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In honey bees (Apis mellifera L.), hygienic behavior of workers against Varroa destructor provides the colonies with some
resistance to this parasite. The removal of freeze-killed brood (FKB) has often been used as a proxy to assess the
removal of Varroa-infested brood. The question is whether this approximation is reliable enough to estimate the bene-
fits induced by the removal of Varroa-infested brood in unselected stocks. For this purpose, we investigated the relation
between the removal of FKB and three other variables: (1) the percentage of pupae and workers infested by V. destruc-
tor; (2) the share of mites in brood compared to phoretic mites; and (3) the reproductive success of mites. To be a
reliable estimate, the removal of FKB should correlate with these three variables. Since hygienic behavior is naturally
expressed and highly variable in unselected stocks, we chose to use such stocks to get a wide range of FKB removal.
There was no correlation between FKB and the three other variables. We conclude that removal of FKB is not a good
estimate for hygienic behavior towards Varroa mites in unselected stocks.

La eliminación higiénica de la crı́a congelada no predice caracteres de resistencia ante Varroa en las
poblaciones no seleccionadas

En las abejas melı́feras (Apis mellifera L.), el comportamiento higiénico de las obreras contra Varroa destructor propor-
ciona a las colmenas resistencia a este parásito. La eliminación de la crı́a congelada (ECC) se ha utilizado con frecuencia
para evaluar la eliminación de la crı́a infestada por varroa. La pregunta es si esta aproximación es lo suficientemente
confiable como para estimar los beneficios inducidos por la eliminación de la crı́a infestada de varroa en poblaciones
no seleccionadas. Para este propósito, hemos investigado la relación entre la eliminación de ECC y otras tres variables:
(1) el porcentaje de pupas y obreras infestadas por V. destructor; (2) la proporción de ácaros en la crı́a comparada con
ácaros foréticos y (3) el éxito reproductivo de ácaros. Para conseguir una estimación fiable, la eliminación de ECC
deberı́a correlacionarse con estas tres variables. Dado que el comportamiento higiénico se expresa naturalmente y es
muy variable en las poblaciones no seleccionadas, hemos optado por utilizar dichas poblaciones para obtener un amplio
rango de eliminación de ECC. No hubo correlación entre la ECC y las otras tres variables. Se concluye que la elimi-
nación de ECC no es una buena estimación del comportamiento higiénico contra los ácaros de varroa en poblaciones
no seleccionadas.

Keywords: Varroa-resistance; hygienic behavior; freeze-killed brood; reproductive success

Introduction

The ectoparasitic Varroa mite (Varroa destructor Ander-
son & Trueman) is considered as one of the most
important threats for apiculture around the world
(Rosenkranz, Aumeier, & Ziegelmann, 2010), and plays a
central role in the decline of honey bee health, in asso-
ciation with the viruses it vectors (Dainat, Evans, Chen,
Gauthier, & Neumann, 2012; Martin et al., 2012). In
beekeeping practice, the use of acaricide treatments is
recommended to avoid severe colony losses. Over the
years, the mite has become partly resistant to some of
the chemicals, resulting in a loss of effectiveness. Conse-
quently, substantial efforts have focused on more sus-
tainable solutions, such as the breeding of Varroa
resistant honey bees (Büchler, Berg, & Le Conte, 2010;
Rinderer, Harris, Hunt, & de Guzman, 2010).

Two approaches have been used with the objective
to find and breed Varroa resistant honey bees: (1) The
first is an approach following colonies that are left
untreated against Varroa mites and kept in isolation.
Both, found in nature (Le Conte et al., 2007; Seeley,
2007) as well as experimentally developed honey bee
populations (Fries, Imdorf, & Rosenkranz, 2006), have
been used (for an overview see Locke, 2016). The pre-
sumably non-resistant or non-tolerant colonies had died
(Le Conte et al., 2007; Seeley, 2007) or were permitted
to die naturally (Fries et al., 2006; Kefuss, Vanpoucke,
Bolt, & Kefuss, 2016; Oddie, Dahle, & Neumann, 2017;
Panziera, van Langevelde, & Blacquière, 2017). Subse-
quently, one could breed from the surviving stock. In
this case, the mechanisms of resistance or tolerance are
unknown. (2) In the second approach, when a trait that
confers some resistance or tolerance is known, one can
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INTRODUCTION

The Western honey bee, Apis mellifera, is among the most important
productive livestock because of its indispensable role as commercial
pollinator of many agricultural crops and fruit. In addition, honey
bees contribute to the pollination of wild flowers, thereby
contributing to the maintenance of natural ecosystems and
biodiversity. Increasing honey bee colony losses both over winter
and during the season have been reported, particularly from
European countries, Japan and North America (Potts et al., 2010;
Ratnieks and Carreck, 2010; vanEngelsdorp and Meixner, 2010).
In the USA, the term colony collapse disorder (CCD) has been
coined to describe the various symptoms associated with some of
the observed unexplainable colony losses: the disappearance of most
of the worker population while the queen is still alive, accompanied
by a few nurse bees taking care of the remaining brood and
provisioned by ample food stores (Cox-Foster et al., 2007;
vanEngelsdorp et al., 2009). Although in Europe cases of CCD sensu
stricto have not been reported so far, a steady increase in colony
losses mainly over winter is causing as much concern as CCD does
in the USA. Honey bee decline as part of a more general pollinator
decline is becoming a global problem and is of great concern for
agriculturists, apiculturists and scientists alike. From the many
studies trying to unravel the causative factors of these enigmatic
honey bee colony losses a picture is emerging where pests and

pathogens play a major role (Ratnieks and Carreck, 2010), although
additional factors like climate change, bee-keeping practice, habitat
fragmentation, and pesticide use in agriculture as well as acaricide
use in apiculture may add to the problem.

Among the pests and pathogens responsible for colony losses in
Europe, the ectoparasitic mite Varroa destructor, which causes a
devastating disease called varroosis, seems to be the key player.
However, certain viruses have also been identified as being involved
in unusual colony losses, like members of the ABPV/KBV/IAPV
(acute bee paralysis virus/Kashmir bee virus/Israeli acute paralysis
virus) cluster of related viruses and the deformed wing virus (DWV)
(Genersch et al., 2010; Highfield et al., 2009; Potts et al., 2010;
Ratnieks and Carreck, 2010). Remarkably, all these viruses are
vectorially transmitted by V. destructor (Ball, 1983; Ball, 1989;
Bowen-Walker et al., 1999; Chen et al., 2004; Di Pisco et al., 2011;
Gisder et al., 2009; Yue and Genersch, 2005) and that at least ABPV
and DWV only became virulent after V. destructor became
established in the populations of A. mellifera in the late 1980s
(Genersch and Aubert, 2010). In the absence of V. destructor, both
viruses cause covert infections. However, they can be lethal once
transmitted to pupae by parasitising mites (de Miranda et al., 2010;
de Miranda and Genersch, 2010; Genersch and Aubert, 2010). The
visible symptoms caused by DWV vectorially transmitted to pupae
(shortened and bloated abdomen and deformed wings in the
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SUMMARY

The ectoparasitic mite Varroa destructor and honey bee pathogenic viruses have been implicated in the recent demise of honey

bee colonies. Several studies have shown that the combination of V. destructor and deformed wing virus (DWV) poses an

especially serious threat to honey bee health. Mites transmitting virulent forms of DWV may cause fatal DWV infections in the

developing bee, while pupae parasitised by mites not inducing or activating overt DWV infections may develop normally. Adult

bees respond to brood diseases by removing affected brood. This hygienic behaviour is an essential part of the beesʼ immune

response repertoire and is also shown towards mite-parasitised brood. However, it is still unclear whether the bees react towards

the mite in the brood cell or rather towards the damage done to the brood. We hypothesised that the extent of mite-associated

damage rather than the mere presence of parasitising mites triggers hygienic behaviour. Hygienic behaviour assays performed

with mites differing in their potential to transmit overt DWV infections revealed that brood parasitised by ʻvirulentʼ mites (i.e. mites

with a high potential to induce fatal DWV infections in parasitised pupae) were removed significantly more often than brood

parasitised by ʻless virulentʼ mites (i.e. mites with a very low potential to induce overt DWV infections) or non-parasitised brood.

Chemical analyses of brood odour profiles suggested that the bees recognise severely affected brood by olfactory cues. Our

results suggest that bees show selective, damage-dependent hygienic behaviour, which may be an economic way for colonies to

cope with mite infestation.

Supplementary material available online at http://jeb.biologists.org/cgi/content/full/215/2/264/DC1

Key words: Apis mellifera, Varroa destructor, deformed wing virus, biological vector, hygienic behaviour, brood odour.
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Abstract
Despite receiving much attention, the ectoparasitic mite Varroa destructor (Anderson and Trueman) and the 
pathogens it vectors remain critical threats to the health of the honey bee Apis mellifera (Linnaeus) (Hymenoptera: 
Apidae). One promising intervention approach is the breeding of hygienic honey bees, which have an improved 
ability to detect and remove unhealthy brood from the colony, and are thus more resistant to Varroa. While much 
hygienic behavior-related research has focused on enhanced adult honey bee olfaction, less attention has been paid 
to the olfactory signals that originate inside the brood cell, triggering hygienic removal. Here, we hypothesized that 
selection for hygienic behavior in honey bees has influenced brood signaling, predicting that: 1) in a common social 
environment, removal rates differ among brood with different selective breeding histories, and 2) the removal rates 
of brood positively correlate to the hygiene level of the brood’s colony of origin. To test these predictions, we cross-
fostered brood subjected to control, wound, or Varroa treatment in unselected (UNS), Minnesota Hygienic (HYG), 
and Varroa-Sensitive Hygienic (VSH) colonies, and monitored individual brood cells for hygienic removal. Results 
confirmed both predictions, as brood from hygienic colonies was more likely to be removed than brood from UNS 
colonies, regardless of where the brood was fostered. These findings suggest that hygiene-related brood signals 
complement previously identified characteristics of hygienic adults, constituting an important mechanism of social 
immunity in honey bees. Thus, selective breeding for honey bee hygienic behavior may be improved through the 
utilization of field assays containing compounds related to larval signaling.

Key words:  Varroa parasitism, selective breeding, cross-fostering, hygienic behavior, social immunity

Social immunity refers to characteristics associated with the avoid-
ance; reduction; or elimination of pathogens, parasites, and related 
diseases in social species. Like other eusocial insects, honey bees rely 
on multiple social immune mechanisms to maintain and improve 
colony health (reviewed in Simone-Finstrom 2017). One such mech-
anism is hygienic behavior, defined as the detection and removal of 
diseased brood from a colony or nest (Spivak and Reuter 2001a, 
Wilson-Rich et al. 2009). While hygienic behavior is a form of social 
immunity thought to occur in several social insects (Wilson-Rich 
et al. 2009, Pull et al. 2018), it has been studied primarily in the 
honey bee, where it consists of two distinct phases: the uncapping 
of brood cells and the removal of the diseased brood cell contents 
(Rothenbuhler 1964). Brood diseases are among the most serious 
threats to honey bees, contributing to recent, severe losses of man-
aged honey bee colonies (vanEngelsdorp et al. 2012; Spleen et al. 
2013; Steinhauer et  al. 2014; Seitz et al. 2015; Lee et  al. 2015). 
Although these losses result from multiple, interacting factors (Potts 
et al. 2010, Nazzi et al. 2012, Goulson et al. 2015, Lee et al. 2015), 

the parasitic mite Varroa destructor is a central threat for honey bee 
health (Rosenkranz et al. 2010, Annoscia et al. 2012, Nazzi et al. 
2012.

The Varroa mite is an obligate ectoparasite that reproduces on 
honey bee brood during the host’s metamorphosis inside a capped 
wax cell (Anderson and Trueman 2000, Rosenkranz et  al. 2010). 
Female foundress mites enter larval cells just before cell capping and 
initiate feeding and reproduction after cell capping prevents access 
of adult nurse bees to the cell. Approximately 70 h after cell capping 
the foundress mite begins to lay eggs. The mite and her offspring 
feed on the bee host during its larval and pupal stages through an 
established feeding site (Ifantidis 1988). After emergence, Varroa 
enter a phoretic phase in which they parasitize adult bees, followed 
by a reproductive phase in which they repeat the reproductive cycle 
in another brood cell (Rosenkranz et al. 2010). During both phases, 
Varroa act as a physical burden to the bee, reducing body weight and 
protein levels primarily through the sucking of hemolymph (De Jong 
et  al. 1982, Schatton-Gadelmayer and Engel 1988, Amdam et  al. 
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Abstract Hygienic behavior is an economically beneficial,
heritable trait, which has evolved to limit the impact of

honeybee pathogens. Selecting and breeding colonies with

high levels of hygienic behavior has become a feasible and
environmentally friendly strategy to control brood diseases

in honeybee colonies worldwide. The identification of genes

involved in the expression of this character may not only
unravel molecular and biochemical pathways underlying

hygienic behavior, but also serve as a practical approach to

select disease resistance biomarkers useful for honeybee
breeding programs. In the present work, we evaluated, at

genetic level, Apis mellifera stocks selected for hygienic

behavior, widely used for commercial apiculture in
Argentina. We analyzed the expression profiles of five

genes previously identified as candidates associated with

hygienic behavior both in QTL and global gene expression
studies in honeybees, more precisely, involved in perception

and processing of olfactory information. We validated the

differential expression of these genes as potentially
responsible for behavioral differences in our selected

stocks. Our results indicate that four of them (octopamine
receptor, smell-impaired, odorant-binding protein 3, and

odorant-binding protein 4) were differentially expressed
between hygienic and non-hygienic bees within our highly

hygienic colonies. The present findings improve our

understanding of the molecular mechanisms underlying the
differentiation of middle-age worker bees in their genetic

propensity to perform hygienic behavior. This progress

towards the genetic characterization of highly hygienic
colonies that are commercially used in Argentine apiculture

lays the groundwork for future development of targets for

marker-assisted selection of disease-resistant honeybee
stocks.

Keywords Honeybee ! Social immunity !Candidate genes !
Olfactory cues ! Breeding programs

Introduction

Social insects in general and the honeybee Apis mellifera L.
(Hymenoptera: Apidae) in particular provide excellent

models to study complex behaviors that emerge from their

social life. These complex behaviors are clearly affected by
genes and the social environment (Hunt 2007). The recent

development of powerful genomic tools has set the stage for
studying social behaviors of honeybees in molecular terms

(Robinson et al. 2005; Smith et al. 2008; Zayed and

Robinson 2012).
Hygienic behavior is an example of a complex behavior

that has evolved as a general mechanism of resistance to

brood diseases in honeybee colonies (Gilliam et al. 1983;
Boecking and Drescher 1992; Spivak and Reuter

1998a, b, 2001a; Harbo and Harris 1999). This behavior,

performed by middle-age workers, consists in detecting,
uncapping, and removing diseased brood from combs

before the pathogen is transmissible, thus reducing the
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Honey bees manifest a rich repertoire of behavioral traits. These traits contribute to the successful establishment of a
highly evolved social organization in the honey bee. In this study, we describe a novel observational methodology using
infrared camera technology for the long-term, undisturbed investigation of behavioral traits of honey bee. An illustra-
tion of this methodology is provided through observations of hygienic behavior in response to varroa infestation. Using
our method, we show that honey bee workers exhibit a systematic sequence of behavioral activities during the perfor-
mance of hygienic behavior. The results of this study support the hypothesis that the uncapping of varroa-parasitized
brood cells is driven by abnormal odors from the parasitized pupae.

Un nuevo método para la observación sin perturbaciones a largo plazo del comportamiento de la abeja
de la miel (Apis mellifera) - ilustrado por el comportamiento higiénico hacia la infestación de varroa

Las abejas de la miel manifiestan un rico repertorio de rasgos de comportamiento. Estos rasgos contribuyen al éxito
del establecimiento de la organización social altamente evolucionada de la miel de abeja. En este estudio, se describe
una nueva metodologı́a de observación a largo plazo utilizando una tecnologı́a con cámara de infrarrojos, para la inves-
tigación ininterrumpida de los rasgos de comportamiento de las abejas melı́feras. Se proporciona un ejemplo de esta
metodologı́a a través de observaciones de comportamiento higiénico en respuesta a la infestación de varroa. Con nue-
stro método, mostramos que las obreras presentan una secuencia sistemática de las actividades de comportamiento
durante la ejecución del comportamiento higiénico. Los resultados de este estudio apoyan la hipótesis de que el desop-
erculado de las celdas de crı́a parasitados con varroa es impulsado por olores anormales de las pupas parasitadas.

Keywords: individual behavioral traits; long-term observation; infrared camera; hygienic behavior; Varroa destructor
infestation

Introduction

Honey bees exhibit a repertoire of behavioral traits
(e.g., foraging, swarming, and hygienic behavior) which
contribute to their successful establishment and survival
in the environment. Among these traits, hygienic behav-
ior towards brood parasitized by the varroa mite
(Varroa destructor) has been the focus of research in
recent years due to its importance for bee survival.
Hygienic behavior is the ability of worker bees to detect
and remove parasitized brood (Boecking & Spivak, 1999;
Rothenbuhler, 1964; Spivak, 1996). The initiation of
hygienic behavior is thought to depend on the olfactory
sensitivity of an individual bee, as well as on the odor
profile and stimulus intensity coming from the damaged
brood (Gramacho & Spivak, 2003; Masterman, Ross,
Mesce, & Spivak, 2001; Spivak, Masterman, Ross, &
Mesce, 2003). Typically, the intensity of the odor ema-
nating from the brood is directly related to the degree
of damage due to parasitic infestation. Along these lines,
Schöning et al. (2012) also demonstrated that bees exhi-
bit selective damage-dependent hygienic behavior against
varroa.

Considering these facts, hygienic behavior is a useful
mechanism of disease resistance, since almost all serious
illnesses of honey bee result from brood diseases.
Therefore, hygienic behavior can be effective not only
against varroa, but also against other brood diseases,
which provide a significantly stronger olfactory stimulus,
by causing more obvious damage to the brood. Given
the importance of hygienic behavior in resistance against
brood diseases, it is crucial to understand and charac-
terize the mechanism of action of the hygienic behavior
and identify factors triggering its initiation. However,
details into the behavioral attributes of the bees and the
associated initiating signals for the execution of hygienic
behavior in relation to the detection and removal of
varroa mites are yet to be established.

One of the earliest accounts of hygienic behavior in
response to Varroa spp. was provided by Peng, Fang,
Xu, and Ge (1987) for Apis cerana. However, a short-
coming associated with the observation methodology
used in this study was that the experiments were car-
ried out using normal observation hives under daylight,
which is likely to affect bee behavior. To overcome this
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HYGIENIC BEHAVIOUR OF HONEYBEE COLONIES WITH DIFFERENT 

LEVELS OF POLYANDRY AND GENOTYPIC COMPOSITION

Dariusz Gerula*
Paweł Węgrzynowicz
Beata Panasiuk
Małgorzata Bieńkowska
Wojciech Skowronek

A b s t r a c t
Honey bee queens were inseminated with diluted, homogenised semen collected from 
a few dozen drones. This procedure was carried out to increase the diversity of the 
queens’ offspring, which is in comparison to the offspring of queens inseminated with 
semen from only a few drones coming from one colony. Queens and drones were mated 
within carniolan bee (Apis mellifera carnica) subspecies, but 3 selected lines were used. 
Queens were reared from one line and drones from the same line, and two additional 
lines differing in hygienic behaviour wherein in one of them that trait was strongly evi-
dent. The aim of this study was to examine whether the level of enhanced genetic vari-
ability in colonies and simultaneously the participation of hygienic bees, would increase 
the performance of hygienic behaviour. Overall hygienic behaviour of colonies with 
a lower and greater genetic variability did not differ significantly and amounted to 52.1 
and 47.0%, respectively. Colonies within the lower variability group, in which drones from 
line selected in hygienic behaviour performance were used for inseminating queens, had 
a significantly greater percent of cleaned pupae than other colonies (63.2%). Hygienic 
behaviour in other colonies was more dependent on the gene quotas of hygienic bees in 
the colonies rather than on the level of polyandry.

Keywords: genetic diversity, genotypic variation, hygienic behaviour, instrumental 
insemination. 

Research Institute of Horticulture, Apiculture Division, 
Kazimierska 2, 24-100 Puławy, Poland

INTRODUCTION

Susceptibility of bees to diseases is genetically 
determined. Different genotypes of bees within 
races or lines characterise with varying degrees of 
susceptibility to pathogens, such as Ascosphera apis 
(Gilliam et al., 1988), American foulbrood (Rothen-
buchler and Thompson, 1956), and the following  
parasites: Varroa destructor (Guzman et al., 1996), 
Acarapis woodi (Gary and Page, 1987), Nosema apis 
(Woyciechowski et al., 1994). One of many elements 
identifying bee resistance to diseases is hygienic 
behaviour. Therefore, it is important to check the 
usefulness of the various methods for assessing this 
trait (Olszewski and Paleolog 2007; Olszewski et al., 
2013). Hygenic behaviour is based on detection 
of diseased or already dead brood, uncapping and 
removing such brood from the cell. This trait is highly 

heritable and can be selected in a number of bee pop-
ulations (Rotenbuchler, 1964; Büchler, 1996; Spivak 
and Reuter, 1998). This mechanism of resistance is 
the most important in brood diseases and varrosis, 
in which exceeding a certain level of pathogens is 
crucial for the occurrence of clinical symptoms, such 
as ascospherosis (Gilliam et al., 1983). The effective-
ness of this resistance mechanism is determined 
by those bees that develop hygienic behaviour in 
a colony. Already 25% of the highly hygienic bees 
in relation to the unhygienic ones, influenced  the 
increased percentage of removed dead larvae from 
26 to 46% (Arathi and Spivak, 2001).
In addition to the genetic variation in the population 
influencing phenotypic variation, there is a natural 
diversity of genotypes of bees in colonies. This 
natural diversity is a consequence of evolutionarily 
developed multiple mating. Polyandry is important 
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Hygiejnisk adfærd mod varroa i yngelceller
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Flere underarter og hybrider inddraget for øge varians af 
hygiejne-relaterede DNA sekvenser: 

   A. m. 
carnica

 A. m. 
mellifera

 A. m. 
macedonica

 A. m. 
caucasica

 Hybrid:  
car X mac

 Hybrid:  
car X mel

total

Antal undersøgte bier 24.040 20.904 24.680 16.409 13.708 14.550
114.291

Antal “begynder bier” 217 175 162 170 152 191 1.067

Antal “hjælper bier” 492 374 439 280 325 429 2.339

Procent andel 
begynder+hjælper

2,9 2,6 2,4 2,7 3,5 4,3 3,0
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• Sammenlignende molekylær analyse af hygiejnisk og 
ikke-hygiejnisk individer (Aarhus Universitet) 
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Position in the genome

Eksempel på et resultat: single nucleotide polymorphisms mellem 
begynder bier og ikke-begynder bier i carnica-macedonica hybrider:



Genetiske markører

• SmartBees fandt 2000+ SNPs for varroa tolerance


• Deres værdi stadigt under evaluering ! Validering


• Bier der har været igennem SmartBees protokol 
evalueres i forhold til de fundne SNPs


• Biers SNPs er gode til underarter


• Adfærd er ikke helt så enkelt



Hygiejnisk adfærd
• SmartBees SNPs er baseret på individer (#43)


• Tolerance er på bifamilie niveau


• Det vides ikke, om tolerante bifamilier har 
mange begynder eller mange hjælper bier!


• Stor varians i tolerante biers mekanismer


• I har chance for at medvirke



Data fra bifamiliare
• Udrensningsevne - måles regelmæssigt i 

dronningeavlen


• Tilvækst i mængden af mider i løbet sæsonen 
Hvornår og hvor mange prøver?


• Protokol til studere Varroa Sensitive Hygienic 
adfærd findes - tung laboratorie opgave


• Hvor har I mulighed for at medvirke?



Stade nr. Arv Nosema Virus Varroa 1 Døgn 2 Døgn

300 SS278xST500 5 2-2-4-4 4,4 % 100 %

301 SS261xSS292 5 2-3-4-4 6,6 % 20 %

312 SS258xKB258 5

303 SS261xSS292 5 4-3-5-4 0,9 % 87 %

305 SS285xPS538 5 5-2-2-3 1,0 % 20 %

320 SS278xST500 5 5 3-4-3 3,7 100 %

204 SS285xPS538 5 5-4-3-4 0,3 % 5 % 20 %

213 SS292xKB258 5 5-4-4-3 2,2 % 95 % 100 %

228 SS197xBW347 5 5 % 5 %

OB210 SS265xST442 5 20 % 50 %

243 Ren. carnica 5 5-3-4-4 1,4 % 0 % 10 %

245 NB047xSS292 5 4-2-4-4 3,9 % 5 % 5 %

264 NB047xSS292 5 5-2-5-4 5,8 % 45 % 90 %

277 SS197xBW347 5 0 % 0 %

290 SS284xSS292 5 5-4-5-4 1,3 % 50 % 99 %

Eksempel på udrensningsevne



Varroa tilvækst
• Varroa tælles mindst to gange i løbet af 

sæsonen


• Standard protokol tæl naturligt nedfald, når 
pilen blomstrer (ofte tælles 3 gange 1 uge)


• I juli måned vaskes bier (standard protokol) 
Varroa tælles og bier tælles


• Værdifuldt med øvrige data, f.eks. bistyrke
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Screening for low Varroa mite reproduction 
(SMR) and recapping in European honey bees 
Coordination: Ralph Büchler, Cecilia Costa, Fanny Mondet, Nikola Kezic, 

Marin Kovacic

Introduction
In European honey bee subspecies usually 5-20% of the Varroa mites remain infertile 
after invading worker brood cells (see review by Rosenkranz et al., 2010). In addi-
tion, some mites show a delayed egg laying in relation to the brood development or 
have only male offspring due to unfertilized eggs. These occurrences limit the repro-
ductive success of Varroa which can be measured as the number of adult daughters 
per foundress mite at the moment of brood emergence.

In the 1990s, Harbo and Harris identified high levels of non-reproduction as an in-
herited character of worker bees which they named “Suppression of mite repro-
duction - SMR”. Later on, specific experiments suggested that the low proportion 
of fertile mites, at least in the US stock, mostly was due to preferential removal of 
reproducing mites by worker bees, so the trait was renamed “Varroa sensitive hy-
giene - VSH”. However, SMR in a colony can potentially result from mechanisms 
other than VSH behavior (there is evidence that brood may be able to prevent mite 
reproduction). One of the potential mechanisms is uncapping and recapping of (in-
fested) brood cells. At the right time of brood development, opening of infested cell 
for some time can have a negative impact on success of mite reproduction (Kirrane 
et al., 2011).

High levels of mite resistance were achieved by strong selection for SMR. Increased 
proportions of non-reproducing mites (40 – 50 %) have also been shown as a sig-
nificant trait of some naturally selected mite resistant A. mellifera populations in 
Europe ((Locke et al., 2012). Novel research on surviving populations indicate that 
recapping plays a very important role in resistance. However, we don´t have much 
information about the distribution of the SMR trait in different European subspe-
cies and its variability due to seasonal and environmental effects. Therefore, RNSBB 
partner institutes are running a joint investigation to gain more information on the 
variability of the rate of non-reproducing mites in different European honey bee 
populations and in different locations. 

Undersøgelse af lav varroamide 
formering (SMR) og recapping hos 
europæiske honningbier

Recapping activity can be noticed as a matte wax hole on the inner side of the caping
(Photos by M. Kovačić (upper) and C. Costa (lower))

Mite reproduction investigation
For the investigation of mite reproduction, only single infested brood cells (one 
foundress mite) in the developmental stages between “purple eyes” (7 days post cap-
ping) and “pupal moult completed” (12 days post capping) are evaluated. In the pur-
ple eye stage (7-9 days post capping), normally reproducing mites have at least one 
deutonymph and one male. On pupae with black eyes (10-12 days post capping), nor-
mally reproducing mites have at least one adult daughter mite and one adult male. 
The main criteria to differentiate between day 9 and 10 in terms of bee developmen-
tal stage is the presence of grey wing pads at day 10. Infested pupae without any off-
spring (infertility), with only younger stages of Varroa offspring (delayed reproduc-
tion) or without a male are therefore counted as containing non-reproductive mites.



Diagram of inspection of a brood cell for assessment of recapping and Varroa reproduction
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Kompleks protokol 
med mange enkelt  
karakterer for hver 
celle der åbnes. 
Det kræver et vist  
midetryk, man skal  
gerne finde 30 celler 
med mider, men vil 
nødigt åbne en hel  
tavle for finde det  
antal. 
Kan man finde tolerant 
bifamilier med mange  
mider?



Comparative development of A.m. honey bees (bottom) and Varroa destructor mites 
(first two eggs) (top), 7 to 12 days post-capping of brood cells (photos by F. Mondet) 

Photographs show the average appearance of development of mite progeny (first 
two eggs) in relation to bee pupae stage. For bees, the main characteristics used to 
determine each stage are indicated below the photographs. For mites, the normal 
expected stage of eldest female and male offspring are indicated above the photo-
graphs. If the eldest found progeny is at a younger stage than the illustrated one, for 
a given bee stage, then the founder mite will be classified as NON-REPRODUCING. 
The solid line placed between day 9 (bees with coloured thorax, but no grey wing 
pads) and 10 (bees with grey wing pads) post capping separates the period before 
and after which we should expect adult female varroa offspring.

Yngelceller  
åbnes og puppens 
alder bestemmes 
ved farveskift. 
Det vurderes om 
miderne kan nå 
at udvikles færdigt. 

Mangler hanmiden 
har bierne nok 
forstyrret opvækst. 



Oversigt

• Honningbiers naturlige tolerance er belyst


• Varroa tilvækst sker både i biernes yngel og  
fra omgivelserne ved smittespredning


• Derfor er timing vigtig


• Hygiejnisk adfærd overfor varroa undersøges 
stadigt. Hvad får bierne til at åbne celler? 
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