). Even though the importance of groom-
ing behavior as a mechanism conferring mite 
resistance to A. mellifera colonies has been a 
controversial issue, a growing body of evidence 
suggests that this trait can increase mite mortal-
ity and hence modulate its population growth in 
colonies, specifically in Africanized honey bee 
populations (Morse et al. 1991; Moosbeckhofer 
1992; Ruttner and Hänel 1992; Boecking and 
Ritter 1993; Moretto et al. 1993; Bienefeld et al. 
1999; Arechavaleta-Velasco and Guzmán-Novoa 
2001; Guzmán-Novoa et al. 2012; Invernizzi 
et al. 2016; Nganso et al. 2017) as well as stocks 
of European origin (Dadoun et al. 2020; Russo 
et al. 2020).

The field assessment of grooming behavior 
towards V. destructor is challenging, due to the 
difficulty of directly observing and quantifying 
its expression. Indirect methods of assessing this 
behavior are based on counting the number of 
fallen and mutilated mites on screened bottom 
boards of honey bee hives (Ruttner and Hänel 
1992). Nevertheless, a proportion of injured 
mites may be the product of hygienic behav-
ior (the cleaning of cells with infested brood) 
(Rosenkranz et al. 1997) or predation (Bienefeld 
et al. 1999; Szabo and Walker 1995; Boecking 
and Spivak 1999). Direct observation of groom-
ing performed by individual bees under con-
trolled conditions, though time-consuming, can 
substantially reduce the unreliable nature of indi-
rect methods and complement the field charac-
terization of honey bee stocks of interest. Direct 
methods of assessing the behavior include the 
visualization of worker bees grooming their bod-
ies for a period of time when artificially infested 
with varroa mites (Peng et al. 1987; Fries et al. 
1996). Grooming behavior has been assessed 
under controlled conditions in small groups of 
bees infested by V. destructor (Andino and Hunt 
2011; Arechavaleta-Velasco and Guzmán-Novoa 
2001; Currie and Tahmasbi 2008; Invernizzi 
et al. 2016) or by observing the behavior of indi-
vidual bees in a Petri dish after placing a mite on 
its body (Aumeier 2001; Guzmán-Novoa et al. 
2012).

Results obtained by Guzmán-Novoa et  al. 
(2012) indicated that bee genotypes with lower 
mite infestation levels and higher proportions of 
injured mites in their colonies removed a higher 
percentage of mites in individual grooming tests. 
Specifically, these authors found that African-
ized, Russian, and Canadian honey bee geno-
types with low mite population growth removed 
significantly more mites from their bodies than 
European honey bees at the individual level. This 
finding highlights the importance of performing 
integral evaluations of honey bee mite-resistance 
stocks to explore the intensity and effectiveness 
of grooming at both the individual and colony 
levels.

Laboratory assays have made it possible to char-
acterize the grooming reactions displayed by V. 
destructor-infested bees (Aumeier 2001; Invernizzi 
et al. 2016). In a pioneer study, Aumeier (2001) 
reported five reaction behaviors: cleaning intensity, 
shaking, biting, rolling, and attempting to fly. How-
ever, grooming behavior seems to be highly vari-
able, and marked differences have been found in 
the proportion of bees that display these behaviors 
and can shed the mite between different genotypes 
and studies (Aumeier 2001; Guzmán-Novoa et al. 
2012; Invernizzi et al. 2016). In addition, age is an 
important factor in the division of labor in honey 
bees, and age polyethism was described for immu-
nity traits as hygienic behavior in A. mellifera (e.g., 
Panasiuk et al. 2010; Scannapieco et al. 2016). 
Even though a recent study (Dadoun et al. 2020) 
detected a lower percentage of grooming towards V. 
destructor in 21-day-old bees than in younger bees, 
little is known about the age factor in grooming 
behavior elicited by honey bees against the mite.

A naturally mite-surviving honey bee stock 
from northeast Argentina that expresses high 
grooming behavior at the colony level was 
recently characterized under field conditions by 
our research group (Russo et al. 2020). However, 
the detailed description of this behavior at the 
individual and group levels and its association 
with grooming phenotype in the field remains 
to be explored in this selected honey bee stock. 
In the present study, we evaluated self-grooming 
behavior intensity and the latency time to initiate 
the response toward V. destructor in resistant and 
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susceptible A. mellifera stocks under laboratory 
conditions. In addition, we analyzed whether 
grooming variables exhibit differences between 
bee ages in these populations. We tested the 
hypotheses that (i) bees from resistant colonies 
display more intense grooming reactions toward 
the mite than bees from susceptible colonies, 
and (ii) grooming intensity decreases as the age 
of the bees increases, regardless of their genetic 
origin.

2.  MATERIALS AND METHODS

This study was conducted during Decem-
ber–March (2017–2018) (summer in the south-
ern hemisphere) at Instituto de Genética of the 
Instituto Nacional de Tecnología Agropecuaria 
(INTA), Buenos Aires, Argentina.

2.1.  Honey bee stocks

Apis mellifera colonies from two stocks previ-
ously characterized by Russo et al. (2020) were 
used as follows: stock 1, a V. destructor-resistant 

honey bee population that exhibited high levels 
of grooming behavior at the colony level (here-
after named R stock), and stock 2, a susceptible 
honey bee population that showed low levels of 
grooming behavior at the colony level (hereafter 
named S stock). Three colonies from each stock 
(R and S) exhibiting contrasting grooming phe-
notypes (percentage of damaged mites registered 
in screened bottom boards; Russo et al. 2020) 
were used for the experiments. The mean per-
centages of damaged mites were 44.21 in the 
studied R colonies and 5.55% in S colonies.

Two frames containing capped brood (i.e., 
pupae with dark eyes and cuticle) were selected 
from each colony (Figure 1). Twenty-four hours 
prior to the bee’s emergence, the frames were indi-
vidually placed in a screened cage and stored in 
an incubator at 33 ± 0.5 °C, with 75 ± 2% relative 
humidity (RH) (Figure 1). The emerging bees of 
each colony were individually marked with a color 
on the thorax using a queen bee marker (Figure 1). 
Different colors were used to identify the age of 
the bee and its stock origin (R and S). For each 
stock, cohorts of one hundred color-marked worker 
bees of the same age were obtained and returned to 
the corresponding colony. At the age of 6, 10, and 

Figure 1.  Schematic description of bioassays carried out to test grooming reactions.
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14 days, the color-marked worker bees were sam-
pled and transported to the laboratory to conduct 
behavioral assays (Figure 1). The selection of ages 
was based on previous studies on the age range 
in which bees can potentially perform grooming 
behavior (Moore et al. 1995; Dadoun et al. 2020).

2.2.  V. destructor source

Mites were collected from donor colonies 
with high V. destructor phoretic loads (> 5%), 
using the icing sugar method (Dietemann et al. 
2013). Phoretic mites were shaken onto a damp 
paper towel and rinsed with a drop of distilled 
water. Mites that could not clutch the paint-
brush bristles were considered unhealthy and 
discarded. Healthy mites were transferred to 
Petri dishes with moist pieces of paper towel, 
placed in a laboratory room kept at 33 ± 0.5 °C, 
and used as soon as possible to artificially infest 
the color-marked bees. Only active vital mites 
that were able to attach to the host immediately 
were used for the bioassays. Mites that were 
not used within 2 h of collection time were 
discarded.

2.3.  Bioassays

To register grooming behavior, observation 
frames were used according to Arechavaleta-
Velasco et al. (2012) with modifications. Briefly, 
a wooden frame was placed over a brood-
less Langstroth standard wooden framework 
(42 × 20 cm) containing honey at the top. Two 
acetate rings (9 cm diameter), used as paired-
experimental arenas, were embedded in the 
wax (Figure 1). Two acetate lids facilitated the 
introduction of the color-marked worker bees. 
Outside the rings, non-marked bees from the 
same colony were introduced into the observa-
tion frame to create a more natural environment 
(Figure 1).

Two treatments were performed for each 
bee age and colony: (i) infesting bees with a V. 
destructor mite by placing it on the dorsal part 
of the thorax using a small paintbrush (mite 

infestation treatment) and (ii) touching bees 
once, at the beginning of the observation period, 
with a small paintbrush on the dorsal part of the 
thorax (control treatment).

A color-marked bee was placed in the exper-
imental arena jointly with ten nurse bees (not 
color-marked) from the same colony and allowed 
to acclimate for 3 min before we started the 
observations (Figure 1). A stopwatch was started 
immediately upon the simultaneous application 
of the treatments in the paired experimental are-
nas (Figure 1). Color-marked bees were observed 
for up to 3 min by two previously trained observ-
ers to avoid potential bias in the records. The 
grooming behavior was recorded according to 
previous assays (Aumeier 2001; Arechavaleta-
Velasco et al. 2012) including the following vari-
ables: the time of first grooming response, the 
number of legs involved in this first attempt, the 
total number of grooming attempts during the 
observation time, and the cleanliness intensity. 
Cleanliness was categorized as a dichotomous 
variable according to how vigorous or weak the 
body and leg movements of the color-marked bee 
were (Aumeier 2001). A fifth variable, “Anxi-
ety,” was recorded and categorized as “no anxi-
ety” (being quiet) or “anxiety” (walking quickly 
with nervous movements and on occasions, 
nudging other bees) (Bąk and Wilde 2015). Dur-
ing the observation time, we also determined 
whether the color-marked bee displayed rolling 
movements and whether it effectively removed 
the mite during the observation time (Aumeier 
2001). About 15 to 20 color-marked bees were 
individually evaluated per stock (R, S: three 
colonies each), age (6, 10, and 14 days old), and 
treatment (mite infestation and control), reaching 
a total of 584 bees analyzed. Visual observations 
were made under red light, in a laboratory room 
with controlled temperature (33 ± 0.5 °C).

2.4.  Statistical analysis

Differences in the grooming variables were 
independently analyzed with a generalized linear 
mixed model (GLMM) considering age, stock, 
and treatment as fixed factors and evaluation 
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day, colony, and paired bees as random factors. 
The response variables “time of first groom-
ing response” and “number of attempts” were 
adjusted to Gamma and Poisson distribution, 
respectively. The variable “number of legs used 
during the first grooming attempt” was adjusted 
to a binomial distribution and logit link func-
tion (number of legs used vs. number of legs 
not used). The rest of the variables (anxiety 
level, cleanliness intensity, and rolling behav-
ior) were adjusted to a Bernoulli distribution. 
In these cases, the models were tested using the 
Hosmer–Lemeshow test for goodness of fit. To 
obtain the most appropriate structure of variance, 
the Akaike information criterion was used. To 
compare the response variables among factors 
(ages, stocks, and treatments), post hoc analysis 
was performed using Fisher’s least significant 
difference (LSD) test (α = 0.05).

To evaluate differences in grooming effec-
tiveness between stocks, the frequencies of  
bees that successfully groomed off the mite from  
their bodies during the observation period were 
compared by Fisher’s exact test. All analyses 
were performed using the glmer function in R 
package “lme4” (Bates et al. 2015; R Core Team 
2017).

Principal component analysis (PCA) was used 
to describe the relationship among the groom-
ing variables and compare samples from mite-
infested S and R bees at the multidimensional 
space. Only statistically significant variables 
from GLMM analysis were considered. This 
analysis was conducted using InfoStat 2016 (Di 
Rienzo and Montiglio 2016).

3.  RESULTS

3.1.  Time of first grooming response

Differences in time to initiate self-grooming 
behavior were found between treatments (mite 
infestation and control), stocks (R and S), and 
bee ages (6, 10, and 14  days old), with sig-
nificant interactions between factors (GLMM 
results: F1, 572 = 223.55, P < 0.001 for treatment; 
F1, 572 = 73.31, P < 0.001 for stock; F2, 572 = 8.70, 

P = 0.002 for bee age; F2, 572 = 1.75, P = 0.17 
for stock × bee age interaction; F1, 572 = 22.84, 
P < 0.001 for stock × treatment interaction; 
F2, 572 = 0.91, P < 0.401 for bee age × treatment 
interaction; F2, 572 = 4.85, P = 0.008 for treat-
ment × stock × bee age interaction; Figure 2).

Artificially V. destructor-infested bees started 
to groom themselves significantly earlier than 
bees from the control treatment in both genet-
ics and all analyzed ages (post hoc comparisons, 
Fisher’s LSD test; Figure 2). Specifically, when 
infested with a mite, resistant (R) bees started to 
groom themselves significantly earlier (mean of 
8.8 s over all bee ages) than bees from the mite-
susceptible (S) stock (mean of 32.4 s over all 
bee ages) (post hoc comparisons, Fisher’s LSD 
test; Figure 2).

For R stock, significant differences in the time 
to initiate grooming behavior toward the mite 
were detected between ages, with younger bees 
(6 days old) reacting faster to mite infestation 
than the older bees (10 and 14 days old) (post 
hoc comparisons, Fisher’s LSD test; Figure 2). 
In the case of the S stock, time of first grooming 
response was lower in 6- and 10-day-old bees 
compared to 14-day-old bees (Figure 2).

3.2.  Grooming response level

Differences in the number of grooming 
attempts performed by bees were detected between 
treatments, stocks, and bee ages (GLMM results:  
F1, 569 = 138.97, P < 0.001 for treatment; 
F1, 569 = 84.46, P < 0.001 for stock; F2,569 = 9.115, 
P = 0.001 for bee age; F2, 569 = 10.47, P < 0.001 
for stock × bee age interaction; F1, 569 = 5.22, 
P = 0.022 for stock × treatment interaction; 
F2, 569 = 1.77, P = 0.171 for bee age × treatment 
interaction; F2, 569 = 2.63, P = 0.072 for treat-
ment × stock × bee age interaction). Post hoc 
comparisons revealed that a higher number of 
grooming attempts were performed by bees from 
both stocks and all ages in response to mite infes-
tation in comparison with the control treatment 
(Figure 3). In addition, when stocks were com-
pared, R bees exhibited a higher mean number 
of attempts against the mite than S bees, with the 
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former showing almost twice grooming attempts 
at all ages (Figure 3). Regarding bee age, R bees 
showed a higher number of grooming attempts 
against the mite at younger ages (6 and 10 days 
old) than the older bees (14 days old) from the 
same stock (Figure 3). This pattern was not evi-
dent for bees of the S stock.

Differences in leg use during the first groom-
ing attempt were found between treatments, 
stocks, and bee ages, with significant inter-
actions among the factors (GLMM results: 
F1, 568 = 290.23, P < 0.001 for treatment; 
F1, 568 = 19.88, P < 0.001 for stock; F2, 568 = 7.29, 
P = 0.007 for bee age; F2, 568 = 3.50, P = 0.031 
for stock × bee age interaction; F1, 568 = 53.90, 
P < 0.001 for stock × treatment interaction; 
F2, 568 = 14.88, P < 0.001 for bee age × treat-
ment interaction; F2, 568 = 13.67, P < 0.001 for 
treatment × stock × age interaction). The prob-
ability of using all the legs during the grooming 
response differed between stimuli, with control 
bees being 75–99% less likely to use all their 
legs compared to those receiving the Varroa 

stimulus, regardless of bee age or genetics (post 
hoc analysis; Supplementary File S1a). When 
genetic origin was compared, we observed that 
6- and 10-day-old S bees were less likely to use 
all their legs against the mite compared to same-
aged R bees (Supplementary File S1b). When 
bee age was considered, younger bees from R 
stock exhibited a higher probability of using all 
their legs against the mite than did older bees 
from the same stock (Supplementary File S1c). 
No difference in leg use was detected among 
ages for S bees (Supplementary File S1c).

No significant differences in the cleaning 
intensity were detected between treatments, 
stocks, or bee ages (Supplementary File S2).

3.3.  Anxiety level

Differences in the proportion of bees that 
exhibited anxiety were detected between treat-
ments, stocks, and bee ages, with a signifi-
cant triple interaction among factors (GLMM 
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Figure  2.  Mean time ± SE (s) of first grooming response performed by color-marked bees when exposed to V. 
destructor treatment (mite infestation) and control treatment (paintbrush touch). Values are shown for the susceptible 
(S) and resistant (R) A. mellifera stocks at different bee ages (days). Different letters indicate significant differences 
between ages, stocks (genetic origin), and treatments by Fisher´s LSD (α = 0.05).
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results: F1, 567 = 67.10, P < 0.001 for treatment; 
F1, 567 = 13.05, P < 0.001 for stock; F2,567 = 1.36, 
P = 0.258 for age; F2, 567 = 2.92, P = 0.055 
for stock × bee age interaction; F1, 567 = 1.15, 
P = 0.284 for stock × treatment interaction; 
 F2, 567 = 2.55, P = 0.079 for bee age × treatment 
interaction; F2, 567 = 4.26, P = 0.015 for treat-
ment × stock × age interaction; Figure 4). Post 
hoc comparisons revealed that bees from both 
stocks displayed similar anxiety levels toward 
the mite, but a significantly higher proportion 
of 10-day-old bees expressed anxiety in the R 
stock than in the S stock (Figure 4). In addition, 
twice the proportion of R bees (mean: 62% of 
bees of all ages) evidenced anxiety when control 
stimulus was applied, in comparison with S bees 
(mean: 32% of bees of all ages) (Figure 4).

Additionally, we observed mite-parasitized 
bees walking around the experimental arena at 
different intensities, reaching and touching other 
companion bees. This behavior was specifically 
observed in approximately 50% of the resistant 
bees and at lower frequencies in the susceptible 
bees (18–20%).

3.4.  Rolling behavior

An apparently higher proportion of bees 
from R stock (25%) displayed rolling behavior 
against the mite, in comparison with bees from 
S stock (12%), although this apparent differ-
ence was not statistically significant (GLMM 
results: F1, 569 = 0.06, P = 0.813 for treatment; 
F1, 569 = 0.02, P = 0.893 for stock; F2, 569 = 0.11, 
P = 0.897 for bee age; F2, 569 = 0.11, P = 0.894 
for stock × bee age interaction; F1, 569 = 0.04, 
P = 0.841 for stock × treatment interaction; 
F2, 569 = 0.11, P = 0.896 for bee age × treatment  
interaction; F2, 569 = 0.15, P = 0.864 for treat-
ment × stock × age interaction; Figure 5). Almost 
no rolling behavior was displayed by bees against 
the control treatment, suggesting that this reac-
tion would be specific toward the mite (Figure 5).

3.5.  Grooming effectiveness

A low proportion of bees groomed off the mites 
during the 3-min observation. Specifically, three 
out of 118 R bees (2.5%) successfully groomed 

Figure 3.  Mean number of grooming attempts (± SE) performed by color-marked bees during the observation time 
in response to V. destructor treatment (mite infestation) and control treatment (paintbrush touch). Values are shown 
for the susceptible (S) and resistant (R) A. mellifera stocks at different bee ages (days). Different letters indicate sig-
nificant differences between ages, stocks (genetic origin), and treatments by Fisher’s LSD (α = 0.05).

Page 7 of 13 59



Russo et al.

1 3

off the mites placed on their bodies, while none of 
the S bees (0 out of 173 bees) removed the mite. 
This difference in grooming effectiveness between 
stocks was border significant (Fisher’s exact test; 
P = 0.0657).

3.6.  Principal component analysis

The results of mite-infested bees from both 
stocks indicated that the two main components 
explain 77% of the total variability of the data 

Figure 4.  Mean proportion (± SE) of color-marked bees that expressed anxiety in response to V. destructor treat-
ment (mite infestation) and control treatment (paintbrush touch). Values are shown for the susceptible (S) and resist-
ant (R) A. mellifera stocks at different bee ages (days). Different letters indicate significant differences between bee 
ages, stocks (genetic origin), and treatments by Fisher´s LSD (α = 0.05).

Figure 5.  Mean proportion (± SE) of color-marked bees that displayed rolling behavior in response to V. destructor 
treatment (mite infestation) and control treatment (paintbrush touch). Values are shown for the susceptible (S) and 
resistant (R) A. mellifera stocks at different bee ages (days).
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(PC1: 62% and PC2: 15%; Figure 6 and Sup-
plementary File S3). The number of attempts 
against the mite and the number of legs involved 
were negatively associated with the time of first 
response, and these three variables showed a sig-
nificant contribution to the first component (Fig-
ure 6 and Supplementary File S3). Anxiety sig-
nificantly contributed to PC2 and was negatively 
correlated with time of first response and posi-
tively associated with the number of attempts and 
legs used against the mite. In other words, those 
individuals that exhibited low reaction times also 
showed high anxiety and displayed higher attempts 
against the mite (Figure 6). Regarding the stock 
differentiation, a partial separation was found in 
the two-dimensional space (Figure 6). Samples of 
R stock tended to be distributed at higher values 
of both principal components and to form a rela-
tively homogenous group where all bees exhibited 
intense grooming (Figure 6). Conversely, samples 
belonging to S stock appeared to organize in two 
groups, one with bees exhibiting “light” grooming 
reactions and another one with bees responding 
more intensely to mite infestation (Figure 6).

4.  DISCUSSION

In the present study, we characterized differ-
ent grooming reactions of Apis mellifera workers 
of different ages against Varroa destructor mites 
in two contrasting phenotypes: a mite-resistant 
and a mite-susceptible bee stock. We docu-
mented differences in the time to first response 
and the intensity of grooming reactions between 
genetic stocks and ages and suggested a rela-
tionship between traits associated with groom-
ing behavior at the colony level (e.g., number of 
damaged mites) and the individual level.

Several authors have characterized the groom-
ing reactions displayed by individual bees when 
infested by V. destructor. Aumeier (2001) identi-
fied eight aspects of responsive behavior of Afri-
canized and Carnolian bees after having a mite 
placed on their thorax. Similarly, Invernizzi et al. 
(2016) recorded the occurrence of five reactions 
involved in the grooming behavior and com-
pared them between European vs. Africanized 
bees. When these authors grouped all behaviors, 
they found that, in general, Africanized bees 

Figure 6.  Principal component analysis (PCA) score plots based on grooming variables: time of first response, num-
ber of attempts, number of legs involved in the first attempt, and anxiety level of individual worker bees against mite 
infestation (V. destructor treatment). These variables were included in PCA analysis based on their statistical signifi-
cance on the GLMM results. Data are shown for bees (samples) of all ages from mite-resistant (R: black dots) and 
susceptible (S: white dots) A. mellifera stocks.
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reacted more intensely to V. destructor than Ital-
ian bees. In our study, even though we compared 
two stocks of European honey bee populations, 
we detected differences between Varroa-resistant 
and Varroa-susceptible stocks in several groom-
ing variables and a generally stronger response 
to the mite in the former. Specifically, we found 
that resistant bees exhibited a lower time of first 
response to mite infestation, were more likely 
to use all their legs during the first attempt, and 
performed a higher number of attempts through-
out the observation period. These results dem-
onstrate genotypic variability for auto-grooming 
response against V. destructor at the individual 
level, in agreement with previous studies in 
which variation between honey bee strains was 
detected for the percentage of bees that groomed 
and for the time to start grooming (Aumeier 
2001; Vandame et al. 2002).

We found that 2.5% of the resistant bees (3 
out 118) groomed off the mite during the obser-
vation time, while none of the susceptible bees 
could successfully remove them. Despite being 
low, the mite removal success observed in our 
R stock is similar to that reported by Invernizzi 
et al. (2016), who found three (two Italian and 
one Africanized) out of the 48 bees (6.3%) 
that groomed off the mite. Similarly, Guzman-
Novoa et al. (2012) found 29.4% and 4.3% of 
“successful” bees of Africanized and Italian 
origin, respectively, while Aumeier (2001) 
obtained percentages of 18.3% and 9.1% for 
Africanized and Carniolan bees, respectively. 
Conversely, Dadoun et al. (2020) observed that 
more than 60% of resistant bees shed the mite, 
that is, a much larger percentage than that found 
by the present and previous studies. Differ-
ences between studies in the rates of successful 
mite removal could be explained by differences 
in the methodology used to test the grooming 
response (Petri dishes vs. observation frames), 
in the analyzed honey bee genetic stock and 
its propensity to perform grooming behavior, 
or in the collection method of mites. Kirrane 
et al. (2018) suggested that the grooming suc-
cess of bees against V. destructor in laboratory 
cages was affected by the age and reproductive 
status of the mites. Specifically, they detected a 

higher mite drop for daughter mites than foun-
dress mites. Here, we used foundress mites to 
artificially infest the experimental bees, which 
could explain the apparent low proportion of 
mite removal observed. It is worth noting that 
during the artificial infestation, we put the mite 
on the thorax of the color-marked bee, where it 
would be more difficult for this bee to reach the 
mite according to previous observations reported 
by Bak and Wilde (2016). Therefore, the location 
of the mite could also have affected the effective-
ness of the mite removal in our assays.

The general performance of our resistant 
bees can be considered “intense grooming,” 
which consists of vigorous wiping and shak-
ing movements and the use of more than two 
legs, as previously described by Guzmán-Novoa 
et al. (2012) for bees from resistant genotypes. 
We observed that the resistant bee becomes 
very active just after the V. destructor mite is 
deposited on its body and initiates the grooming 
response before 30 s of observation, with a mean 
overall ages of 26.16 s. This behavior has also 
been observed in selected mite-resistant stocks of 
Tellian bees (Dadoun et al. 2020), indicating that 
selection for V. destructor resistance may impact 
the individual behavior of worker bees toward 
the mite. However, it is worth noting that mite 
resistance that specifically emerges as a result of 
natural selection is currently addressed as a com-
plex phenomenon involving multiple factors and 
traits at the colony level (Mondet et al. 2020).

Our results provide new information on the 
associations between the grooming variables and 
on how informative each variable is in the dif-
ferentiation between our mite-resistant and sus-
ceptible stocks at the individual level. We found 
that the time to first response is negatively asso-
ciated with both the number of legs involved in 
the first attempt and the total number of attempts 
performed against the mite, and that these three 
variables contributed to stock differentiation in 
the laboratory tests. We may speculate that a 
greater number of events against the mite and 
higher intensity in grooming events increase the 
probability of mite removal at the individual 
level. We also observed parasitized bees walk-
ing inside the experimental arena with different 
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intensities, reaching and touching companion 
bees. This behavior was specifically observed 
in approximately 50% of the resistant bees and 
at lower frequencies in the susceptible bees 
(18–20%) and may stimulate the arena mates to 
help them groom, a possible sign of allogroom-
ing behavior, which must be further evaluated. 
Consistently, a higher proportion of bees from 
the resistant stock expressed anxiety and exhib-
ited rolling behavior across all bee ages evalu-
ated and irrespectively of the stimulus. Globally, 
these observations at the individual level are in 
line with previous descriptions of colony behav-
ior of the R stock in the field (Russo et al. 2020) 
and suggest that a “groomer colony” is com-
posed of “groomer bees” with high responsive-
ness not only to the mite but also to other stimuli. 
This must be further evaluated by analyzing the 
responsiveness of the groomer bees at a genetic 
level, as previously explored for hygienic behav-
ior (e.g., Boutin et al. 2015; Mondet et al. 2015; 
Scannapieco et al. 2017).

In addition to the stock differentiation for 
grooming behavior at the individual level, we found 
significant differences in several of the grooming 
variables between bees of different ages, spe-
cifically for R stock. Younger mite-resistant bees 
performed a higher number of attempts and used 
a greater proportion of legs than did older bees. 
As the bees aged, a decrease in the intensity of 
the grooming response was evident, suggesting 
that younger bees are more involved in cleaning 
activities than older ones. Recently, Dadoun et al. 
(2020) characterized the grooming response to V. 
destructor in mite-resistant and susceptible bees 
4, 7, 15, and 21 days old. They found that even 
though workers of different ages were involved 
in the grooming response to mite infestation, the 
lowest percentage of grooming was observed in 
21-day-old bees from both stocks. Unlike these 
authors, we detected differentiation in grooming 
intensity according to age specifically in our resist-
ant bees, suggesting that a possibly more structured 
age division of these activities allows these colonies 
to be more effective in the grooming response, as 
observed for other sanitary traits, such as hygienic 

behavior (Scannapieco et al. 2016). Concerning 
grooming as a task-specialized behavior, Moore 
et al. (1995) described the behavior of “Red 93,” 
an A. mellifera worker bee that gradually developed 
into a highly specialized social groomer from day 
7 of age until the end of their observations on day 
15. Given these results (Moore et al. 1995) and 
our present observations, it would be interesting to 
evaluate our resistant bees throughout life to deter-
mine whether they become specialists in grooming 
or change their responsiveness against the mite as 
they get older.

The present study of honey bee behavior against 
V. destructor infestation using experimental arenas 
allowed us to identify informative components of 
grooming behavior to differentiate the analyzed 
genetic stocks. Even though individual assays can be 
useful to phenotype colonies in a controlled environ-
ment, their use as a proxy for grooming performance 
at a colony level in the frame of a breeding program 
is debatable due to the methodological complex-
ity and time-consuming characteristics. Instead, 
this kind of assay can be useful to select bees with 
contrasting grooming phenotypes (while they are 
exhibiting the behavior) to explore the genetic basis 
of these differences. In this regard, advances have 
been made by identifying candidate genes associ-
ated with grooming behavior (Arechavaleta-Velasco 
et al. 2012; Hamiduzzaman et al. 2017; Morfin 
et al. 2020). Future research should focus on analyz-
ing candidate genes and detecting high-throughput 
single-nucleotide polymorphism between our mite-
resistant and susceptible genotypes. This would rep-
resent the first step to developing specific markers 
toward a marker-assisted selection of resistant honey 
bee stocks to assist local breeding programs.
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