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CHAPTER 1

Introduction and objectives 

 This PhD thesis is a report of a study on the behavioral biology and 
the reproduction of the mite Varroa destructor. This external parasite of the 
honeybee Apis mellifera and Apis cerana is a world-wide pest of honeybee 
colonies with major economic impact on the beekeeping industry with A. 
mellifera. At present, this mite is considered as a factor contributing to the 
recent decline of honeybee colonies in North America and Europe.
 It is reported that colonies infested with varroa appear restless, the 
brood is neglected and parasitized bees have a lower birth weight and may 
have malformations. There is considerable evidence that colonies infested 
with varroa eventually collapse as a result of secondary infections, and of 
these, viruses activated by the presence of the mite are the most important. It 
is known that acute paralysis and deformed-wing viruses are transmitted by 
the mite. Furthermore, V. destructor can act as a vector for sacbrood and black 
queen cell viruses (Bailey & Ball, 1991). According to Ball (1985) acute paralysis 
virus was the primary cause of both adult bee and brood mortality in German 
honeybee colonies severely infested with varroa. 
 The female mite reproduces within the honeybee-sealed brood cell, 
which it invades just prior to it being capped. After cell capping the mite 
feeds on the developing bee and lays several eggs at regular intervals. The 
eggs hatch and the offspring feed at a site established by the mother mite on 
the bee brood, mature and mate within the cell (Donze & Guerin, 1994). The 
mature female mites leave the cell when the host bee emerges. Outside the 
cell (phoretic phase) the female mite lives attached to the adult bee where it 
feeds regularly on the bee’s haemolymph by piercing the host membrane. 
 Varroa mites live apparently in a longtime association with their natural 
host A. cerana, in Asia. Varroa reproduces only in drone cells, mites can enter 
worker brood but no offspring are produced in A. cerana (Koeniger et al., 1981). 
In contrast to the situation in A. cerana, varroa mites in European colonies (A. 
mellifera) reproduce both in drone and in worker cells. Reproduction in worker 
brood is probably critical for the susceptibility of European bees to varroa 
mites, because it implies that the mite population grows rapidly and colonies 
do not survive without treatment (Boot et al., 1999). 
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Varroa as a pest of honey bees in tropical America 
 Because varroa populations increase when brood is present, it would 
be expected that in tropical climates, where brood rearing takes place year-
round, the effect of varroa would be even more devastating. However, that 
has not been the case in Brazil, where varroa is not considered a problem. 
Some reports on Africanized honey bees (AHB) (descendants of African = A. 
mellifera scutellata and European races of honey bees) suggest that these bees 
are tolerant or resistant to varroa and that colony losses are not a problem 
(De Jong, 1997). Tolerance to varroa is defined as the capacity of a honeybee 
colony to coexist with an infestation of the parasitic mite, V. destructor, without 
the need for treatments applied by the beekeeper. The mechanisms for this 
apparent resistance or tolerance are not well understood. 

Is tolerance to V. destructor the same in all areas with Africanized bees? 
 Information on the varroa situation is sparse from Brazil’s neighboring 
tropical countries. So far, the effect of this mite on Africanized bees in other 
tropical American regions appears different from the situation reported from 
Brazil. In Paraguay, the level of varroa tolerance seems to be comparable to 
that of Brazil (Moretto et al., 1991). In Uruguay, long-term survival of untreated 
honey bee colonies was confirmed. Nevertheless, striking tolerance factors 
were not evident and infestation levels are higher than in Brazil (Rosenkranz, 
1999). In the non-tropical regions of Argentina honey bee colonies cannot 
survive without varroa treatment. In Colombia, losses of colonies were 
reported after the spread of the mites. Unlike Brazil, the use of acaricides is 
recommended for beekeepers and has been used already at an early stage of 
varroa infestation. Significant differences in varroa reproduction between AHB 
in Mexico and AHB in Brazil (Medina & Martin, 1999), suggest that the degree 
of bee tolerance in Mexico is lower to that of AHB in Brazil. 
 Varroa tolerance is influenced by multiple factors of the host, possible by 
genetically determined virulence of the parasite, and additionally triggered by 
environmental conditions. This combination of factors could create different 
modes and levels of tolerance depending on honey bee race, origin of the 
mite and climatic conditions. The geographical variation in fertility and growth 
rate of varroa populations between tropical regions may be a consequence of 
different conditions for the mite in these areas. Therefore, regional differences 
in season length, weather conditions and bee and mite genotypes make it 
difficult to transpose the results from AHB in Brazil to AHB in Central America.

Introduction and objectives
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 The arrival of V. destructor to Central America has added a new threat to 
beekeeping in this region. In Costa Rica, as a consequence of varroa incidence 
in the apiaries, beekeepers have reported loss of hives, reduced production of 
honey and an increase in the incidence of other bee diseases, like deformed 
wing virus. Infestation rates of up to 22% in adult bees, and a total of 8000 
mites found in some colonies during a study, indicate that mite populations 
found in AHB colonies in Costa Rica are higher than those reported for AHB in 
Brazil. 
 This threat of varroa mites to beekeeping resulted in the development 
of several drugs (chemical control) and nowadays highly effective acaricides 
against varroa are available. Throughout most of the world, it has become 
necessary to apply chemical treatments (acaricides which selectively kill varroa) 
at least annually so as to keep bee colonies alive. The most commonly used 
chemicals are pyrethroids embedded in a plastic strip. These include fluvalinate 
(tau-fluvalinate) and flumethrin. A considerable percentage of beekeepers in 
Costa Rica treat their colonies annually with synthetic and natural acaricides 
because they are afraid of reduced honey yields due to high infestation rates. 
A common varroa treatment is the use of wooden strips (tablitas) coated with 
fluvalinate and flumethrin. The actual percentage of beekeepers who do not 
use acaricides is estimated in less than 10%. 
 Nevertheless, the use of acaricides has disadvantages. Acaricides 
contaminate bee products like honey and wax. In addition, mites have become 
resistant to these acaricides and this resistance is spreading worldwide, which 
implies the need for alternative control methods. To find new control methods 
against varroa mites, more knowledge about mite biology and its interaction 
with the honey bee is needed. When mites infest colonies in an apiary, their 
populations can increase to levels that cause the loss of the colony. Nevertheless, 
in some colonies the mite populations remain at low levels and the bees show 
no disease effects. Reduced reproduction of V. destructor is regarded as one of 
the most important factors in tolerance of the honey bee towards this parasite. 
The rate of reproduction of a parasite is an important factor determining the 
dynamic population and its virulence. Minor variations in the reproductive 
rate of this parasitic mite may have an impact on its population (Calis et al., 
1999). The observation that large numbers of infertile mites were present in 
honeybee populations tolerant to varroa has led to mite infertility becoming 
perhaps the most widely accepted explanation for varroa tolerance. It has 
frequently been suggested that mite infertility is particularly prominent in 
Africanized bees and that it is the main reason for varroa tolerance in these 
types of bees. The best measure to quantify reproductive success in varroa 
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mites is analyze the number of fertile mites and the number of viable females 
produced in worker brood cells per foundress per reproductive cycle. 

Aims of the study
 The main objective of this PhD thesis was to gain understanding of 
the reproductive biology of V. destructor in Africanized honey bees in Central 
American conditions, specifically in Costa Rica. I have investigated the 
reproductive rate of V. destructor in worker and drone brood cells, especially in 
relation with mite fertility and the production of viable females. A comparison 
of the reproductive rate of V. destructor in worker and drone cells was done to 
get insight in the host-parasite relationship in Africanized bees. In addition, 
results on mite population dynamics and its influence on the colony condition 
are presented. 
 So far a scientific study about the varroa reproductive biology on AHB in 
the tropical region of Central America has not yet been undertaken. Because 
Costa Rica has AHB and similar tropical climatic zones as Brazil, it seemed 
important to compare the situation in AHBs in Central America with this from 
other areas where AHBs  do occur, specifically in Brazil, where varroa is reported 
to maintain low rates of reproduction.

Introduction and objectives
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CHAPTER 2

Reproductive biology of Varroa destructor in Apis 
mellifera colonies: focusing on Africanized honey bees 

(Review article)

Calderón, R.A.; Van Veen J.W.; Sommeijer M.J.; Sánchez L.A.

I. Introduction
 The mite Varroa destructor Anderson & Trueman (2000) (Mesostigmata: 
Varroidae) (formerly named Varroa jacobsoni) is a worldwide ectoparasite of 
honey bees with serious economic importance for beekeeping. The problem is 
most acute in regions with a temperate climate, which have bees of European 
origin (De Jong, 1997). Severe mortality due to this mite has been reported in 
colonies of European honey bees (EHB) in many countries of Europe, Asia and 
North America (Bailey & Ball, 1991; Mobus & Bruyn, 1993). However, in tropical 
regions of Brazil, where honey bees are Africanized (AHB) the mite effect on 
the colonies appears to be reduced to the point where no control measures are 
necessary and no colony losses because of this mite seem to occur (De Jong, 
1997; Moretto, 1997; Moretto & Leonidas, 2001; Moretto & Leonidas, 2003). 
 Different factors contribute to the population growth of mites, which 
eventually can lead to colony collapse. Although larval stages of the honey 
bee must be available for mite reproduction, this is only one factor that 
influence mite population growth (Garrido et al., 2003). The development 
time of worker brood, the hygienic behavior, the grooming behavior and the 
reproductive ability are characteristics long associated with varroa tolerance. 
Furthermore, regional differences in weather conditions and mite genotypes 
make it difficult to characterize the mite reproductive ability and the varroa 
population dynamics over a wide-spread area (De Guzman et al., 2007). 
 The serious impact of this mite on Africanized bees in other tropical 
American regions appears different from the situation in Brazil (Medina & 
Martin, 1999). The geographical variation in fertility and growth rate of varroa 
populations between geographic regions may be a consequence of different 
conditions for the mite in these areas (De Guzman et al., 2007). According 
to Correa-Marques et al. (2003) varroa reproductive success is considered a 
significant characteristic for determining the resistance of honey bees to this 
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parasite. Nevertheless, objective comparisons between published studies 
in this topic are difficult, as each researcher has used different techniques. 
Frequently the methodology is not clearly explained (De Jong, 1997; Correa-
Marques et al., 2003). 
 A comprehensive review of the literature was conducted to collect the 
data of varroa mite reproduction thereby providing insight into this host-
parasite relationship. Here we present an overview of the reproductive biology 
of varroa, focusing on some aspects of the mite reproduction rate (fertility and 
production of viable female mites) on Africanized bees.

1.1 Mite distribution
 Varroa was described by Oudemans in 1904, who first observed this 
mite in the brood cells of drone larvae of the Asian bee Apis cerana in Java, 
Indonesia (Bailey & Ball, 1991). The mite was found on A. cerana in Japan in 
1909 (Crane, 1984) and was for the first time detected on Apis mellifera, also in 
Japan in 1958 (Mikawa, 1986). The association with A. mellifera was considered 
to be a result of the introduction of this bee species into regions of Asia, where 
A. cerana is native (Bailey & Ball, 1991). Repeated introductions of A. mellifera 
into Japan and other regions of Asia allowed continued contact between the 
two bee species. In 1962-63, varroa was found on A. mellifera in Hong Kong 
and the Philippines (Delfinado, 1963). 
 The introduction of queen bees from infested areas and the movement 
of infested colonies of bees for pollination led to the rapid spread of this mite 
throughout most of the world (Bailey & Ball, 1991; Oldroyd, 1999). The spread 
to areas outside the range of A. cerana occurred through the transport of 
infested A. mellifera to Europe (De Jong et al., 1982b). In 1977 the first mites 
were detected on A. mellifera in Western Europe (Ruttner, 1977). In 1999, the 
mite was found in all major beekeeping countries over the world with the 
exception of New Zealand, Australia, Hawai in the USA and parts of Africa (De 
Guzman & Rinderer, 1999). In 2000, varroa was also detected from New Zealand 
(Matheson, 2000; Zhang, 2000). The first records of varroa occurrence in Hawai 
are from 2007 (Ramadan, 2007).
 Varroa is considered to have arrived in South America on queens of A. 
mellifera that were taken to Paraguay by Japanese beekeepers in 1971 (Bailey 
& Ball, 1991; De Jong et al., 1982b). This mite has been present on Africanized 
bees in Brazil since 1972 without a single reported colony death (De Jong et 
al., 1984). The origin of the infestation in The United States, first found there 
in September 1987 (Nedham, 1988), is unknown. De Guzman et al. (1997) 
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suggest that according to their results using Randomly Amplified Polymorphic 
DNA (RAPD) the varroa of the United States is probably predominantly Russian 
in origin (assumed to have arrived via Europe). As was the case in Europe, 
all attempts to control the spread of this mite by restrictions on bee colony 
movement were essentially ineffective. The restrictions themselves caused 
considerable economic losses (De Jong, 1997; Matheson, 1996; De Guzman & 
Rinderer, 1999). 
 Varroa was reported for the first time in Mexico in 1992 (Guzman-Novoa 
et al., 1999). Until 1993, Central America and Panama were considered free of V. 
destructor (Matheson, 1993). So far, the presence of varroa in Central America 
has been reported for Guatemala (Ibarra & Ocheita, pers. comm., 1995), Belize 
(Matheson, 1996), El Salvador (Diaz, pers. comm., 1996), Costa Rica (Van Veen et 
al., 1998), Honduras  (Salas & Quan, pers. comm., 1998) and Panama (Calderón 
et al., 2000). There are few reports of the presence and distribution of varroa 
mites from Nicaragua. 

1.2 Varroa is more than one species 
 V. jacobsoni was first described as a natural ectoparasitic mite of the Eastern 
honey bee, A. cerana, and appeared to occur throughout Asia. It later switched 
to its new host, the Western honey bee, A. mellifera. Nevertheless, genotypic 
and phenotypic variation in varroa, measured by comparing mtDNA Co-I gene 
sequences and morphological characters of adult female mites collected from 
A. cerana in Asia and A. mellifera worldwide, demonstrates that this parasite 
is a complex of at least two different sibling species (Anderson & Trueman, 
2000). One is V. jacobsoni and the other is the new species V. destructor. In this 
proposed classification V. jacobsoni includes the Java haplotype, specimens of 
which were used to describe V. jacobsoni at the beginning. In Java, Indonesia, 
female V. jacobsoni, which parasitize and reproduce on drone brood of A. 
cerana, completely lack the ability to reproduce on either worker or drone 
brood of A. mellifera (Anderson, 1994). In addition, comparisons of the female 
mites belonging to the different species showed morphological differences. 
Adult females of V. destructor are significantly larger and less spherical in shape 
than females of V. jacobsoni (Anderson & Fuchs, 1998; Anderson & Trueman, 
2000). 
 According to Anderson & Trueman (2000) V. jacobsoni infests A. cerana 
in the Malaysia-Indonesia region. Meanwhile V. destructor infests its natural 
host A. cerana on mainland Asia and also A. mellifera worldwide (V. destructor 
is much more widespread than V. jacobsoni). This new varroa classification 
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implies that the findings of past research on V. jacobsoni are applicable 
mostly to V. destructor. Variation in MtDNA CO-I sequence exists even within 
V. destructor, and Anderson & Trueman (2000) have described a complex of 
six different haplotypes. The most important are the Korean haplotype and 
the Japan/Thailand haplotype. These V. destructor haplotypes are discussed in 
more detail in section 5.

1.3 Damage to honey bee colonies 
 Serious damage to A. cerana colonies has never been reported (Rath, 
1993), meanwhile many reports exist of severe damage and loss of thousands 
of A. mellifera colonies caused by infestation with varroa mites, especially in 
temperate areas of Europe and Asia (De Jong et al., 1982a). Varroa is generally 
considered the most severe threat to world beekeeping (De Jong, 1997; 
Sammataro, 2000).
 Adult bees emerging from infested brood cells with V. destructor show 
a marked reduction in weight compared with their uninfested sister bees (De 
Jong et al., 1982a). In addition, the brood is neglected and parasitized bees 
may be deformed. Amongst the range of symptoms described in colonies 
infested with varroa mites are a reduced adult bee population, crawling bees 
in front of the hive and queen supersedure (Hung et al., 1995). 
 Shimanuki et al. (1994) have suggested the terminology “parasitic mite 
syndrome” for colonies infested with V. destructor showing the symptoms (end 
stage of varroa infestation). Much damage is due to secondary infections. Bees 
from dying infested colonies have been found to be infected with a number of 
honey bee viruses (Ball, 1996). It is known that acute paralysis and deformed 
wing viruses are transmitted by the mite (Ball, 1985; Bowen et al., 1999). 
Furthermore, V. destructor can act as a vector for sacbrood and black queen cell 
viruses (Bailey & Ball, 1991). According to Ball (1985) acute paralysis virus was 
the primary cause of both adult bee and brood mortality in German honey 
bee colonies severely infested with varroa. 
 According to Martin (2001) deformed wing virus initially had little effect 
on the colony but during late summer, as the population of virus-transmitting 
mites increased, the virus caused a reduction in the number of healthy young 
bees entering the overwintering population. This imbalance in the age structure 
of the overwintering bees resulted in the eventual death of the colony.
 Virus multiplication may be induced experimentally in adult bees by 
the injection of foreign proteins, and digestive enzymes or toxins secreted by 
the mite may have a similar effect in nature. Apparently the introduction of 

Reproductive biology of Varroa destructor in Apis mellifera colonies



15

foreign proteins from varroa mites into the bee’s haemolymph can stimulate 
virus replication (Ball, 1985).
 Even though bees originating from African races appear more resistant 
to varroa mites and serious damage has never been reported because of this 
mite in Brazil (Moretto et al., 1991a), newly emerged bees with damaged wings, 
bees crawling in front of the hive and unusually severe adult bee mortality 
were observed in AHB colonies in Costa Rica. A large proportion of the adult 
bee population in most of these colonies was infested with V. destructor. The 
analysis of adult bee samples showed the occurrence of deformed wing virus 
and Kashmir bee virus (Calderón et al., 2003a).
 There is considerable evidence that colonies infested with varroa 
eventually collapse as a result of secondary infections, and of these, viruses 
activated and transmitted by the mite are most important (Ball, 1996). This 
would imply that a factor for the development of mite tolerance in a honey 
bee population could be the relative absence of secondary pathogens in that 
population.
 The effects of viral disease on bee colonies are complex, acting both 
at the level of the individual and the colony (Martin, 2001; Sumpter & Martin, 
2004). The homogeneous genetic structure, close physical contact, and 
extensive social interactions among individuals make bee colonies especially 
vulnerable to the infection and transmission of pathogens (Chen et al., 2006; 
Chen & Siede, 2007). However, the highly elaborate social organization of bee 
colonies poses a special advantage for bee immunity to defend against the 
infection of pathogens and to improve the survival of the colonies (Evans & 
Pettis, 2005). The colony is only threatened if premature death or behavioural 
change affects many individuals (Martin, 2001).
 Although the physical and chemical barriers usually keep pathogens 
from entering the bee body, pathogens occasionally break through these 
defenses and begin to multiply. Whenever physical and chemical barriers 
are breached, honey bees can actively protect themselves from infection by 
employing an innate immunity response which represents a second line of 
defense an occurs immediately upon infection (Chen & Siede, 2007; Evans et 
al., 2006).

Reproductive biology of Varroa destructor in Apis mellifera colonies
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II. Varroa mites in A. cerana
2.1 What is the varroa situation in the Asian honey bee A. cerana, the 
original host? 
 Varroa mites live apparently in a longterm association with their natural 
host A. cerana, the Indian honey bee, in South East Asia. Serious damage to 
these bees has never been reported, and treatment against varroa is not 
needed in beekeeping with A. cerana (Rath, 1993). According to different 
reports, infestation levels range between zero and several hundred mites per 
colony (Buchler, 1994). Rath & Drescher (1990) observed a maximum infestation 
of 798 mites for one A. cerana colony in southern Thailand. 
 Grooming for mite removal is more effective in workers of A. cerana 
compared to A. mellifera (Peng et al., 1987). A. cerana worker bees are also 
able to detect and eject mites from sealed brood cells. A combination of these 
factors effectively limits the growth of the mite population in A. cerana colonies 
and limits any damaging effect of infestation (Ball, 1993; Boot et al., 1997).
 Koeniger et al. (1981) found that varroa on A. cerana reproduced only in 
drone cells. Mites can enter worker brood cells but no offspring are produced 
in A. cerana (Boot et al., 1997). Successful reproduction of mites in worker brood 
was found only in exceptional cases or under experimental conditions (De 
Jong, 1988; Tewarson et al., 1992). Furthermore, drone cells of A. cerana proved 
to be better suited for reproduction of the mites than drone (and worker) cells 
of A. mellifera. Not only did more mites produce female offspring in drone 
cells of A. cerana when compared to reproduction in cells of A. mellifera, they 
also produced more daughters per mite (97-100% of the mites in drone cells 
produced daughters) (Beetsma et al., 1999; Boot et al., 1992; Boot et al., 1997).
 The question remains as to why varroa mites refrain from reproduction 
in worker cells of A. cerana. Apparently, reproduction is not the only reason 
for mites to invade a brood cell. They may invade worker cells of A. cerana to 
hide in safety from the grooming behavior of adult bees (Fries et al., 1996) or 
because residing in worker cells may lead to higher reproductive success in 
a following cycle in drone brood cells (Boot et al., 1997). Thus refraining from 
reproduction in worker cells of A. cerana may well be a better strategy, if this 
allows the mite to survive and reproduce later (Boot et al., 1997).

III. Varroa mites reproduction in European bees
3.1. Reproductive cycle 
 The reproductive cycle of the mite has been mainly studied and 
described for European bees. This general reproduction pattern is also found 
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in other bee races, like the Africanized bees in Latin America. However, some 
specific differences in mite reproduction parameters in AHB produce significant 
changes in the varroa population dynamics. These differences are discussed in 
more detail in chapter 5.
 Varroa depends on honeybee brood to reproduce and therefore cannot 
reproduce during broodless periods (Webster, 2001). Female mites initiate 
reproduction by entering the brood cells of last-stage worker or drone larvae, 
normally within about 20 or 40 hours respectively, before the cell is sealed 
(Bailey & Ball, 1991), and hide from the nurse bees by submerging in the 
remaining liquid brood food, lying upside down. The mite’s modified peritremes 
protrude snorkel-like out of the fluid surface, enabling them to respire (Donze 
& Guerin, 1997). Mites remain in this position for a short time, up to about four 
hours after the cell is sealed in worker brood. After leaving the larval food on 
the bottom of the sealed cell, the mites begin feeding on the haemolymph 
of the prepupae. About 60 to 70 hours after the brood cell is sealed, the first 
egg is laid (Bailey & Ball, 1991). Eggs are laid one by one, usually on the cell 
wall, at intervals of about 30 hours. The first egg is generally male, and the 
rest female (Martin, 1994). Mites go through the following instars: eggs-larvae, 
ambulatory protonymph, immobile protonymph, ambulatory deutonymph, 
immobile deutonymph and adult (Martin, 1994). Mobile nymphs actively feed 
(feeding phase) and grow while immobile instars are quiescent (non-feeding). 
The foundress mite keeps the feeding site on its juvenile bee host open to 
allow her offspring to eat (Donze & Guerin, 1994).
 Male mites develop from egg to adult in about 5.5 to 6.2 days and 
females in 6.5 to 6.9 days (Martin, 1994; De Jong, 1997). Foundress mites can 
deposit a maximum of six eggs in worker cells and seven eggs in drone cells 
(Rehm & Ritter, 1989).
 Since males do not survive outside brood cells, fertilization of the adult 
daughters occurs within the cell. The deutonymphs molt directly to the adult 
phase, and mating takes place between the siblings (only when there is one 
foundress mite, otherwise outbreeding may occur) in the fecal accumulation 
site of the capped brood cell (female mites can only mate immediately after 
moulting) (Donze & Guerin, 1994).

3.2 Behavior of mites between reproduction periods (phoretic phase) 
 The bee hatches and leaves the cell along with the original female mite 
and the new adult females (Kraus, 1994). Only the adult females survive after 
the bee emerges. Deutonymphs, protonymphs, eggs and males are left in the 
cell when the bee emerges. All of these apparently die, or are removed and 
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killed by the nurse bees. 
 The females stay on the adult bees for a variable period lasting a few days 
to several weeks (Kuenen & Calderone, 1997), possibly exhibiting a half-life 
function dependent on the ratio of bees to susceptible brood in a given colony 
(Boot el at., 1991). This is called the phoretic phase. After a variable period of 
time and a matter of chance (depending on the season and availability of 
brood) (Boot et al., 1993), the females begin the cycle again and invade new 
brood cells. They can do so immediately, though when they feed on an adult 
bee during this interval, their reproductive rate is increased (Beetsma & 
Zonneveld, 1992). 

3.3 Cyclic pattern of varroa reproduction 
 Varroa reproduction occurs in reproductive cycles, which start just after 
the host cell is sealed and end when the bee emerges. Female mites can go 
through two or three reproductive cycles in field populations (Martin & Kemp, 
1997) and as many as seven cycles producing up to 30 eggs when artificially 
transferred between cells. Contact with adult bees is not indispensable for 
mite reproduction (De Ruijter, 1987).

3.4 Susceptibility of European bees to varroa mites 
 V. destructor is the most important pest of European races of the Western 
honey bee, A. mellifera (Bailey & Ball, 1991; Mobus & Bruyn, 1993). Colonies 
infested by varroa mites are damaged and are likely to die over winter only 
three years post infestation (Korpela et al., 1993). Parasitised bees suffer from 
malformations and a shortened life span (Beetsma et al., 1989). Next to direct 
damage to bees through feeding, mites act as vectors of honeybee viruses and 
increase the incidence of honey bee diseases (Ball, 1985; Ball, 1996; Bowen et 
al., 1999; Chen et al., 2006; Chen & Siede, 2007). Therefore, mite populations in 
European bees must be controlled to avoid colony collapse (Fries et al., 1994). 
 In contrast to the situation in A. cerana in which the mites invade both 
drone and worker cells but reproduce only in drone cells, varroa mites in 
European colonies reproduce both in drone and in worker cells. Reproduction 
in worker cells is probably crucial for the highly susceptibility of European 
bees to varroa mites, because it implies that the mite population grows rapidly 
(exponentially) and colonies do not survive without acaricidal treatment (Boot 
et al., 1999). More than 80% of varroa mites found in worker brood cells in 
European bees in northern Europe are reproducing mites (Ritter & De Jong, 
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1984). Fuchs & Langenbach (1989) recorded 92.7% and Buchler & Dresher 
(1990) reported mite reproduction rates at 86.6% in worker brood cells. The 
percentages of mites that did not reproduce in worker cells of European bees 
range between 11% and 14% (Ghandi & Hoopingarner, 2003). In addition, 75% 
of the fertile mites produce viable offspring (females that can reach the adult 
stage and have a mate available) (Martin, 1994). This is critical because for a 
female mite to produce viable offspring, it must be mated (Harris & Harbo, 
1999); thus, this portion of mites directly contributes to the real growth rate of 
varroa population.

IV. Preference of mites for drone brood versus worker brood
 The reproductive ability of V. destructor varies according to the type of 
honeybee brood (worker or drone) being parasitized (Calderone & Kuenen, 
2001; Camazine, 1988; Fuch, 1992; Ifantidis, 1988; Martin et al., 1997). Drone 
brood is more frequently infested and preferred by mites, and the average 
number of mites entering a cell with drone brood is higher than the number 
entering a cell with worker brood (Boot et al., 1991). In addition, mites prefer 
drone larvae to worker larvae when given the choice in laboratory tests (Le 
Conte et al., 1989; Trouiller et al., 1992). Queen cells are not normally invaded 
by the mite (Calderone et al., 2002; De Jong, 1997; Harizanis, 1991). Lower 
incidence of mites in queen cells is at least partly due to the deterrent activity 
of royal jelly (Drijfhout et al., 2005; Nazzi et al., 2009).
 Mite preference appears to be based, in part, on chemical attractants 
secreted by the larvae and present on the cuticle (Trouiller et al., 1991; Trouiller 
et al., 1994). Varroa mites are present on adult bees prior to invasion of brood 
cells. To decide to invade a brood cell or to stay on the bee, mites should 
obtain information about the content of the cell, e.g. a volatile chemical 
coming from the larvae (Boot, 1994; Rickli et al., 1992; Rickli et al., 1994). Such 
chemical information could be different for worker and drone brood, enabling 
discrimination by the mites (Boot et al., 1992; Calderone & Lin, 2001). Le Conte 
et al. (1989) suggested that some aliphatic esters might be involved in mite 
invasion of cells.
 In contrast to the chemical attractants related to cell invasion by varroa 
mites, there are a number of physical correlates to cell invasion (Calderone & 
Kuenen, 2003; Kuenen & Calderone, 2000). The shape of the brood cell appears 
to influence preference for drone cells (De Ruijer & Calis, 1988). The surface of 
a drone cell is 1.7 times bigger than that of a worker cell, which increases the 
chance for a mite on a bee to come close enough to a suitable cell. Worker 
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larvae in shallow cells are infested and capped sooner than larvae in control 
cells (Boot et al., 1995; Goetz & Koeninger, 1992), whereas larvae reared in 
elongated cells are capped later than unmanipulated cells (Goetz & Koeninger, 
1993). Higher mite infestations occurred in worker cells that were individually 
raised above the surrounding cells (De Jong & Morse, 1988).
 In European honey bees (EHB), varroa mites invade drone cells up to 
11.6 times more frequently than they invade the worker brood cells (Boot et 
al., 1995). Furthermore, the mites have a much higher reproductive success 
in drone brood cells (Martin, 1995), an average of 1.4 new female mites per 
original mother mite in worker cells and 2.2 in drone cells are reported for 
European bees (Fuchs & Langenbach, 1989). 
 In A. cerana varroa reproduces only in drone cells (97-100% of the mites 
in drone brood produced daughters), though the mites occasionally enter 
worker cells. The low tendency of varroa to invade and reproduce in worker 
brood cells of A. cerana reduces the principal cause of damage found in A. 
mellifera colonies. Some reproduction in worker cells occurs in South Korea 
(De Jong, 1988), although infestations in A. cerana colonies are generally low, 
and no treatment is necessary. 
 To evaluate that it may be the brood type, which plays a role in mite 
reproduction success, we compared the reproductive rate of V. destructor 
in worker and drone cells of AHB colonies under the tropical conditions of 
Costa Rica. One of the most significant differences in mite reproduction was 
the higher percentage of mites producing viable offspring in drone cells 
(38.1%) compared to worker cells (13.8%). In worker brood fewer offspring 
are produced and higher rates of non-reproduction were found than in drone 
brood. A significant finding was that more than 74% of mites that did not 
reproduce in worker brood produced offspring when they were transferred to 
drone brood (Chapter 5) (Calderón et al., 2007). This indicates that brood type 
has an influence in the host-parasite relationship and plays a role in the ability 
of mite reproduction.
 Medina & Martin (1999) compared mite reproduction in worker cells of 
European bees in England and Africanized bees in Mexico. They found that the 
number of females not producing any offspring (non-reproducing) was similar 
(12% in AHB; 9% in EHB) in the two studies. The major difference between 
the studies was the percentage of mothers producing viable offspring. In AHB 
this falls to around 40% compared with 75% in EHB. The main reason for this 
difference is the considerably higher rate of mortality suffered by the first and 
second mite offspring in AHB worker cells. Furthermore, Guzman-Novoa et al. 
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(1996) found that the worker brood of Africanized bees was two times less 
attractive to V. destructor than the brood of European bees.

V. Varroa mites reproduction in Africanized bees
5.1 Defense of Africanized bees to varroa mites in Brazil 
 Since its first contact with A. mellifera, it can be seen that the population 
dynamics of the parasite V. destructor varies from one region to another. In 
many regions of the world, apiculture has become an activity depending 
on the use of acaricides, because of the extensive damage caused by varroa 
to bee colonies. In Brazil varroa was introduced more than 30 years ago 
and established itself at low levels of infestation, without causing apparent 
damage to apiculture (De Jong, 1997; Moretto & Leonidas, 2001; Moretto & 
Leonidas, 2003). Among the races of A. mellifera, bees originating from African 
races appear more resistant to this parasite than European races (Moretto et 
al., 1991a). 
 In Brazil varroa was probably introduced in 1972 in the state of Sao Paulo 
(Morse & Goncalves, 1979). Nevertheless, this mite has not caused significant 
damage in this state due to the low infestation level found, approximately 3% 
(Moretto et al., 1991b; Moretto & Leonidas, 2003).
 As varroa dispersed through regions of Brazil, infestation rates of more 
than 10% were first recorded and it was thought to be a serious threat to 
Brazilian apiculture. However, a strong reduction of the rate of infestation has 
been observed in AHB colonies in several regions of this country, since the 
introduction of the parasite (Moretto et al., 1995; Moretto & Leonidas, 2003). 
For example, the mean infestation rate in Sao Joaquin in the spring of 1986 
was about seven mites per 100 bees, whereas in 1993 it was 2.03 per 100 bees. 
The same tendency was found in other regions of Santa Catarina state (the 
decreasing infestation rates observed from 1986 to 1993 demonstrate that an 
adaptive process has occurred in this host-parasite relationship) (Moretto et 
al., 1995). The natural resistance of AHB in Brazil is evident from the low levels 
of infestation through the years (De Jong, 1997; Moretto & Leonidas, 2003). 
 Even though reduced varroa infestation level has also been reported 
from Uruguay (Ruttner et al., 1984), where about 70% of the varroa mites found 
in worker brood cells are infertile mites, there are different levels of varroa 
tolerance compared to Brazil and Argentina. In Uruguay, long-term survival of 
untreated and presumably non-Africanized bee colonies was confirmed. Striking 
tolerance factors, however, were not evident in Uruguay and infestation levels 
are higher than in Brazil (Rosenkranz, 1999). The mites found on Africanized 
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bees in Brazil have the same origin and have populations contiguous with those 
found on European bees in Argentina, where annual treatments are essential 
to keep colonies alive (De Jong et al., 1984; Rosenkranz, 1999).

5.2 Proposed tolerance mechanisms to varroa 
 The tolerance or resistance of AHB to varroa in Brazil is apparently 
attributable, at least in part, to resistance mechanisms. Because of the big 
difference on the impact of varroa on European and Africanized bees, several 
mechanisms of bee resistance, behavioural characteristics and external factors 
related with low infestation rates and a limited mite reproductive ability, 
have been proposed (Moretto, 1997). In the next section, we discuss some 
resistance mechanisms of AHB to varroa, focusing on traits related with mite 
reproduction.

5.2.1 Grooming behavior 
 Grooming refers to the behavior in which the bees groom themselves 
and each other when they are irritated by the mites (Büchler, 1994; Moretto & 
Mello, 1999; Peng et al., 1987) and even kill them with their mandibles (Szabo 
et al., 1996). The infested bee tries to remove the mite by licking and biting, 
and by vigorous movements of the mesothoracic legs (Peng et al., 1987). The 
typical damage caused to mites through successful grooming are injuries to 
the legs and dorsal shields, caused by the biting and chewing of adult bees 
(Rosenkranz, 1999).
 According to Boot et al. (1995), the Africanized bees of Brazil, A. cerana 
in Asia, and A. mellifera intermissa in Africa present this grooming behavior and 
varroa females infesting them do not leave descendants when parasitizing 
worker brood cells.
 Artificial infestation of bee colonies with adult varroa females in Sao Paolo, 
Brazil, has showed that Africanized bee workers were almost eight fold more 
efficient in getting rid of the mites on their bodies compared to pure Italian bee 
workers (Moretto et al., 1991a). According to Moretto (1997), artificially infested 
Africanized bees reacted to the presence of varroa from the very beginning 
of infestation. Strong body movements involving the abdomen, legs and 
mandibles were performed by the infested workers. The movements executed 
by infested workers permitted nearby workers to identify the varroa on their 
body. When fellow workers identified the presence of the mite on the body 
of another worker, they used their tongue and mandibles to attack it (strong 
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interaction between adult bees). Of the total number of infested workers in the 
studied colonies, 31% removed the parasite due to their own action and the 
action of fellow bees (Moretto, 1997). The active defense of the Africanized bees 
is recorded to be similar to that of the natural host A. cerana (Peng et al., 1987).
 The results of Guzman-Novoa et al. (1999) and Arechavaleta-Velasco 
& Guzman-Novoa (2001) in Mexico are in agreement with those reported 
from Brazil. They suggested that grooming behavior may be an important 
mechanism conferring tolerance of honey bee colonies toward varroa mites 
in Mexico. Nevertheless, Vandame et al. (2002) found that grooming capacities 
were slightly higher in AHB than EHB. Only a maximum of 11% of the observed 
mites were definitely removed by AHB, vs a maximum of 8% in EHB. Thus it 
seems very unlikely that in Mexico grooming behavior may explain the low 
compatibility between AHB and V. destructor.

5.2.2 Hygienic behavior 
 Hygienic behavior is related to bees opening up capped brood cells and 
removing the brood (Peng et al., 1987; Spivak, 1996; Boecking & Spivak, 1999). 
A specific response of bees to diseased and parasitized brood, is said to be 
the primary natural defense against diseases and pests (Peng et al., 1987). In 
honey bees, hygienic behavior is measured by determining the rate at which 
experimentally freeze-killed or perforation-damaged brood is removed. 
Honey bees are able to detect and remove varroa infested brood. Bees that 
demonstrated hygienic behavior by fast removal of freeze-killed pupae, 
also remove mites from infested cells (Boecking & Ritter, 1993; Spivak, 1996; 
Eischen, 1997; Spivak & Reuter, 1998). Hygienic bees most likely use olfactory 
cues to detect the abnormal brood (Ibrahim et al., 2003). Spivak (1996) reported 
that colonies selected for hygienic behavior had lower mite levels than non-
hygienic ones. 
 Harbo & Harris (2005) suggest that bees with a suppressed mite 
reproduction trait (SMR) (colonies that have a low frequency of reproductive 
mites in worker brood) removed reproductive mites more often than they 
removed non-reproductive mites. These authors indicated that SMR bees may 
locate infested cells by detecting something associated with the reproductive 
activities of mites, thereby leaving a high proportion of non-reproductive 
mites in the brood. Therefore mites affected by the SMR trait are characterized 
by an increase in the numbers of live mites that did not lay eggs and mites 
that died in the cell (entrapped by the cocoon) (Harris & Harbo, 2000; Harbo & 
Harris, 2005). 
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 Colonies, strains, races and species of bees are highly variable as regards 
their hygienic behavior (Boecking & Spivak, 1999). Workers of AHB colonies 
are more efficient at removing brood infested with varroa than are European 
bees, kept under the same conditions (Moretto et al., 1991; Spivak & Gilliam, 
1998). Vandame et al. (2000 & 2002) found in Mexico that EHB were able to 
remove only 8.0% of infested brood while AHB removed up to 32.5% showing 
a possible mechanism that could contribute to the tolerance of AHB toward V. 
destructor. Thus, selective removal behavior as a type of hygienic behavior can 
be effective in the control of varroa (Ibrahim et al., 2003).

5.2.3 V. destructor haplotypes 
 Another consideration is the suggestion that it is the type of mite present 
that influences the level of tolerance in a honeybee population. The analysis of 
genetic variation in V. destructor, examined by comparing mtDNA sequences of 
adult female mites, demonstrates that this species is a complex of six different 
haplotypes (Anderson & Trueman, 2000). The most common and important 
haplotypes are usually called Korean and Japanese. The Korean haplotype, 
which has also been referred to as the Russian genotype, was identified on A. 
mellifera in Europe, the Middle East, Africa, Asia and America. Less common is a 
Japanese/Thai haplotype. This was identified on A. mellifera in Japan, Thailand 
and South America. The Korean haplotype is considered to be more virulent 
than the Japanese haplotype (Anderson & Trueman, 2000). These genotypes 
may represent mite populations with different virulence, which could explain 
why some populations of honey bees survive and maintain low levels of varroa 
infestations (Arechavaleta-Velasco & Guzman-Novoa, 2001).
 The degree of bee tolerance in Mexico and Costa Rica seems to be 
lower to that of AHB in Brazil. It is noteworthy that the populations of mites 
estimated in Mexico and Costa Rica are far higher than those from Brazil. 
Arechavaleta-Velasco & Guzman-Novoa (2001) found that infestation levels 
in adult bees increased over six-month period in some colonies up to 45% 
(reaching up to around 9000 mites per colony). Furthermore, Mondragon et 
al. (2005) reported an increase in the amount of mites throughout the year 
on AHB in Mexico. A significant increase in varroa infestation levels was also 
observed in AHB colonies in Costa Rica. Infestation rates of up to 22% in adult 
bees, and a total of 8000 mites found in some colonies during a 170-day study 
period, indicate that mite populations found in AHB colonies in Costa Rica are 
higher than those reported for AHB in Brazil (Calderón & Van Veen, 2008).
 As the degree of Africanization is supposed to be the same in Costa 
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Rica, Mexico and Brazil, the mite haplotype has been considered as a cause for 
differences in mite fertility between Mexico and Brazil (Medina & Martin, 1999), 
and Costa Rica. In Costa Rica it was confirmed that the mites belonged to the 
Korean haplotype (De Guzman, pers. comm., 1999; Anderson & Trueman, 2000). 
Mites reported from Mexico and recently from Brazil have also been reported 
as belonging to the Korean haplotype (though the Japanese haplotype was 
formerly thought to have been more abundant in Brazil) (Anderson & Trueman, 
2000). Thus the fact that in Brazil the host-parasite situation is stable despite 
the presence of the Korean haplotype (Correa-Marquez et al., 2003) shows that 
tolerance is not entirely dependant on the varroa haplotype. However, further 
studies are needed in Brazil because mite infestation levels in colonies and 
temporal changes in mite fertility and haplotype are not fully congruent.

5.2.4 Duration of the capped cell stage 
 Reduction of the average length of the capped stage of worker brood is 
discussed as a potential tolerance factor (Moritz & Hänel, 1984; Woyke, 1989). 
It has been found to be positively correlated with the varroa infestation rate 
in the colonies (Camazine, 1986; Buchler & Drescher, 1990), as it limits the 
development time available for immature mites, potentially preventing them 
from being successfully mated and reaching adulthood (Martin, 1994). The 
time needed for the complete development of the first female mite offspring 
is approximately 230 hours (Ifantidis, 1983).
 The post-capping period of European bees has been recorded as 12 
days, generally sufficient for three female mites to reach adulthood (Martin, 
1994). In some African bee strains the duration of the sealed cell stage in 
worker brood is 11 days. Africanized bees are reported to have a post-capping 
period of 275 to 278 hrs (Rosenkranz, 1990). Some studies suggest that the 
shorter post capping stage of Africanized bees (about 20 hours less) is likely 
the cause of the low infestation levels of varroa (the more time a pupae is in 
the cell, the more time mites have to develop). The shorter development time 
exhibited by African races appears to result in a larger degree of infertility in 
adult mite females after invasion of worker brood (Camazine, 1986; Ritter & 
De Jong, 1984). According to Sammataro (1996), if the capped cell stage is 
reduced even by six hours, this may be enough time to reduce mite levels. 
 Buchler & Drescher (1990) determined a positive correlation between 
the length of the capped stage and the infestation level, indicating that, on 
average, a reduction of the length of the capped stage by one hour led to a 
8.7% reduction in the final mite infestation level in European bees. However, 
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although the sealed-cell stage in Africanized worker bees is significantly shorter 
than that of European workers, Rosenkranz (1990) found that the number of 
offspring per fertile female mite in EHB was only slightly different than that for 
varroa parasitizing AHB. 

5.2.5 Cell diameter 
 The differential infestation of drone larvae compared to worker larvae is 
striking; drones of A. mellifera are typically infested with 7-8 times more mites 
than are worker larvae (Fuchs, 1990; Issa & Goncalves, 1984).
 When invasion is compared between colonies with either exclusively 
worker cells or exclusively drone cells, varroa mites invade drone cells about 12 
times more frequently than a worker cell (Boot et al., 1993). Drone larvae reared 
in drone-sized cells are infested at a greater rate than drone larvae reared in 
worker size cells  (surface of drone cell is larger than surface of worker cell) (Issa 
et al., 1993). In a similar way, worker larvae reared in European size brood cells 
(larger diameter) are infested at a greater rate than are larvae from the same 
queen reared in Africanized size brood comb (Message & Goncalves, 1995). 
These authors found more than twice as many mites in Italian-sized compared 
to Africanized-sized brood cells. Africanized worker cells are approximately 4.7 
mm in diameter, compared with 5.1 mm for European bees. 
 In a comparative study, Piccirilo & De Jong (2003) also found that 
European-sized worker brood cells were always more infested than the 
Africanized worker brood cells in the same colony. The small width of worker 
cells produced by AHB may have a role in the ability of these bees to tolerate 
infestations by varroa mites. Tall worker brood cells, which protrude above the 
comb surface, are also significantly more infested than normal cells (De Jong 
& Morse, 1988; De Ruijter & Calis, 1988). This may be due to a shorter distance 
between the larvae and the cell rim at the time that the brood cell is sealed 
(Boot et al., 1995). Medina & Martin (1999) found an increased varroa offspring 
mortality in worker cells of Africanized bees, compared to European bees, and 
suggested this was because of the reduced cell size of Africanized bees. 

5.2.6 The effect of juvenile hormone 
 The very close relationship between varroa and the host bees has lead to 
the hypothesis that reproduction in the mite is affected by juvenile hormone 
(JH) levels found in the host (Hänel, 1986; Hänel & Koeniger, 1986). Maximum 
juvenile hormone levels in bee brood coincide with the initiation of egg laying 
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by the mite (De Jong, 1997). Rosenkranz et al. (1990), looked for hormonal 
differences in the haemolymph of three honey bee races: A.m. carnica, A.m. 
lamarckii and AHB. No differences were found in juvenile hormone titers 
between the three types of bees. These results do not support the hypothesis 
that a reduced reproduction of the mite in worker brood on AHB in Brazil 
is regulated by host-derived juvenile hormone (JH III) titer in worker larvae 
(Rosenkranz et al., 1990; Rosenkranz et al., 1993). 

5.2.7 Climate effect 
 Additional to the range of characteristics that may determine relative 
tolerance to varroa, it is apparent that varroa infestations are also influenced 
by environmental and seasonal conditions (Moretto et al., 1991b).
 Varroa mites need the presence of brood in the colonies to reproduce 
and therefore can not reproduce during broodless periods of the winter season 
in temperate climates. The length of the honey bee brood-rearing season, the 
absolute number of brood cells and the ratio of worker to drone brood all have 
important effects on the reproduction of the mite (Boot et al., 1995). These 
brood parameters vary in different geographic regions and under different 
weather conditions (Fries et al., 1994).
 In the warmer (southern) regions of Europe, where the brood-rearing 
season is extended, the mites increased to critical levels of infestation faster (in 
a few years) than in Northern Europe, where the active brood-rearing season 
is quite short. In the Rhine Valley of Germany, the brood season is longer and 
varroa reached damaging levels faster than in the cooler black forest region of 
the country (Ritter, 1988). 
 It could be expected that in tropical climates, where brood rearing and 
varroa reproduction take place all year round, the impact of the parasite would 
be even more important. This has not been the case in tropical areas of South 
America (De Jong, 1984). In Brazil the mite has been established for more than 
30 years and the population is maintained at a low level without treatment 
(De Jong et al., 1984; Moretto & Leonidas, 2001; Moretto & Leonidas, 2003). 
The climatic conditions of Brazil, together with various mechanisms present 
in AHBs, probably cause these bees to be tolerant to V. destructor (Camazine, 
1986; Moretto et al., 1993; De Jong & Soares, 1997). Nevertheless, there are 
reports of varroa killing Africanized colonies in Veracruz, Mexico (Eischen, 
1995). Possibly, there are interacting climatic factors that provide a continuum 
of more or less favorable conditions for varroa reproduction (Eischen, 1999).
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Temperature 
 The optimum temperature for varroa is lower than that for bees. 
Temperature in brood cells has a significant impact on the proportion of female 
offspring that reach adulthood within the brood cells and emerge together 
with the young bee (Le Conte et al., 1989). In warm climates bees can easily 
maintain the optimum temperature in the broodnest (34.5 ºC), which is above 
the optimum for varroa, but in cold climates part of the broodnest is often 
at a suboptimal temperature for bees, which benefits varroa (Le Conte et al., 
1989). This factor may also be responsible for the fact that varroa damage is so 
serious especially in cooler regions.

Humidity 
 Varroa females react very sensitively to high relative humidity (RH) 
conditions and almost never reproduce at levels above 80% RH (Kraus & 
Velthius, 1997). Some studies found reproduction of varroa mites to be higher 
at a humidity of 70% RH than at 40% RH (Le Conte et al., 1989). So, humidity 
may influence the growth of the mite populations. Tropical climates are often 
characterized by high humidity (in rainy season RH ranging from 75 to 90%). 
Low reproduction in certain tropical regions may be explained by this fact 
(Kraus & Velthuis, 1997).

5.3 Varroa mite reproduction rate as influenced by colony factors 
 A critical aspect concerning varroa parasitism is the extent to which 
existing differences in reproduction among host honey bee species and 
subspecies are due to characteristics of the host or the parasite. One factor 
that would constrain the growth of mite populations is the reproductive ability 
of the mites in a given colony (Harbo & Hoopingarner, 1997). The observation 
that large number of infertile mites were present in honey bee populations 
tolerant to varroa has led to mite infertility becoming perhaps the most widely 
explanation for varroa tolerance. In fact, reduced reproduction of varroa is 
regarded as the most important factor in tolerance of honey bees toward this 
parasite. Minor variations in the reproductive rate of the parasitic mite may 
have an impact on its population dynamics (Calis et al., 1999) because of the 
large number of generations per year (Milani et al., 2004).
 Reproductive rates could vary among bee colonies for several reasons as 
listed above. Mite reproductive rates would be reduced if adult workers detect 
infested brood cells and remove the pupae before the mites can reproduce 
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(Spivak, 1996) or remove mites from the bodies of nestmates and thus prevent 
the mites from entering cells and reproducing (Fries et al., 1996). Physiological 
characteristics of the honey bee larvae or pupae might also afford some 
resistance. For example, mite reproductive rates might be lowered if there 
was reduced feeding activity on the larvae or pupae by the foundress mites 
(Grandi-Hoffman et al., 2002). Larval movements (longitudinal displacement) 
leading to reduced mite feeding were observed in transparent cells containing 
infested worker brood in Africanized bees (Calderón et al., unpublished data). 
Indeed, traits expressed by bee larvae and pupae might be responsible for 
the lower fertility rates of mites in the brood of Brazilian honey bees, which 
show an increased tolerance to V. destructor (Ritter & De Jong, 1984). It has 
frequently been suggested that the mite infertility is particularly prominent 
in Africanized bees and that this is the reason for varroa tolerance in these 
bees (Camazine, 1986). Of all the traits examined, only non-reproduction of 
mites was highly correlated with changes in the mite populations (Harbo & 
Hoopingarner, 1997). 
 The best measure to quantify reproductive success in varroa mites is 
the number of fertile mites and the number of viable females (mated female 
mite offspring) produced in worker brood cells per foundress per reproductive 
cycle (Medina & Martin, 1999).

5.4.1 Fertility of female mites 
 A significant factor, which is strongly correlated with the population 
dynamics of varroa mites, is the number of fertile mites developing in worker 
brood cells (Fries et al., 1994; Correa-Marquez et al., 2003). It is quite evident 
that geographic and climatic differences as well as host specific effects play an 
important role in mite fertility (Camazine, 1986; De Jong et al., 1984; Moretto et 
al., 1991b). In EHB colonies V. destructor reproduces both in drone and in worker 
cells. Reproduction in worker cells appears essential for the high susceptibility 
of European bees to varroa mites. In AHB of Brazil, reduced fertility of the mite 
in worker brood is correlated with increased tolerance to varroa (Camazine, 
1986; Rozenkranz, 1999).
 During a normal infestation cycle, the female mite enters a brood cell, 
feeds on the haemolymph of the developing bee, and lay eggs that develop 
into nymphs and eventually new adult mites (De Jong, 1997). However, many 
mites go through these cycles, feed on the pupae, but do not reproduce. It is 
not well known which components of the diet of the mites are responsible for 
inducing oogenesis (triggering the activation of oocyte maturation of the mite) 
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(Garrido et al., 2000). Oocyte growth in reproductive varroa females depends on 
the consumption of haemolymph from freshly sealed larvae (Donze & Guerin, 
1994). The juvenile hormone hypothesis, which has been discussed, is now 
refuted by different studies. The quantity of haemolymph available at a certain 
time may regulate mite reproduction, especially the initiation of vitellogenesis 
(egg protein production). The considerable weight increase observed in the 
mites shortly after cell capping is an indication for this (Büchler, 1994).
 Varroa fertility can be defined on the basis of whether a female lays 
an egg or not (Rosenkranz, 1999). A significantly lower percentage of mites 
reproduce on Africanized worker brood than on brood of European bees, kept 
in the same regions of Brazil (Camazine, 1986; Moretto et al., 1995). Rosenkranz 
(1999) reported that 43% of the mites do not reproduce at all in Africanized 
colonies compared with only 19% in European colonies, at least in the tropics. 
However, recent studies on AHB colonies from Brazil indicated that mite 
fertility has increased and is currently at European levels. Garrido et al. (2003) 
revealed that mite fertility in singly infested worker brood cells increased to 
82%, whereas previous studies had demonstrated a 50% average mite fertility 
(Table 1). Furthermore, Correa-Marquez et al. (2003) reported a mite fertility of 
72% in Riberao Preto and Carneiro et al. (2007) indicated that the percentage 
of fertile mites in worker brood of AHB in Brazil increased from 56% in the 
1980´s to 86% in 2005-2006 (Table 1). 
 A link between the temporal dynamics of fertility and haplotype change 
is suggested. Recently the Korean haplotype was reported from Brazil, whereas 
formerly the Japanese haplotype was considered to have been more abundant 
(Garrido et al., 2003). Taking into account that in Costa Rica we found the Korean 
haplotype since varroa detection in 1997 (Anderson & Trueman, 2000), this 
suggests that AHBs in Costa Rica are less tolerant to V. destructor than AHB in 
Brazil, due to the higher mite fertility in worker brood cells. In Costa Rica, mite 
fertility for varroa infesting worker brood cells in AHB ranged between 69% 
and 76% (Calderón et al., 2003b; Calderón et al., 2007) (Table 1). In addition, we 
observed a mite population increase in experimental costarican AHB colonies 
through the year to significant levels (Calderón & Van Veen, 2008). 
 Independent studies carried out in different tropical regions of Mexico 
showed that AHB colonies were able to survive without the application of any 
mite control measures (Guzman-Novoa et al., 1996), while the mite population 
cycled between 1000-8000 mites (Mondragon et al., 2006). According to 
Medina & Martin (1999) the percentage of fertile mites in AHB in Mexico was 
about 88% (Table 1). In addition, Mondragon et al. (2005) reported that the 
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mean annual percentage of mites that reproduced in AHB in Mexico was 
85.5%, with a minimum level observed in June (Table 1). In AHB from Mexico, 
mite fertility does not seem to be the main reason for bee resistance because 
its fertility level (Medina et al., 2002) is similar to that reported for EHB from 
Europe (Martin et al., 1997). 

Table 1. Relative fertility of Varroa destructor mites in worker brood cells of 
Africanized honey bees reported from different countries. Each female mite 
laying at least one egg was considered fertile.

Country of study Fertility in worker 
brood (%) Reference

Uruguay 50.0 Ruttner, 1977

Brazil 49.0 Camazine, 1986

Brazil 50.0 Rosenkranz, 1999

Brazil 78.0 Correa-Marques et al., 2003

Brazil 82.0 Garrido et al., 2003

Brazil 86.0 Carneiro et al., 2007

Mexico 88.0 Medina & Martin, 1999

Mexico 82.0 Vandame et al., 1999 

Mexico 85.5 Mondragon et al., 2005

Costa Rica 69.8 Calderón et al., 2003b

Costa Rica 76.5 Calderón et al., 2007 

5.4.2 Viable offspring 
 Viable female offspring is the progeny that includes one live adult male 
mite and at least one live adult female mite (female mites that can reach the 
adult stage and have a mate available) (Medina & Martin, 1999). This is critical, 
since for a female mite to produce any offspring (even males) it must be mated 
(Harris & Harbo, 1999). This measure takes into account only the females that 
contribute to the population growth (Correa-Marques et al., 2003). So, although 
mature unmated females will become part of the overall mite population, 
they themselves are unable to contribute to subsequent population growth 
(Correa-Marques et al., 2003).
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 The percentage of mites with viable offspring reported from worker brood 
cells was similar in Africanized bees in Mexico and Brazil, and was slightly lower in 
Costa Rica (Table 2). This is unexpected when we consider that varroa population 
increase in Africanized colonies in Mexico and Costa Rica, and not so in Brazil.
 A direct consequence of offspring mortality in worker cells results in 
only 0.73 viable female offspring produced per mother mite, which rises to 
0.85 if both mated (viable) and non-mated females are considered from AHB 
in Mexico (Medina & Martin, 1999). For AHB in Costa Rica the number of viable 
females produced per reproductive female mite in worker cells was 0.30. If 
only the foundress producing viable offspring is considered this rises to 1.44 
(Calderón et al., 2007).
 The death of a male plays a central role in explaining a decrease in the 
production of viable daughters. When mites produce daughters but no living 
son, the daughters mites will remain unmated in single infested cells, because 
varroa mites mate just after their final molt inside the cell (Boot et al., 1997). The 
considerably higher rate of mortality suffered by the first (specifically the male 
protonymphs) and second (female) mite offspring found in AHB, is thought to 
contribute in part to the tolerance of the bees (Medina & Martin, 1999). 
 Mite fertility in worker brood cells of AHB in Costa Rica was about 70%. 
Nevertheless, the combined effects of different factors results in less than 
30% of the foundress mites producing viable female offspring (Calderón et 
al., 2003b). The absence of the male in a considerable number of worker cells 
naturally infested with varroa is the major factor in our study which reduces 
the production of viable daughters in AHB colonies in Costa Rica (Calderón et 
al., unpublished data). Harris & Harbo (2000) indicated that reduce numbers 
of progeny from mites may result from factors associated with immature 
bees. We observed in transparent cells containing infested worker brood in 
Africanized bees that larval movements (longitudinal displacement) reduced 
feeding activity on the larva by the foundress mites (Calderón et al., In press). 
Furthermore, in a considerable number of cases the first egg was disturbed and 
damaged when the prepupa molts into a pupa. The first egg is generally male 
and will not have any chance to reach the adult stage. We consider that the 
absence of male in an important number of worker cells could be explained by 
this effect. This may affect mite population growth in a negative way. However, 
since varroa completes between two and three reproductive cycles (Martin & 
Kemp, 1997), positive population growth is possible (infestation rates of up to 
22.0% in adult bees were observed  in AHB colonies in Costa Rica) although at 
a reduced rate in AHB compared to EHB.
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 Furthermore, we hypothesized that, due to the preference of mites to 
invade drone brood to reproduce, a high proportion of the mite reproduction 
should occur in drone cells. To test this hypothesis, we compared the 
reproductive rate of V. destructor in worker and drone cells of AHB colonies. 
We found that mite fertility was similar between worker and drone brood. 
However, total mite reproduction was greater in drone brood because more 
foundress mites produced viable female offspring (Calderón et al., 2007). The 
number of eggs and viable females produced per foundress mites was higher 
in drone brood compared to worker brood. Furthermore, a high percentage 
of the non-reproducing mites in worker brood produced offspring when they 
were transferred to drone brood. 

Table 2. Reproduction parameters display by V. destructor in worker brood 
cells of Africanized honey bees (AHB).

Africanized bees 
in Brazil (Correa-
Marques et al., 

2003)

Africanized bees 
in Mexico (Medina 

& Martin, 1999)

Africanized bees 
in Costa Rica 

(Calderón et al., 
2003b)

Viable offspring 40.0 40.0 28.0

Nonviable offspring 38.0 48.0 42.0

Non-reproductive 22.0 12.0 30.0

 So far, it is not well-known whether the severity of the effects caused by 
varroa depends on the genotype of the bees, on the genotype of the mite or 
on the interaction of both. The tolerance of AHB to varroa in Brazil is apparently 
attributable, at least in part, to resistance mechanisms. The low fertility of this 
parasite in Africanized worker brood has been considered an important factor 
for maintaining the host-parasite equilibrium. Grooming behavior and hygienic 
behavior are also referred as important mechanism used for the bees to keep 
low infestations in the colonies. Another consideration is the suggestion 
that it is the type of mite present that influences the level of tolerance in a 
honey bee population. The Korean haplotype is predominant in umbalanced 
host-parasite systems, as exist in Europe, while in stable systems, as in Brazil, 
the Japan haplotype formerly predominated (Anderson & Trueman, 2000). 
However, the patterns of varroa genetic variation have changed in Brazil. All 
recent mites corresponded to the Korean haplotype, independent of whether 
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the mites had reproduced or not.
 The fertile mites of V. destructor on AHB in Brazil significantly increased 
from 56% in the 1980s (De Jong, 1997; Rosenkranz, 1999) to 86% in recent 
years (Correa-Marques et al., 2003; Garrido et al., 2003; Carneiro et al., 2007). 
Nevertheless, despite the increased fertility, no increase in mite infestation 
rates in the colonies has been detected so far. Currently, the rate of infestation 
on adult bees in Africanized bees in Blumenau has remained low (Carneiro et 
al., 2007). Thus the fact that in Brazil the host-parasite situation is stable despite 
the presence of the Korean haplotype (Carneiro et al., 2007; Garrido et al., 2003) 
shows that tolerance is not completely dependant on the varroa haplotype. As 
the low fertility of mites in AHB worker brood has been discussed as one of 
the most significant factors contributing to varroa tolerance, the new status of 
mite fertility in Brazil demands for further attention. In addition, the number 
of viable females per mite that invade the worker brood in singly infested cells 
should be revised.
 We conclude that several of the factors related to why AHB in tropical 
regions are able to tolerate V. destructor infestations were found to involve 
the reproductive ability of the mites. However, a detailed study into the mites’ 
reproduction biology in AHB colonies has not yet been undertaken. Further 
studies are needed to analyze in more detail the reproduction ability and the 
actual population dynamics, especially in Brazil where low mite infestation 
levels in Africanized colonies without causing measurable damage and the 
recent increase in mite fertility and the presence of the Korean haplotype are 
not fully congruent.
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CHAPTER 3

The reproductive ability of Varroa destructor in worker 
brood of Africanized and hybrid honey bees in Costa Rica

Calderón, R.A.; Sommeijer M.J.; Ruijter A. De; Van Veen J.W.

Summary
 From February to July 2001, the reproductive ability of Varroa destructor 
in artificially infested worker brood cells of Africanized honey bees (AHB) (Apis 
mellifera) and hybrids (HF1) of AHB x European honey bees was investigated 
in Costa Rica. No significant differences were found between AHB and HF1 
in the percentage of fertile foundress mites (AHB = 69.8%, HF1 = 76.5%), the 
percentage of foundress mites that produced mature female offspring (AHB 
= 28%, HF1 = 25.4%), the mean number of offspring per foundress (AHB = 
3.4, HF1 = 3.5) and the percentage of foundress mites that produced only 
immature stages (AHB = 17.3%, HF1 = 18.2%). Nevertheless, the percentage of 
foundress mites that did not reproduce at all tended to be greater in AHB than 
in HF1 colonies (AHB = 30.2%, HF1 = 23.5%; P = 0.06). In both groups of bees, 
the number of fertile mites was higher than that reported in other studies 
for AHB in Brazil (49-55%). Furthermore, the percentage of non-reproducing 
mites was larger than the percentage reported for mites in European bees and 
lower than the percentage reported for mites in AHB in Brazil. Thus, the AHB 
population we monitored in this study may be less tolerant to varroa than AHB 
populations in Brazil. 

Keywords: Varroa destructor, reproductive ability, Africanized honey bees, 
African-European hybrids, foundress mites
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Introduction
 Varroa destructor is an ectoparasitic mite of serious economic importance 
for beekeeping nearly worldwide. Severe colony mortality is routine in 
parasitized European honey bee (EHB) (Apis mellifera) colonies in Europe, Asia 
and North America (Bailey & Ball, 1991). 
 Because varroa populations increase when brood is present, it would 
be expected that in tropical climates, where brood rearing takes place year-
round, the effect of varroa would be even more devastating. However, that has 
not been the case in tropical regions of South America, specifically in Brazil, 
where varroa is not considered a problem (De Jong et al., 1984). Some reports 
on Africanized honey bees (AHB) (A. mellifera) in Brazil suggest that these bees 
are tolerant or resistant to varroa and that colony losses are not a problem (De 
Jong, 1997). The mechanisms for this apparent resistance or tolerance are not 
well understood. Nevertheless, regional differences in season length, weather 
conditions (seasonal climatic differences are reported to have a strong effect 
on mite reproductive success), and bee and mite genotypes make it difficult to 
characterize the mite reproduction on AHB over a widespread area. 
 Varroa was first detected in Costa Rica on 26 September 1997 (Van Veen 
et al., 1998). It was confirmed to be the Russian haplotype (De Guzman, pers. 
comm., 1999); this form is also referred to as the Korean haplotype (Anderson & 
Trueman, 2000). In Costa Rica, some beekeepers have reported loss of colonies 
and reduced honey production as a consequence of V. destructor parasitism, 
but other beekeepers believe that varroa is not a problem and they have not 
applied a strict mite management programme. Therefore, the real impact of 
varroa on AHB in Costa Rica is not clear. The aim of the present study was to 
compare the reproductive ability of V. destructor in worker brood of AHB and 
hybrid (AHB x EHB) colonies in the tropical conditions of Costa Rica.

Materials and methods
 The study was carried out at the Centro de Investigaciones Apícolas 
Tropicales (CINAT) of the Universidad Nacional of Costa Rica, located in Heredia 
in the Central Valley (10°01’ N, 84°07’ W; 1130 m elevation). It was conducted 
from February to July 2003. The area has a tropical climate. February to April 
are dry months, and May to July are rainy months. During the dry period 
rain is only occasional, and the bee colonies are in full honey production. In 
May heavy rains start falling almost daily, the average relative humidity rises 
to >80%, and bee populations start decreasing because of scarcity of floral 
resources (Calderón, pers. observ.).
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 The reproductive ability of varroa was determined in 19 - to 20-day-old 
worker brood in four AHB colonies and four hybrid (HF1) colonies. Several 
variables were measured for foundress female mites: fertility (defined as the 
successful production of offspring), production of a mature female mite (i.e. 
a potentially reproductive offspring: viable female), fecundity (number of 
progeny), production of only immature offspring, and production of only 
female or only male offspring.
 The degree of Africanization of the colonies was analyzed using 
electrophoresis of the enzyme hexokinase (Hk) on polyacrilamide gels. The 
HkB allele was used to indicate degree of Africanization (Lama et al., 1988; 
Rubink, pers. comm., 2003). 
 All colonies were housed in Langstroth hives and fed alternatively with 
dry sugar and sugar syrup (50% sucrose in water) during the nectar dearth in 
May to July. Extra supers were added as needed to prevent overcrowding.
 Data were obtained from 318 brood cells in AHB colonies and 307 cells 
in HF1 colonies. Worker brood cells containing mature larvae were marked 
on a sheet of transparent plastic (identified with comb and colony number, 
date and time) temporarily laid over each comb. Mature female mites were 
collected from capped worker brood (IV stage of sealed brood) of one AHB 
colony to infest all cells. To collect these mites, brood was removed from cells 
with forceps and adult mites were transferred to plastic petri dishes containing 
pupae using a fine paint brush. After four hours, one mite was introduced into 
a recently capped cell by opening the cell carefully; a small cut in one border 
of the sealed cell was made using a scalpel blade. The mite was transferred 
using a paintbrush, and the cell capping was closed. Each infested cell was 
numbered. The frames containing the infested cells were re-introduced into 
the experimental colony. After 10 days (240 h after capping, when brood was 
19 to 20 days old) the cells were opened to examine the contents. Bee larvae 
and mites were taken out, and mites (mature and immature stages) were 
identified and counted using a stereoscope microscope (10x magnification). 
The bottom of the cell was also examined. In addition, the exuviae of the bee 
larvae were removed and checked for mites. The numbers of mature female 
offspring, protonymphs and deutonymphs were recorded. Ten days after 
capping, the mature female offspring mites were distinguished from their 
foundress mothers by their lighter pigmentation. 

Statistical analysis
 Statistical significance between the groups was determined by Mann-
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Whitney and chi-square tests. A correlation test was used to determine the 
relationships of the degree of Africanization of the colonies with the percentage 
of non-reproducing mites and with the average number of mite eggs. 
Differences between AHB and HF1 foundress mites for various reproductive 
factors (production of mature female offspring, mean number of eggs and 
the percentage of non reproduction) were analyzed using the chi-square test. 
Data are given as mean ± standard deviation.

Results
Varroa fertility 
 There was a strong trend (P = 0.06) for lower reproduction when varroa 
were in AHB cells compared with when they were in HF1 cells (Table 1). There 
was no correlation between the degree of Africanization of the individual 
colonies and the percentage of varroa foundresses that did not reproduce 
at all (R = 0.042, P = 0.50). Figure 1 shows the percentage of foundress mites 
that were non-fertile (did not reproduce) in worker brood cells in individual 
colonies that were of varying degrees of Africanization (data for each colony 
were collected during the dry and rainy seasons). 

Figure 1. Percentage of varroa mites that were non-fertile (had no reproduction) 
in worker brood cells in individual colonies that were of varying degrees of 
Africanization.  Data for each colony were collected during the dry and rainy 
seasons.
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 The average fecundity of all foundresses was similar for the two bee 
types (2.3 ± 1.2, n = 318 and 2.6 ± 1.3, n = 307 descendants per foundress in 
AHB and HF1, respectively; Mann-Whitney, P = 0.40). The fecundity of fertile 
mites was 3.4 ± 1.3, n = 457 offspring per mite for both bee types. AHB and 
HF1 showed similar percentages (P = 0.47) of foundress mites that produced 
mature female offspring (Table 1). An interesting finding was the high rate of 
mortality of both male and female offspring in both groups. The male or the 
female was dead in 26.9% of AHB cells and 28.2% of HF1 cells. 
 A maximum of six offspring in both AHB and HF1 was found. There was 
no difference between the mean number of eggs laid by the mites in AHB (3.4 
± 1.3, n = 222) and HF1 (3.5 ± 1.3, n = 235) cells.
 No significant correlation was found between the average fecundity 
of fertile mites and the degree of Africanization of the colonies (R = 0.32, P = 
0.20). 

Varroa that produced only immature offspring or one adult sex 
 There was no difference between AHB and HF1 colonies in the percentage 
of cells in which mites produced only immature offspring and only female 
offspring (Table 1). A greater proportion of mites in HF1 colonies produced 
only one male offspring that was identifiable when the cells were sampled 10 
days after capping (Table 1). Eggs, larvae and protonymphs were not sexed 
and could have been female or male. 

Table 1. Percentages of various aspects of reproduction displayed by V. 
destructor foundress mites introduced into worker brood of Africanized 
(AHB) and hybrid (European x Africanized, HF1) honey bees in Costa Rica.

Characteristic AHB HF1 Statistical test

Non-reproductive 30.2 23.5 X2 = 3.66, df = 1, P = 0.06

Fertile 69.8 76.5 X2 = 3.66, df = 1, P = 0.06

Mature female offspring 28.0 25.4 X2 = 0.53, df = 1, P = 0.47

Immature offspring only 17.3 18.2 X2 = 0.09, df = 1, P = 0.75

Males only 16.4 25.1 X2 = 6.80, df = 1, P = 0.01

Females only 8.2 7.8 X2 = 0.03, df = 1, P = 0.86
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Discussion
 Mite fertility of varroa infesting AHB and hybrid bees was similar 
when brood cells were inspected 10 days after capping. These results do 
not support the findings of Guzman-Novoa et al. (1996, 1999), who found 
significant reproductive differences between mites infesting Africanized 
and hybrid (European x Africanized) colonies in Mexico. They reported that 
mites reproduced on more than 69% of the hybrid bee brood, but on less 
than 52% of the AHB brood. In Brazil, 75% of European brood cells were 
infested with immature mites, whereas 49% of Africanized brood cells were 
infested (Camazine, 1986). Moretto et al. (1997) reported that 56% of varroa 
foundresses were fertile in AHB in Brazil. In our study, both types of bees had 
greater percentages of fertile varroa than have been reported for AHB in Brazil. 
Despite this high fertility of varroa foundresses, the percentage of mites that 
produced mature female offspring was low for both types of bees. Medina and 
Martin (1999) found in Mexico that the percentage of foundress mites that 
produced mature female offspring was about 40% in AHB versus 75% in EHB 
worker cells. In addition, they reported an important rate of mortality suffered 
by the first (males, 42%) and second (females, 30%) mite offspring in AHB 
worker cells.  We also found considerable mortality of mites in both types of 
bees.
 Of the female mites that did reproduce, no differences were found in 
the mean number of progeny produced by both groups. Rosenkranz (1999) 
reported values between 3.3 to 4.0 eggs per female mite in AHB cells, similar 
to what we observed.
 Wide variation in the rate of non-reproduction of varroa has been found. 
Rosenkranz (1999) reported that in Brazil 43% of mites were non-reproductive 
in AHB compared with only 19% in EHB. The level of non-reproducing mites 
in our study is different from the lower levels reported in EHB and the higher 
levels reported in AHB in Brazil. The physiological reasons underlying a lack of 
reproduction by V. destructor in worker brood cells are not well known. In this 
study, most of the foundress mites that did not reproduce looked alive and 
healthy (i.e. they exhibited locomotion and appendage motion). 
 A significant percentage of foundress mites produced only immature 
offspring in both AHB and HF1 colonies. This factor affects the production of 
mature female mites (fertile daughters) because immature stages remain in 
the cell when a bee emerges, and these immature mites die or are removed 
and killed by nurse bees (De Jong, 1997).
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 Donze et al. (1996) found 23.5% of the infested worker bee cells without 
male varroa in EHB. As a consequence, female offspring remain unmated in 
singly infested cells (Donze et al., 1996). According to de Ruijter and Papas 
(1983), most of the mites that produced only male offspring probably had 
not mated, since haploid eggs of varroa develop into males. In our study, the 
number of foundress mites that produce only an adult male offspring played 
an important role in reducing the percentage of mature female mites in both 
types of bees.
 Seasonal differences in climate has been reported to have a strong effect 
on the reproductive success of V. destructor (De Jong et al., 1984). Although we 
found few differences in the mite reproductive ability between AHB and HF1 
colonies in the dry and rainy months, further studies are needed, especially 
during the rainiest months (September-October), when the average relative 
humidity is greater than 95%.
 In conclusion, mite fertility in worker brood cells was similar between 
AHB and HF1 colonies. Factors that limited varroa population growth included 
non-fertile female mites, foundresses that produced only immature stages, 
foundresses that produced only one adult sex, and mortality of emerging 
mites. The combined effects of these factors results in less than 30% of the 
foundress mites producing viable female offspring during one reproductive 
cycle in both AHB and HF1 colonies. 
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CHAPTER 4

The reproductive rate of Varroa destructor in drone brood 
of Africanized honey bees 

Calderón, R.A.; Zamora L.G.; Van Veen J.W.

Summary
 The reproductive rate of Varroa destructor was measured in drone brood 
of Africanized honey bees (AHB) in Costa Rica. One mature female mite was 
introduced into a drone cell within 6 h of the cell being capped. Data were 
obtained from 304 artificially singly infested drone cells from six colonies. 
Fertility of varroa mites (i.e., those that produced any offspring) was 95.1%.  
Fifty-three percent of the foundress mites produced viable female offspring. 
The number of potentially mated female offspring produced per foundress 
was 2.6 ± 1.0. Eight percent of foundresses produced only immature offspring, 
26.5% produced only a female offspring and 7.6% produced only a male 
offspring. In cells with both female and male offspring, the male or the female 
was found dead in 8.7% of the cases; male mortality was 6.1%. Although varroa 
fertility in drone brood was significant in AHB colonies, a factor that limited 
mite reproduction was the absence of a male in more than 26.0% of the drone 
cells.  

Keywords: Varroa destructor, reproductive rate, Africanized honey bees, drone 
brood, Costa Rica
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Introduction
 The ectoparasitic mite Varroa destructor is the most serious pests for 
beekeeping worldwide. Reproduction by mites occurs only inside sealed 
cells of honey bee brood. Female “foundress” mites initiate reproduction by 
entering the brood cells of last-stage worker or drone larvae, 20 or 40 hours, 
respectively, before the cell is sealed (Bailey & Ball, 1991). Drone brood is more 
frequently infested by mites. In European honey bees (EHB), varroa mites 
invade drone cells up to 11.6 times more frequently than they invade worker 
cells (Boot et al., 1995) and have a reproductive rate of 2.2 new female mites 
per foundress (Fuchs & Langenbach, 1989). The rate of mite reproduction is a 
critical factor determining the virulence or the tolerance that honey bees have 
toward varroa. The reproductive ability of the varroa varies among the honey 
bee types (Martin & Kemp, 1997). European bees are highly susceptible to the 
mite and colonies do not survive without acaricidal treatment. In contrast, 
varroa has been prevalent in Africanized honey bee (AHB) colonies in Brazil 
for more than 20 years, without acaricide treatment (De Jong, 1997; Moretto, 
1997). 
 The ability of AHB in tropical Brazil to tolerate V. destructor, unlike EHB, 
has been attributed to factors such as reduced mite fertility, smaller brood 
cells, a shorter pupal development period, and greater hygienic and grooming 
behavior. The percentage of fertile mites varies considerably in different 
types of bees and probably is one of the most important factors involved in 
differential tolerance (Ritter & De Jong, 1984). Rosenkranz and Engels (1994) 
reported that in European worker brood, 80% of the infested cells contained 
immature mites, whereas in Brazil infested Africanized brood contained about 
50% (Rosenkranz, 1999).
 Varroa was first detected in Costa Rica on September 1997 (Van 
Veen et al., 1998). The mites are of the Korean haplotype (De Guzman, pers. 
comm., 1999; Anderson & Trueman, 2000), which is considered to be more 
virulent than the Japanese haplotype found predominantly in South America 
(Anderson & Trueman, 2000). Beekeepers have reported colony losses, reduced 
honey production and a decrease in pollination efficiency as a consequence 
of V. destructor parasitism. Most beekeepers apply the acaricides Apistan® 
(fluvalinate) and Bayvarol® (flumethrin) annually for the treatment of infested 
colonies. 
 A low mite reproductive ability was found in worker brood of AHB 
colonies in Costa Rica. Less than 30% of the foundress mites produced viable 
female offspring during one reproductive cycle (Calderón et al., 2003). We 
hypothesized that, due to the preference of mites to invade drone brood to 
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reproduce, a high proportion of the mite reproduction should occur in drone 
cells. The aim of the present study was to investigate the reproductive rate of 
V. destructor in drone brood cells of AHB colonies under the tropical conditions 
of Costa Rica.

Materials and methods
 The study was carried out at the Universidad Nacional, Heredia, Costa 
Rica (10°01’ N, 84°07’ W; 1130 m altitude). It was conducted from March to July 
2004. The area has a tropical climate. During the dry season, rain occurs only 
occasionally and the bee colonies are in full honey production. In May, heavy 
rains start falling almost daily and bee populations decrease because of the 
scarcity of floral resources.
 The reproductive rate of varroa was determined in 20-day-old drone 
brood from six AHB colonies (all honey bee colonies in Costa Rica have become 
Africanized) (Spivak, 1991). These colonies had a low mite level (less than 1.0%) 
to avoid over-infestation of the drone cells. Several variables were measured 
for foundress female mites: fertility (production of any offspring), fecundity 
(number of progeny), production of viable female offspring (potentially 
reproductive offspring), production of only immature offspring, production 
of only female or only male offspring, and no reproduction at all (Boot et al., 
1995).
 Data were obtained from 304 artificially infested drone brood cells. 
Drone cells containing mature larvae likely to be capped within few hours were 
marked on a sheet of transparent plastic. After six hours, one mature female 
mite, collected from stage IV of sealed worker brood (i.e., pupae with purple 
eyes), was introduced into a recently capped drone cell (0-6 h after capping) 
through a small cut in one border of the sealed cell made with a scalpel blade. 
The mite was transferred using a soft paintbrush, and the cell capping was 
carefully closed (Ruijter, 1987; Martin et al., 1997). 
 The combs containing the artificially infested cells were re-introduced 
into the experimental colony. After 10 days (240 h after capping, when brood 
was 20 days old) the cells were opened to examine the contents. Mature and 
immature (deutonymphs, protonymphs and eggs) mites were counted using 
a stereoscope microscope (10x magnification). Ten days after capping, the 
mature female offspring mites were distinguished from their foundress mothers 
by their lighter pigmentation. Because natural infestation of drone brood was 
possible (a drone cell could be invaded by more than one foundress), only 
those cells infested by a single foundress mite were taken into account.
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 To calculate the total number of viable female offspring in a cell (i.e., 
potentially mated daughters), the deutonymphs (mobile and immobile) were 
also considered because under natural conditions the drone cell remains 
capped 96 hours more, which is enough time for both stages to reach adulthood 
(Ifantidis, 1983). Cells with eggs, larvae or protonymphs were considered to 
have foundresses that produced only immature offspring.

Results
Varroa fertility 
 Mite fertility in drone brood cells in AHB in Costa Rica was 95.1% (n = 
304); only 4.9% of varroa foundresses produced no offspring (Table 2). The 
average fecundity of all foundresses was 3.9 ± 1.6 descendants per foundress 
(Table 1). 
 The percentage of foundress mites that produced viable female 
offspring was 53% (Table 2). Nearly half of the newly reared female mites were 
unfertilized. Of the cells with potentially mated females, the average of female 
mites offspring (viable females) produced per foundress was 2.6 ± 1.0 during 
one reproductive cycle. The number of viable females produced per foundress 
considering the cells with reproductive female mites and all adult females 
were 1.5 ± 1.5 and 1.4 ± 1.5, respectively.

Table 1. Varroa reproductive parameters in drone brood of Africanized 
honey bees (AHB) in Costa Rica (data are given as mean values).

Characteristic Value (mean ± S.D.)

Number of progeny produced per all adult females 3.9 ± 1.6 (n = 304)

Number of eggs produced per reproductive female 4.1 ± 1.4 (n = 289)

Number of viable females produced per foundress 
producing viable offspring 2.6 ± 1.0 (n = 161)

Number of viable females produced per 
reproductive female mite 1.5 ± 1.5 (n = 289)

Number of viable females produced per mite taken 
into account all adult females 1.4 ± 1.5 (n = 304)

 The foundress mite was found dead in 10.1% of the drone brood cells. In 
cells with both female and male offspring, the male or the female was dead in 
8.7% of the cases, with male mortality being 6.1%.
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 A maximum of seven offspring was found in drone brood cells, with four 
and five offspring being most frequent (Figure 1).

Figure 1. Number of eggs produced by varroa mites in drone brood on AHB 
colonies (n = 1181).

Varroa mites that produced only immature offspring or one adult sex 
 Eight percent of foundresses produced only immature offspring (i.e., 
cells had only eggs, larvae or protonymphs). A greater proportion of mites 
produced only a female offspring that was recognized when the cells were 
sampled 10 days after capping (Table 2). Eggs-larvae and protonymphs were 
not sexed and could have been female or male. The proportion of mites that 
produced only an adult male offspring is presented in Table 2.

Table 2. Reproduction parameters displayed by V. destructor foundress mites 
introduced into drone brood of Africanized honey bees (AHB) in Costa Rica.

Characteristic Percentage

Fertile 95.1

Non-reproductive 4.9

Viable female offspring 53.0

Immature offspring only 8.0

Males only 7.6

Females only 26.5
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Discussion
 We used artificial infestation of capped drone brood cells to evaluate 
the reproductive rate of varroa mites in AHB colonies. According to De Ruijter 
(1987), this method allows one to accurately record the time of cell capping 
and to compare the reproduction of individual mites at a specific stage (240 
hrs after the cells were capped). Furthermore, it takes into consideration 
mite offspring mortality, which greatly affects the number of viable female 
offspring produced (Medina & Martin, 1999). Because multiply infested cells 
could contain fertile and infertile foundresses simultaneously, only data from 
cells invaded by a single mite were analyzed. 
 The mite fertility of 95.1% we found in drone brood was similar to what 
other researchers have reported. Ghamdi & Hoopingarner (2003) reported that 
93.0% of the mites reproduce in drone brood cells in Michigan, USA. Fuchs & 
Langenbach (1989) recorded 92.2% of mite fertility in drone brood of European 
bees in Germany. Garrido et al. (2003) found that mite fertility in singly infested 
drone brood cells increased to 77.0% in AHB colonies from Brazil, whereas 
previous studies had demonstrated a 50.0% average mite fertility. This low 
fertility of female mites reported on AHB in Brazil was considered to be the 
most important factor related to bee tolerance. A link between the temporal 
dynamics of fertility and haplotype change has been suggested (Garrido et 
al., 2003). Taking into account that we found only the Korean haplotype since 
1997 (Anderson & Trueman, 2000), this pattern suggests that AHBs in Costa 
Rica are less tolerant to V. destructor than AHB in Brazil, perhaps due to the 
higher mite fertility in drone brood cells. 
 Fifty-three percent of foundress mites produced viable female offspring 
(i.e., females that can reach the adult stage and have a mate available). This is 
critical because for a female mite to produce viable offspring, it must be mated 
(Harris & Harbo, 1999); thus, this portion of mites directly contributes to the 
real growth rate of varroa population. 
 For this study, it is assumed that mating had taken place in these cells 
(mating occurs just after maturation of the female offspring), although this 
may overestimate the real number of fertile females as all males may not be 
fertile or mate successfully. Although mature unmated females will become 
part of the overall mite population, they presumably will never be mated and 
thus are unable to contribute to its subsequent growth.
 The average fecundity of foundresses mites found in this study was 
3.9. This is fairly consistent with other studies. Ghamdi & Hoopingarner 
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(2003) reported 2.8 offspring in drone cells of European bees under Michigan 
conditions.
 A maximum of seven offspring was found in drone brood cells. According 
to Ifantidis (1984), varroa females are biologically capable of laying up to seven 
eggs in drone cells. 
 Thirty-four percent of varroa foundresses produced only female or only 
male offspring. In these cases the foundress probably had not mated (haploid 
eggs of varroa develop into males; Ruijter & Pappas, 1983). Martin (1995) 
attributed this partly to the death of the male before it is able to fertilize his 
sisters. He found that 10% of the males died before they mated in drone cells. 
In this study, in cells with both female and male offspring, the male or the 
female was found dead in 8.7% of the cases, with male mortality being more 
frequent (6.1%).
 About 8.0% of foundress mites produced only immature offspring in 
AHB colonies. This aspect affects the production of viable female mites, since 
immature stages remain in the cells when a bee emerges and are removed and 
killed by nurse bees (De Jong, 1997). 
 In conclusion, these data show that mite fertility in drone brood cells 
was significant with 53% of the fertile mites producing potentially mated 
daughters. The major factors that limited varroa reproductive ability in drone 
brood of AHB colonies were the absence (26.5%) or mortality (6.1%) of a male 
mite.
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CHAPTER 5

A comparison of the reproductive ability of Varroa 
destructor (Mesostigmata: Varroidae) in worker and drone 

brood of Africanized honey bees (Apis mellifera)

Calderón, R.A.; Zamora L.G.; Van Veen J.W.; Quesada M.V.

Abstract
 Colony infestation by the parasitic mite, Varroa destructor is one of the 
most serious problems for beekeeping worldwide. In order to reproduce varroa 
females enter worker or drone brood shortly before the cell is sealed. To test 
the hypothesis that, due to the preference of mites to invade drone brood to 
reproduce, a high proportion of the mite reproduction should occur in drone 
cells, a comparative study of mite reproductive rate in worker and drone brood 
of Africanized honey bees (AHB) was done for 370 mites. After determining 
the number, developmental stage and sex of the offspring in worker cells, the 
foundress female mite was immediately transferred into an uninfested drone 
cell. Mite fertility in single infested worker and drone brood cells was 76.5% and 
79.3%, respectively. There was no difference between the groups (X2 = 0.78, P 
= 0.37). However, one of the most significant differences in mite reproduction 
was the higher percentage of mites producing viable offspring (cells that 
contain one live adult male and at least one adult female mite) in drone cells 
(38.1%) compared to worker cells (13.8%) (X2 = 55.4, P<0.01). Furthermore, a 
high level of immature offspring occurred in worker cells and not in drone cells 
(X2 = 69, P<0.01). Although no differences were found in the percentage of 
non-reproducing mites, more than 74.0% (n = 85) of the mites that did not 
reproduce in worker brood produced offspring when they were transferred to 
drone brood.

Keywords: Varroa destructor, reproductive ability, comparison, Africanized 
honey bees, worker brood, drone brood



66

Introduction
 Colony infestation by the parasitic mite, Varroa destructor Anderson & 
Trueman (2000) is one of the most serious problems for beekeeping worldwide 
(De Jong, 1997; Garrido et al., 2003; Koeniger et al., 1981; Martin et al., 1997). In 
order to reproduce varroa females enter worker or drone brood shortly before 
the larva is sealed with a wax capping (Camazine, 1986). The reproduction of 
varroa mites is a significant factor determining its virulence and has a major 
impact on the persistence of both host and parasite. 
 The reproductive ability of V. destructor varies among the honey bee races 
and bee brood (worker or drone brood) (Camazine, 1986; Martin & Cook, 1996; 
Martin et al., 1997). Drone brood is preferred by mites and more frequently 
infested (Santillan-Galicia et al., 2002). In European honey bees (EHB), varroa 
mites invade drone cells up to 11.6 times more frequently than they invade the 
worker brood cells (Boot et al., 1995) and were found to have a reproductive 
rate of 2.2 new female mites in drone brood (De Jong, 1988). In worker brood 
1.4 new daughter mites are produced (De Jong, 1988) and higher rates of non-
reproduction were found than in drone brood (Boot et al., 1995). 
 A critical factor related to varroa infestation level in colonies is mite 
fertility (De Jong, 1997). The high percentage of infertile mites observed in 
worker brood has been proposed to be related with the tolerance of Africanized 
honey bee colonies (AHB) to varroa mites in Brazil, where colony losses are not 
recorded (Aumeier et al., 2000).
 Another factor that influences varroa reproductive capacity is related to 
the mites that fail to produce viable female offspring despite entering a suitable 
host cell. This can be classified into non-fertile female mites, foundresses that 
produced only immature stages or only one adult sex, and the absence or 
premature mortality of the male offspring before it is able to mate with its 
sisters (Martin et al., 1997).
 Varroa was first detected in Costa Rica on September 1997 (Van Veen et 
al., 1998). It was confirmed that the mites belonged to the Korean haplotype (De 
Guzman, pers. comm., 1999; Anderson & Trueman, 2000), which is considered 
to be more virulent than the Japan/Thailand haplotype found predominantly 
in South America (Anderson & Trueman, 2000). 
 The comparison of mite reproduction in worker and drone brood 
requires artificial infestation of single brood cells with female mites. So far, 
no experiments under such well-defined comparative conditions have been 
carried out with Africanized bees. In previous studies, we found a low mite 
reproductive ability in worker brood of AHB colonies, in which less than 30% 
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of the fertile foundress mites produced viable female offspring (Calderón et al., 
2003). Meanwhile in drone brood more than 50% of the fertile mites produced 
viable female offspring. We found that varroa reproductive ability in drone 
brood of AHB colonies was limited by the absence of males or by male mortality 
in a considerable percentage of cells (Calderón et al., unpublished data). To test 
the hypothesis that, due to the preference of mites to invade drone brood to 
reproduce, a high proportion of the mite reproduction is expected to occur in 
drone cells, we compare the mean reproductive rate of V. destructor in worker 
and drone cells of AHB colonies under the tropical conditions of Costa Rica.

Materials and methods
 Varroa reproduction was studied in AHB colonies at CINAT of the 
Universidad Nacional in Heredia, Costa Rica. The experiments were carried out 
from January to August 2005 using ten colonies, in which both worker and 
drone brood were reared. 

Mite reproduction in worker brood cells 
 In order to measure mite reproduction in worker brood, open cells 
likely to be capped within a few hours were marked on a transparent sheet 
temporarily placed over the frames. The brood combs were put back into 
the colony and the cells were checked after 4 hrs. Mature female mites were 
collected from capped worker brood (IV stage of sealed brood = pupae with 
brown eyes). To collect these mites, brood was removed from cells with forceps 
and adult mites were transferred to plastic petri dishes containing pupae 
using a fine paint brush. Those cells that had been capped in the meantime 
were artificially infested with a single mite. Mites were introduced into worker 
cells by opening the host cell carefully with a scalpel introducing the mite and 
resealing the host cell. The positions of the test cells and times of cell sealing 
were recorded on transparent sheets. This method is widely used, even though 
the manipulation of the brood cells may elicit higher removal rates compared 
to naturally invaded brood cells (Aumeier et al., 2000; Ruijter, 1987). The combs 
were re-introduced into the experimental colonies for a further 10 days before 
being re-examined. To compare reproduction of individual mites only data 
from cells invaded by one mite were analyzed, because otherwise offspring of 
different mother mites cannot be distinguished. At the moment the cells were 
opened, only a few offspring had developed into adult females, and these 
mites could be distinguished from their mothers by their light pigmentation.
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Mite reproduction in drone brood cells 
 The reproduction of the same mother mite in worker cell was compared 
with what they produced in their subsequent reproductive cycle in drone brood. 
After determining the number, developmental stage and sex of the offspring 
in worker cells, the foundress female mite was immediately transferred into an 
uninfested drone cell by carefully making and then resealing a small hole in 
the side of the cell cap through which the mite was introduced (Martin et al., 
1997). We assured to have drone cells prepared for mite transfer from worker 
brood into the new drone brood cell (an approximate synchronization for both 
worker and drone cell capping times was necessary). Only drone cells, which 
had been sealed within 6 h, were used. 
 The position of the experimental cells was recorded by placing 
transparent sheets over the brood area and by marking the cells. The combs 
were returned into the colony for 10 days before being examined.
 Mite reproduction in worker and drone brood was analyzed approximately 
240 h after cell sealing. The cells were opened and the number of offspring 
was determined using a stereo microscope. Offspring were classified as egg-
larva, protonymph (mobile and immobile stages), deutonymphs (mobile and 
immobile stages), male and female adults. Examining honey bee worker and 
drone brood 10 days after capping (240 h) is accurate since it takes into account 
mite offspring mortality, which greatly affects the number of viable female 
offspring produced. Furthermore, the mature female offspring mites can be 
distinguished from their foundress mothers by their lighter pigmentation.
 Several reproduction parameters were measured for foundress female 
mites in both worker and drone cells: fertility (successful production of 
offspring), production of viable female offspring (cells that contain one live 
adult male and at least one adult female mite: females that can reach the adult 
stage and have a mate available), fecundity (number of progeny), production 
of only immature offspring, production of only female or only male offspring 
(one adult sex) and no reproduction at all (mites producing no offspring) (Boot 
et al., 1995).
 To estimate the total viable female offspring in drone brood cells, the 
deutonymphs (mobile and immobile) were also considered, since under 
natural conditions the drone cell remains capped 96 hours more, which is 
enough time for both stages to reach adulthood (Ifantidis, 1983). Cells with 
only egg-larvae or protonymphs were considered to be immature offspring 
producing mites.
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Statistical analysis 
 Differences of the mite reproductive parameters in worker and drone 
brood of AHB were analyzed using the chi-square test. Data are given as 
percentage values and mean ± standard deviation.

Results
 A comparison of the reproductive ability of V. destructor in worker and 
drone brood of AHB was done for 370 mites.
 Mite fertility in single infested worker and drone brood cells was 76.5% 
and 79.3%, respectively (Table 2). No significant differences were found 
between the groups (CHI-Test: X2 = 0.78, P = 0.37, n = 370).
 There was a clear difference in the percentage of mother mites producing 
viable female offspring in worker and drone brood (CHI-Test: X2 = 55.4, P<0.01, 
n = 370), being drone brood more suitable for mite reproduction (Table 2). A 
total of 68 and 287 viable females offspring were produced from 370 worker 
and drone cells, respectively (Table 1). More than 23% of the foundress mites 
that produced immature offspring or only an adult female or male offspring 
(one adult sex) in worker brood produced viable females when they were 
transferred to drone brood.
 The average fecundity of reproducing mites was 2.9 ± 1.4 (n = 290) and 
3.8 ± 1.6 (n = 293) descendants per foundress in worker and drone brood, 
respectively (Table 1).
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Table 1. Reproductive rate of V. destructor in worker and drone brood (240 
hours post capping) of Africanized honey bees (AHB) (data are given as 
mean values ± S.D.).

Characteristic Worker Drone

Number of progeny produced per 
all adult females 2.3 ± 1.7 (n = 370) 3.0 ± 2.1 (n = 370)

Number of eggs produced per 
reproductive female 2.9 ± 1.4 (n = 290) 3.8 ± 1.6 (n = 293)

Number of viable females 
produced per foundress producing 
viable offspring

1.4 ± 0.5 (n = 49) 2.1 ± 1.0 (n = 140)

Number of viable females 
produced per reproductive female 
mite

0.3 ± 0.6 (n = 290) 1.0 ± 1.2 (n = 293)

Number of viable females 
produced per mite taken into 
account all adult females

0.2 ± 0.5 (n = 370) 0.8 ± 1.1 (n = 370)

 A significant difference was found in the percentage of mothers 
producing immature offspring in worker and drone brood (CHI-Test: X2 = 69, 
P<0.01, n = 370) (Table 2). A greater proportion of mites produced only a 
female offspring in drone brood cells (Table 2). Meanwhile, the presence of 
only a male in the cells was not different between the groups (CHI-Test: X2 

= 0.74, P = 0.40) (Table 2). A maximum of six offspring was found in worker 
brood. Most frequently the number of eggs laid was two and three. In drone 
brood, a maximum of seven offspring was found being more frequently three 
and four eggs.
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Table 2. Comparison of reproductive parameters of varroa foundress mites 
in worker and drone brood of Africanized honey bees (AHB).

Parameter Worker (%)
(n = 370)

Drone (%)
(n = 370) Statistical test

Non-reproductive 23.5 20.7 X2 = 0.78, P = 0.37

Fertile 76.5 79.3 X2 = 0.78, P = 0.37

Viable female offspring 13.8 38.1 X2 = 55.4, P< 0.01

Immature offspring 40.6 13.2 X2 = 69.0, P< 0.01

Males only 14.9 12.8 X2 = 0.74, P = 0.40

Females only 7.2 15.2 X2 = 12.3, P< 0.01

Non-reproductive mites in worker cells 
 A total of 85 foundress mites did not reproduce at all in worker cells. The 
reproductive behaviour of the majority of these non-reproducing mites became 
different between subsequent reproductive cycle in drone brood. 74.1% of the 
non-reproducing mites produced offspring after transfer to drone brood (Table 
3). The production of offspring was influenced by the brood type. The average 
fecundity of reproducing mites was 3.6 ± 1.5 (n = 63). Of the mites that reproduced 
in drone brood, 36.5% produced viable female offspring. The number of viable 
females produced per foundress producing viable offspring was 2.3 ± 1.4 (n = 
31). Only 25.9% of the mites remained non-reproducing after transfer (Table 3).

Table 3. Non-reproducing mites in worker brood cells transferred to drone 
brood cells of Africanized honey bees (AHB).

Parameter Drone (%) 
(n = 85)

Non-reproductive 25.9

Fertile 74.1

Viable female offspring 36.5

Immature offspring 14.1

Males only  9.4

Females only 14.1
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Discussion
 Mite reproduction rate in the previous cycle in worker brood was 
compared with reproductive rate in the next reproductive cycle in drone 
brood. This comparison required artificial infestation of single worker brood 
cells with female mites and the transfer of these mites into uninfested drone 
cells. This method allows to compare the reproductive ability of varroa mites 
in worker and drone brood cells and to analyze if mite reproduction behaviour 
is influenced by the brood type. No such experiments have been conducted 
with Africanized bees. According to Ruijter (1987) the female mother mites 
are able to reproduce up to seven times in successive reproductive cycles in 
artificial infested worker cells. Nevertheless, it should be consider that the age 
of the mite is not known and it can influence the reproductive success in the 
next cycle.
 In this study, removal of capped infested brood did occur. From 
approximately one third of brood cells infested with varroa mites were found 
completely emptied (brood completely removed by the bees). The removal 
response to infested cells may be due to the artificial introduction of the mites. 
By artificial introduction the cell is damaged and the mites may have an alien 
odor (Aumeier et al., 2000). Rosenkranz et al. (1993) showed that the removal 
response of bees was strongly affected by scent cues adhering to the mites. 
Thus, mites in artificially infested cells may be more easily detected by bees 
than mites in naturally infested cells. 
 Mite fertility in worker and drone brood was about 79% (every female 
which had laid at least one egg was considered fertile). In Africanized bees 
in Brazil, mite fertility in singly infested cells was 82% in worker and 77% in 
drone brood (Garrido et al., 2003). These results represent an increase of the 
proportion of fertile mites in Brazil, where previous studies had demonstrated 
less than 50% average mite fertility (Camazine, 1986). In Mexico, the annual 
mean percentage of mother mites that reproduce in worker brood of 
Africanized bees was 85.5% with a range from 74.1% to 91.5% (Mondragon 
et al., 2006). The foundress producing viable offspring in worker cells falls to 
around 40% on AHB in Mexico (Medina & Martin, 1999).
 The number of eggs produced per reproductive female and the number 
of viable females produced per foundress producing viable offspring were 
higher in drone brood compared to worker brood. Medina & Martin (1999) 
indicated that a direct consequence of higher rates of offspring mortality 
in AHB worker cells results in only 0.73 viable adult females offspring being 
produced per mother mite. Moreover, a mean fecundity of 4.1 mites per mother 
was found in worker brood of AHB in Mexico (Mondragon et al., 2006).
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 One of the most significant differences in mite reproduction was the 
higher percentage of mites producing viable offspring in drone cells compared 
to worker cells. This indicates that brood type has an influence in the host-
parasite relationship. The number of viable female offspring produced by 
invading mother mites depends, in part, upon the type of cell the mite 
enters, whether it is worker or drone (Boot et al., 1991; Santillan-Galicia et al., 
2002). Drone brood is preferred and more frequently infested by mites, and 
the average number of mites entering a cell with drone brood is higher than 
the number entering a cell with worker brood (Boot et al., 1991). In addition, 
mites prefer drone larvae to worker larvae when given the choice in laboratory 
tests (Le Conte et al., 1989). Mite preference appears to be based, in part, on 
chemical attractants secreted by the larvae and present on the cuticle (Trouiller 
et al., 1991). Koeniger et al. (1981) found that varroa on A. cerana in Sri Lanka 
reproduced only in drone cells. Mites can enter worker brood cells but no 
offspring are produced (Boot et al., 1997). 
 The high level of immature offspring in the worker cells (40.6%) 
compared to the drone cells (13.2%), indicates that what is occurring in the 
worker cells is generating a significant difference in mite reproductive ability 
in AHB colonies. This factor influences the production of viable female mites 
because immature stages remain in the cell when a bee emerges, and these 
immature mites are removed by nurse bees (De Jong, 1997).
 About 15% of mites produced only female offspring in drone brood 
cells. The absence of the male or premature death of the male offspring within 
the host cell before it is able to mate with its sisters leads to unfertilized adult 
female offspring emerging from the cell. Since only one male is produced per 
batch of eggs, its absence or death will result in all the female offspring being 
unmated and so unable to produce offspring although they do enter cells and 
attempt to reproduce (Harris & Harbo, 1999).
 A maximum of six and seven offspring was found in worker and drone 
brood respectively. According to Ifantidis (1984) varroa females are biologically 
capable of laying up to six eggs in worker cells and seven in drone cells.
 Although no differences were found in the percentage of non-
reproducing mites, a significant finding was that the reproductive behaviour 
of the majority of non-reproducing mites in worker brood became different 
in the subsequent reproductive cycle in drone brood. More than 74% of the 
non-reproducing mites produced offspring when transferred from worker to 
drone brood, and 36% of these mites produced viable females offspring with 
an average of 2.3 viable females. Therefore, the production of offspring was 
influenced by the brood type. This is termed behavioral non-reproduction, 
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since although these mites are capable of reproduction, they fail to reproduce 
in some cycles (Martin et al., 1997). Ruijter (1987) reported that some mites 
interrupted egg laying for one period or more and resumed egg laying in the 
next period. Lack of a stimulus, as a result of the haemolymph composition of 
the pupa, has been discussed as one of the most important factors.
 Varroa mites in European colonies reproduce both in drone and in 
worker cells. More than 80% of varroa mites found in worker brood cells in 
European bees in northern Europe are reproducing mites (Ritter & De Jong, 
1984), whereas 75% of the fertile mites produce viable offspring (Martin, 1994). 
Reproduction in worker cells is probably crucial for the highly susceptibility of 
European bees to varroa mites, because it implies that the mite population 
grows rapidly (exponentially) and colonies do not survive without acaricidal 
treatment (Boot et al., 1999). On the other hand, the reproductive success of V. 
destructor on AHB is variable. A clear example of this point is Brazil, where mite 
fertility was low (De Jong, 1997), but where it is now found to occur at higher 
levels (Correa-Marques et al., 2003; Garrido et al., 2003; Carneiro et al., 2007). 
As the low fertility of mites in AHB worker brood has been discussed as one of 
the most significant factors contributing to varroa tolerance, further studies 
are needed to analyze in more detail the reproduction ability and the actual 
population dynamics, especially in Brazil where significant changes into host-
parasite relationship appear to have taken place.
 In conclusion mite fertility was similar between worker and drone 
brood. Nevertheless, a significant difference in the number of foundress 
mites producing viable female offspring and immature offspring was found, 
showing that drone brood is more suitable for mite reproduction. The number 
of eggs and viable females produced per foundress mite was higher in drone 
brood compared to worker brood. Furthermore, a high percentage of the 
non-reproducing mites in worker brood produce offspring when they were 
transferred to drone brood. 
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CHAPTER 6

Reproduction of Varroa destructor in Africanized honey 
bees under the tropical conditions of Costa Rica

Calderón, R.A.; Zamora L.G.

Abstract
 Varroa destructor is a worldwide ectoparasite of serious economic 
importance for beekeeping. Severe colony mortality is common in parasitized 
European honey bees (EHB) colonies in Europe, Asia and North America. This 
study of varroa reproduction was carried out in Heredia, Costa Rica. The area has 
a tropical climate. February to April are dry months, and May to July are rainy 
months. Previous to our study, the experimental colonies were treated with 
formic acid to minimize numbers of phoretic mites and avoid over-infestation 
of the worker cells. The reproductive ability of varroa mites was determined 
approximately 240 h after cell sealing in worker brood from four Africanized 
honey bee (AHB) colonies and four hybrid (HF1) colonies. In order to evaluate 
the degree of Africanization of the experimental colonies, adult bees were 
analyzed based on two enzymes: Hexokinase (HK) and Malatedehydrogenase 
(MDH). Several variables were measured for foundress female mites: fertility, 
production of viable female mite, production of only immature descendants, 
production of only female or only male descendant and no reproduction 
at all. No significant differences were found between AHB and HF1 in the 
percentage of fertile foundress mites (X2 = 3.66, P = 0.06), the percentage of 
foundress mites that produced viable females (X2 = 0.53, P = 0.47), and the 
percentage of foundress mites that produced only immature stages (X2 = 0.09, 
P = 0.75). However, the percentage of foundress mites that did not reproduce 
at all tended to be greater in AHB (30.2%) than in HF1 colonies (23.5%) (X2 = 
3.66, P = 0.06). A considerable rate of mortality incurred by the male or female 
was observed in either of the two groups. In cells with both female and male 
descendant, the male or one female was found dead in 26.9% of AHB cells and 
28.2% of HF1 cells. No significant differences in the number of descendants 
were found between the groups in the dry and rainy season (AHB, P = 0.87 
and HF1, P = 1.0). When the average number of mite eggs was compared 
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with the percentage of Africanization of the individual colonies, no significant 
correlation was found (R = 0.32, p = 0.2). In both groups of bees, the number of 
fertile varroa mites was higher than what other studies have reported for AHB 
in Brazil. Nevertheless, a factor that limited varroa reproduction in AHB and 
HF1 colonies was the non-reproducing mites that we found in more than 23% 
of the worker brood cells.

Keywords: Varroa destructor, reproductive ability, Africanized honey bees, 
hybrids
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Introduction
 Varroa destructor (Mesostigmata: Varroidae) (Anderson & Trueman, 
2000) is a dangerous ectoparasite of worldwide economic importance for 
beekeeping and a serious threat to honey bees (Apis mellifera). Most honey 
bee colonies do not survive infestation by the mite when left untreated (Bailey 
& Ball, 1991). 
 Varroa mites live apparently in a long-term association with their natural 
host A. cerana, the Indian honey bee, in South East Asia. Serious damage to 
these bees has never been reported, and treatment against varroa is not 
needed in beekeeping with A. cerana. Koeniger et al. (1981) found that varroa 
on A. cerana reproduced only in drone cells. Mites can enter worker brood cells 
but no any descendant is produced in A. cerana (Boot et al., 1997). In contrast 
to the situation in A. cerana, varroa mites in European bee colonies (A. mellifera) 
reproduce both in drone and worker cells. A considerable reproductive rate in 
worker cells is probably crucial for the high susceptibility of European bees 
to varroa mites, because it implies that the mite population grows rapidly 
(exponentially) and colonies do not survive without acaricidal treatment (Boot 
et al., 1999). More than 80% of varroa mites found in worker brood cells in 
European bees in northern Europe are reproducing mites (Ritter & De Jong, 
1984). 
 Because varroa populations increase when brood is present, it would 
be expected that in tropical climates, where brood rearing takes place year-
round, the effect of varroa would be even more devastating. However, that 
has not been the case in tropical regions of South America, specifically in 
Brazil, where varroa was introduced more than 30 years ago and established 
itself at low levels of infestation (approximately less than 3%), without causing 
apparent damage to apiculture with Africanized bees (De Jong et al., 1984; 
De Jong, 1997; Moretto & Leonidas, 2001; Moretto & Leonidas, 2003). The low 
fertility of female mites in worker brood (less than 50%) is the most important 
factor associated to this phenomenon. Some reports on Africanized bees 
suggest that these bees are tolerant or resistant to varroa (De Jong, 1997). 
Tolerance to varroa is defined as the capacity of a honeybee colony to coexist 
with an infestation of the parasitic mite, V. destructor, without the need for 
treatments applied by the beekeeper (Rosenkranz, 1999). The mechanisms for 
this apparent resistance or tolerance are not well understood. 
 The arrival of V. destructor to Central America has added a new threat to 
beekeeping in this region. In Costa Rica, as a consequence of varroa incidence 
in the apiaries, beekeepers have reported loss of hives, reduced production of 
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honey and an increase in the incidence of other bee diseases, like deformed 
wing virus. Infestation rates of up to 22% in adult bees, and a total of 8000 
mites found in some colonies during a 170-day study period, indicate that 
mite populations found in AHB colonies in Costa Rica are higher than those 
reported for AHB in Brazil (Calderón et al., unpublished data). Furthermore, 
newly emerged bees with damaged wings, bees crawling in front of the hive 
and unusually severe adult bee mortality were observed in AHB colonies in 
Costa Rica infested with V. destructor. The analysis of adult bee samples showed 
the occurrence of deformed wing virus and Kashmir bee virus (Calderón et al., 
2003a). As a consequence, a considerable percentage of beekeepers in Costa 
Rica treat their colonies annually with synthetic and natural acaricides because 
they are afraid of reduced honey yields due to high infestation rates (Calderón, 
pers. comm.). 
 There are few reports concerning the reproductive ability of V. destructor 
in AHB colonies in tropical conditions (Calderón et al., 2003b). This study aims 
to contribute to our understanding of varroa mite population growth on AHB 
and to assess the reproduction of V. destructor in worker brood of AHB colonies 
in Costa Rica.

Materials and methods
 The study was conducted at the Universidad Nacional located in Heredia, 
Central Valley of Costa Rica, from February to July 2004. The area has a tropical 
climate. February to April are dry months, and May to July are rainy months. 
During the dry period rain is only occasional, and the bee colonies are in full 
honey production. In May heavy rains start falling almost daily, the average 
relative humidity rises to >80%, and bee populations start decreasing because 
of scarcity of floral resources (Calderón, pers. comm.).
 The reproductive ability of varroa mites was determined approximately 
240 h after cell sealing in worker brood from four AHB colonies and four 
hybrid (HF1) colonies (AHB x European honey bee). Previous to the study, the 
experimental colonies were treated with formic acid (65% vol./vol.) in a gel 
formulation for a treatment period of 15 days to minimize numbers of phoretic 
mites and avoid over-infestation of the worker cells. Mite infestation level of 
the colonies was determined in adult bees (after the formic acid treatment, 
mite infestation was 2.8%) (Table 1).
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Table 1. Controlling Varroa destructor infestation using formic acid. Data are 
presented for the initial and final infestation of the colonies in both groups 
of bees. 

Group of bees Colony number Initial infestation1 (%) Final infestation2 (%)

AHB 91 10.0 4.3

AHB 286 8.5 2.5

AHB 150 9.4 2.2

AHB 272 5.4 1.5

Hybrid F1 63 9.3 4.2

Hybrid F1 230 8.8 2.3

Hybrid F1 88 6.4 1.9

Hybrid F1 164 8.5 3.5

Average 8.3 ± 1.6 2.8 ± 1.1
1 Number of mites per 100 bees on day 1. 2Number of mites per 100 bees after 
formic acid treatment

 Several variables were measured for foundress female mites: fertility 
(production of offspring), production of viable female (potentially fertile female 
mite descendant), production of only immature descendants, production of 
only female or only male and no reproduction at all. Data were obtained from 
318 cells in AHB colonies and 307 cells in HF1 colonies.
 Combs containing brood close to being capped were chosen. Open 
worker brood cells likely to be capped within few hours were marked on a 
sheet of transparent plastic, temporarily laid over each comb. The brood 
combs were put back into the colony. After four hours, one mite collected from 
capped worker brood was introduced into a recently capped cell by carefully 
making and then resealing a small hole in the side of the cell cap, through 
which the mite was transferred using a paint brush. Each infested cell was 
numbered. The frames containing the infested cells were re-introduced into 
the experimental colony. This infestation method is widely used (De Ruijter, 
1987; Martin et al., 1997), even though the manipulation of the brood cells 
may elicit higher removal rates compared to naturally invaded brood cells. The 
removal response to infested cells may be due to the artificial introduction of 
the mites. By artificial introduction the cell is damaged and the mites may have 
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an alien odor. In this study most of the artificial infested cells became accepted; 
however, removal of capped infested brood did occur (brood completely 
removed). 
 After 10 days, the cells were opened to examine the contents. At this 
time, mature female offspring could be distinguished from their mothers by 
their light pigmentation. The numbers of mature female and male descendants, 
deutonymphs, protonymphs and eggs-larvae were recorded. To study 
reproduction of individual mites only data from cells experimentally provided 
of by one mite were analyzed, because otherwise offspring of different mother 
mites cannot be distinguished.
 In order to analyze the degree of Africanization of the experimental 
colonies, six samples of adult bees (each sample corresponding to one colony) 
were analyzed (Table 2). Analysis on electrophoresis by the use of polyacrilamide 
gels using two enzymes: Hexokinase (HK) and Malatedehydrogenase (MDH) 
were made. In these gels a set of loci representing the samples of bees analyzed 
can bee seen. The two upper loci of alleles, which have a higher resolution, are 
a representation of the HK enzyme (Rubink, pers. comm., 2003).

Table 2. Degree of Africanization of the experimental colonies using 
electrophoresis of the enzyme hexokinase (Hk) on polyacrilamide gels. The 
HkB allele was used to indicate degree of Africanization.

Group of bees Colony number HKB allele % African

AHB 91 21 99.0

AHB 286 20 92.0

AHB 150 17 80.0

Hybrid F1 63 13 58.0

Hybrid F1 88 15 75.0

Hybrid F1 164 19 88.0
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Results
Varroa reproductive ability
 As shown in Table 3, no significant differences were found between AHB 
and HF1 in the percentages of fertile foundress mites. The total reproduction 
of the varroa females was not different between the groups (Mann-Whitney, 
P>0.05, n = 457) and corresponded to 2.3 and 2.6 descendants per adult 
female in AHB and HF1, respectively. When considering only the females that 
produced any type of offspring, the rate was 3.4 descendants per adult female 
for both groups.
 The overall percentage of foundress mites that produce viable females 
(produce at least one female and a male) was 28.0 % and 25.4% in AHB and 
HF1 (Table 3), respectively (no significant differences were found between the 
groups, Chi-Test: X2 = 0.53, P = 0.47, n = 625). Nevertheless, a major difference 
between AHB and HF1 was found in the rainy season, when the percentage of 
mother mites that produced viable adult female increased in the hybrid group 
(Chi-Test: X2 = 5.18, P = 0.02). 
 A considerable rate of mortality suffered by the male or female was 
observed in both groups. In cells with both female and male, the male or one 
female was found dead in 26.9% of AHB cells and 28.2% of HF1 cells. The male 
mortality affected the number of viable females produced in both groups (per 
reproductive cycle). It results in 0.27 and 0.22 viable adult female produced 
per mother mites in AHB and HF1 respectively, which rises to 0.33 and 0.28 if 
both mated (viable) and non-mated females are considered.

Number of descendants produced in the groups
 A maximum of six descendants were found in both AHB and HF1. 
Nevertheless, the most frequent number of descendants was four (Figure 1). 
There were no differences for the number of descendants that female mites 
produced between the groups (Chi-Test: X2 =1.7, P = 0.89, indicating that the 
distribution of number of descendants (excluding 0) is not different between 
the two groups of bees and there was also no difference between the mean 
number of descendants in AHB (mean = 3.4, SD = 1.3, n = 222) and HF1 (mean 
= 3.5, SD = 1.3, n = 235). Furthermore, no significant differences in the number 
of descendants were found between the groups in the dry and rainy season 
(Mann-Whitney: AHB, P = 0.87 and HF1, P = 1.0). 
 When the average number of mite eggs is compared with the percentage 
of Africanization of the individual colonies, no significant correlation was found 
(R = 0.32, p = 0.2).
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Figure 1. Mite descendants produced in Africanized (n = 222) and Hybrid (n = 
235) colonies during the study. A maximum of six descendants were found in 
worker brood cells, with four descendants being most frequent in both groups 
of colonies.

Varroa mites that do not reproduce at all
 The percentage of non-reproducing mites (those that do not reproduce 
at all) was 30.2 % in AHB and 23.5 % in HF1 (Table 1) (Chi-Test: X2 = 3.66, p 
= 0.058, not significantly different, but tended to be greater in AHB than in 
HF1 colonies). In the hybrid group, the percentage of females that did not 
reproduce during the rainy season decreased compared with the dry season. 
Furthermore, there were significant differences between the percentage of 
female mites that did not reproduce in AHB and HF1 during the rainy season 
(Chi-Test: X2 = 5.98, P = 0.01).
 There was no correlation between the degree of Africanization of the 
individual colonies and the percentage of varroa females that did not reproduce 
at all (R = 0.04, P = 0.05). Furthermore, there were no significant differences 
in the percentage of varroa mites that did not reproduce at all during the 
dry and rainy season on individual colonies considering the percentage of 
Africanization (Figure 2).
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Figure 2. Percentage of varroa mites that do not reproduce at all during the 
dry and rainy season on individual colonies considering the percentage of 
Africanization. Analysis on electrophoresis by the use of polyacrilamide gels 
using two enzymes: Hexokinase (HK) and Malatedehydrogenase (MDH) were 
made to analyze the degree of Africanization of the experimental colonies.

Varroa mites that produce only immature descendants
 A considerable proportion of the mites in both groups produced only 
immature descendants (these mites represent those mother mites, which 
reacted too late in the cycle). The percentage of immature mites found in 
reproductive cells was no difference among the groups (Chi-Test: X2 = 0.09, P = 
0.75) (Table 3). 

Varroa mites that only produced a daughter offspring (no male)
 There was no difference between AHB and HF1 colonies in the 
percentage of cells in which the mites produced only daughter, but in which 
no surviving son was found 10 days after capping (Table 3) (Chi-Test: X2 = 0.03, 
P = 0.86). These new daughter mites will remain unmated in single infested 
cells, because varroa mites mate just after their final molt inside the cell.
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Varroa mites that only produced a male (no adult female)
 There was a significant difference between the percentage of cells in 
which the mites produced an adult male (although egg-larvae and protonymphs 
were not sexed and could in principle have been female) (Chi-Test X2 = 6.8, P = 
0.007) (Table 3). More than half of the males were found dead in both groups. 
This group of mother mites that only produced an adult male, represents an 
important proportion of females that failed to add fertile females to the varroa 
population.

Table 3. Reproduction parameters displayed by V. destructor foundress mites 
in worker brood of Africanized (AHB) and Hybrid (HF1) honey bees in Costa 
Rica.

Characteristic AHB (%) HF1 (%) Statistical test

Non-reproductive  30.2 23.5 X2 = 3.66, df = 1, P = 0.06

Fertile 69.8 76.5 X2 = 3.66, df = 1, P = 0.06

Viable female 28.0 25.4 X2 = 0.53, df = 1, P = 0.47

Immature descendants 17.3 18.2 X2 = 0.09, df = 1, P = 0.75

Males only 16.4 25.1 X2 = 6.80, df = 1, P = 0.01

Females only 8.2 7.8 X2 = 0.03, df = 1, P = 0.86

Discussion
 Fertility of varroa mites infesting AHB and Hybrid bees was similar when 
brood cells were inspected 10 days after capping. Both groups of bees had 
greater percentages of fertile varroa than have been reported for AHB in Brazil 
(Camazine, 1986). Despite this fertility of varroa foundresses, the percentage 
of mites that produced viable females was less than 30%. Medina and Martin 
(1999) found in Mexico that the percentage of foundress mites that produced 
viable female was about 40% in AHB versus 75% in EHB worker cells. In addition, 
they reported a considerable rate of mortality suffered by the first (males = 
42%) and second (females = 30%) mite in AHB worker cells. We also found 
significant mortality of mites in either of the two types of bees.
 No differences were found in the mean number of descendants produced 
by fertile female mites in AHB and Hybrid bees. Similar values are reported from 
AHB, in which the average number of eggs laid by reproducing mites ranges 
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from 3.3 to 4.0 (Rosenkranz, 1999). These results suggest that the number of 
descendants generated per reproductive female mite does not seem to play 
an important role in explaining any difference of varroa population growth 
between AHB and HF1 colonies in Costa Rica.
 In worker cells of both groups a maximum of six descendants were 
found, being four eggs the most frequent number of descendants. These 
results support the findings of Rosenkranz and Engels (1994), who reported 
that mites parasitizing Africanized and European honey bees did not differ in 
the number of descendants that they produced. According to Martin (1994), a 
maximum of six eggs can be found in all types of worker cells. 
 Wide variation in the rate of non-reproduction of varroa has been 
reported. Rosenkranz (1999) found that in Brazil 43% of mites were non-
reproductive in AHB compared with only 19% in EHB. The percentage of non-
reproducing mites in our study was greater than the percentage reported 
for mites in EHB and lower than the percentage reported for mites in AHB 
of Brazil. The physiological reasons underlying a lack of reproduction by V. 
destructor in worker brood cells are not well known. In this study, most of the 
foundress mites that did not reproduce looked alive and healthy (locomotion 
and appendage movement: legs, chelicerae). 
 An important proportion of the mites in both groups produced only 
immature descendants (younger stages, no adults), during one passage of 
the varroa mite through the worker sealed cells. This percentage represents 
those mother mites, that start egg-laying too late making it impossible for the 
young varroa mites (females) to reach the adult stage (Ifantidis, 1984). This 
phenomenon will affect the population dynamics of the mites, since younger 
stages (deutonymphs, protonymphs and eggs) are left when the bee emerges 
and apparently die, or are removed and killed by nurse bees (De Jong, 1997) 
and do not have any chance to reaching adulthood. 
 In less than 10% of cells the mites produced daughter, but no living 
son 10 days after capping. Donze et al. (1996) found 23.5% of the worker cells 
without males in European bees. Boot et al. (1997) reported that it was a clear 
difference between the percentage of cells in which the mites produced only 
daughters 9 days after capping in A. mellifera (14-26%) and A. cerana (1-2%). 
As a consequence of this failure to produce male mites or the failure of male 
mites to mature in time to mate with their sisters, the daughter mites will 
remain unmated in single infested cells, because varroa mites mate just after 
their final molt inside the cell (Donze et al., 1996). Young mites that have not 
mated may either lay haploid eggs, which will develop into males (de Ruijter & 
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Pappas, 1983) or may fail to produce offspring at all (Calis et al., 1999).
 There was a significant difference between AHB and HF1 in the number 
of mother mites producing only an adult male 10 days after capping (AHB = 
16.4%; HF1 = 25.1%). Boot et al. (1995 and 1997) found that 8-10% and 11-
17% of the mites produced only male in European bees. Most of the mites that 
produced only male probably had not mated, since haploid eggs of varroa 
mites develop into males (de Ruijter & Pappas, 1983). Since the density of the 
varroa mite population in an infested colony depends only on the number 
of the female adults, this important level of mites producing only an adult 
male is an important factor in this study which reduces the ability of the mite 
population to increase. Some of the mites that produced only an adult male 
offspring in this study, produced only 1 or 2 descendants.
 In conclusion, in both groups of bees, the number of fertile varroa 
mites was higher than what other studies have reported for AHB in Brazil. 
Nevertheless, factors that limited varroa reproduction in AHB and HF1 colonies 
in Costa Rica were the non-reproducing mites, foundresses that produced only 
immature stages, foundresses that produced one adult sex, and mortality of 
emerging mites we found in a considerable percentage of worker cells. The 
combined effects of these factors results in less than 30% of the foundress 
mites producing viable female in both AHB and HF1 colonies.
 The low number of viable females produced by foundress mites found in 
worker brood cells of AHB and HF1 colonies, seems insufficient to explain the 
colony losses and reduced production of honey due to V. destructor reported 
by beekeepers in Costa Rica. Infestation rates of 10.0% found in adult bees 
during a 170-day research study (unpublished data), indicates that infestation 
with varroa mites could increase through the year (although apparently not as 
high as in temperate climates). We hypothesized that, due to the preference 
of mites to infest drone brood to reproduce, a high proportion of the mite 
reproduction should occur in drone cells of AHB colonies. Further studies are 
needed concerning the reproductive capacity of V. destructor in drone brood 
of AHB colonies, in order to get knowledge with respect to the mite population 
dynamic under the tropical conditions of Costa Rica.
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CHAPTER 7

Varroa destructor (Mesostigmata: Varroidae) in
Costa Rica: population dynamics and its influence 
on the colony condition of Africanized honey bees 

(Hymenoptera: Apidae)

Calderón, R.A.; Van Veen J.W.

Abstract
 The development of Varroa destructor Anderson & Trueman 
(Mesostigmata: Varroidae) population dynamics in Africanized honey bee 
(AHB), Apis mellifera L. (Hymenoptera: Apidae) colonies was monitored from 
February to July 2004 in Atenas, Costa Rica. Furthermore, a correlation between 
the mite infestation level and the colony condition was evaluated. For each 
colony, infestation rate of varroa in adult bees was measured twice a month. 
In addition, sticky boards were placed on the bottom boards of each colony to 
collect fallen mites. The condition of the colonies was evaluated by measuring 
the amount of brood and adult bees. Over this period, our results consistently 
showed that mite infestation rate on adult bees increased significantly in the 
experimental colonies, rising to 10% by the end of the experiment. In addition, 
the mean mite fall increased significantly over the course of the study in the 
treated (R = 0.72, P<0.05) and untreated colonies (R = 0.74, P<0.05) to a level 
of 63.8 and 73.5 mites per day, respectively. The increase in varroa infestation 
coincided with a decrease in the amount of brood. Furthermore, adult bees 
with deformed wings or even without wings crawling in front of their hive 
occurred in highly infested colonies (mite infestation = 10% or more).

Keywords: Varroa destructor, Africanized honey bees, population dynamics, 
mite infestation, colony condition 



94

Introduction
 Severe colony mortality has been reported in European honey bees (EHB) 
colonies in Europe and North America, due to Varroa destructor (Bailey & Ball, 
1991). Both adult bees and brood are parasitized. Nevertheless, reproduction 
occurs only inside capped brood cells (worker or drone brood) (Ifantidis, 1983). 
Since V. destructor populations increase when brood is present, it would be 
expected that in tropical climates, where brood rearing takes place year-round, 
the effect of varroa would be even more devastating because reproduction 
never ceases. However, that has not been the case in tropical regions of South 
America, specifically in Brazil, where colony losses are not recorded (De Jong 
et al., 1984). As varroa dispersed through regions of Brazil, infestation rates of 
more than 10% were first reported in AHB colonies. However, a strong reduction 
of the infestation levels has been observed in several regions of Brazil, since 
the introduction of this parasite (Moretto et al., 1995). Nevertheless, regional 
differences in weather conditions and mite genotypes make it difficult to 
characterize the varroa population dynamics on AHB over a wide-spread area. 
Variation in mite fertility may be a consequence that the growth rates of varroa 
population vary between geographic locations (De Guzman et al., 2007). 
 In Costa Rica, we found greater percentages of fertile varroa mites 
than have been reported for AHB in Brazil (Calderón et al., 2003). In addition, 
as a consequence of varroa introduction, some beekeepers have reported 
the occurrence of newly emerged bees with damaged wings crawling in 
front of the hive and colony losses. So far, there are no reports on the mite 
population dynamics in the tropical region of Central America. The study of 
varroa population dynamics is necessary because the probability of a colony 
collapsing increases as the mite population grows (Calderone, 1999). 
 We hypothesized that, because brood rearing takes place year-round 
in AHB colonies in Costa Rica, varroa reproduction occurs through the year 
increasing the mite population in the colony. The aim of the present study was 
to investigate the population dynamics of V. destructor in AHB colonies under 
the tropical conditions of Costa Rica. In addition, the influence of V. destructor 
infestation in the colony condition is discussed.

Materials and methods
 The study was carried out in Atenas, located in the Central Valley of Costa 
Rica province of Alajuela (9058’N, 84024’ W, 696 m above sea level) from February 
to July 2004. The average daily temperature is 23.8ºC and annual precipitation 
is 2132.1 mm. This study was done in 29 AHB colonies (single brood-chamber) 
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of approximately equal strength. All colonies were requeened with mated sister 
queens reared from one Africanized mother, and the colonies were housed 
in Langstroth hives and fed alternatively with dry sugar and sugar syrup (1:1) 
during the nectar dearth in May to July.

Mite infestation levels 
 Twenty AHB colonies naturally infested by varroa were monitored to 
determine the variation in the mite infestation levels. Colonies were arranged 
in two groups of 10 hives each. Previous to the study, colonies of one group 
received two strips of Apistan® (10% fluvalinate) inserted into the brood nest 
for a treatment period of 42 days to minimize numbers of phoretic mites (start 
with a low mite infestation level). Apistan® was removed one month before 
the beginning of data collection (manufacturer’s recommendations). Colonies 
of the other group did not receive treatment at all. For each colony, mite 
infestation rate in adult bees was measured twice a month and fallen mites 
were collected weekly from the bottom boards of the colony.

Test of adult bees 
 About 100 bees from the brood nest of each colony were brushed into 
glass jars using a cardboard funnel. Powder soap and water (5% soap) was 
added to the bees and the mixture was shaken for one minute. The solution 
and bees were poured into a double sieve and then washed with a strong 
spray of water (running water) to wash all mites through the coarse sieve into 
the fine sieve. The coarse sieve was a 2-mm wire screen and the fine was 0.05-
mm wire mesh to guarantee proper separation of bees and mites. Mites and 
bees were counted to establish an infestation rate (number of mites/number 
of bees x 100). 

Test of fallen mites 
 To assess the number of fallen mites, a 36 x 45-cm white card coated 
with a thin layer of petroleum jelly (vaseline) was placed on the bottom board 
of the colony. In order to avoid bees removing dead mites, the bottom board 
was modified using a metal lattice covering the entire bottom. These cards 
that remained in the colonies for a period of six to eight days, were examined 
under a magnifying glass to determine the total number of fallen mites.
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Colony condition 
 Mite infestation levels and colony condition (amount of brood and 
adult bees) were evaluated in nine AHB colonies, for a six month period. The 
same methodology described above was used to evaluate varroa infestation 
in adult bees and fallen mites. The condition of the colonies was estimated by 
measuring the amount of brood and adult bees once a month. The amount of 
open and sealed brood was measured using a frame divided into squares of 5 x 
5 cm (25 cm2). This frame was placed over each comb to measure and calculate 
the brood for the whole colony. Adult bee population was estimated by visual 
estimation of the number of combs occupied (covered) by adult bees.

Statistical analysis 
 Statistical significance between varroa infestation and the study time 
was determined by Student t-test. To test for effects of colony condition, 
correlation was determined between mite population growth and colony 
condition and tested for its significance. 

Results
Infestation levels of V. destructor in treated and untreated AHB colonies 
Adult bees 
 The levels of varroa infestation in adult bees increased significantly over 
time in treated (t-test, P = 0.003) and untreated colonies (t-test, P = 0.0001) 
(Figure 1). The monthly rate of increase in mite population was positively 
correlated with the study time in treated (R = 0.76, n = 10, P<0.05) and untreated 
colonies (R = 0.77, n = 10, P<0.05). 
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Figure 1. The percentage of adult worker bees infested by V. destructor on 
treated and untreated AHB colonies through time (average values ± SE; n = 20 
colonies). The arrow indicates the beginning of the rainy season.

Natural mortality 
 The mean mite fall increased significantly over the course of the study in 
the treated (R = 0.72, n = 10, P<0.05) and untreated colonies (R = 0.74, n =10, 
P<0.05) to a level of 63.8 and 73.5 mites per day, respectively (Figures 2 and 
3). The average total number of fallen mites was 2572 and 4388 per colony 
for treated and untreated colonies over the 170-day study period. A sudden 
decrease in fallen mites (only in the bottom boards) occurred during June in 
most of the colonies. This decrease in mite counts was related to ant attacks 
that removed varroa mites from the bottom boards. 
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Figure 2. The numbers of varroa mites collected from bottom boards in treated 
AHB colonies through study time. The results are presented as the daily average 
of fallen mites per colony (average values ± SE; n = 10 colonies). The arrows 
indicate mite removal by ants from the sticky boards.

Figure 3. The numbers of V. destructor collected from bottom boards in 
untreated AHB colonies through study time. The results are presented as the 
daily average of fallen mites per colony (average values ± SE; n = 10 colonies). 
The arrows indicate mite removal by ants from the sticky boards.
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Varroa infestation level and colony condition
Infestation in adult bees and number of fallen mites 
 Levels of varroa infestation in adult bees varied through time. Lowest 
infestations were recorded during the first three months of the experiments. 
By May, levels of infestation of varroa clearly increased, rising to 10% by the 
end of the experiment. There was a positive correlation between the monthly 
mite infestation in adult bees and the duration of the test (R = 0.72, n = 12, 
P<0.05).
 The mean mite fall in this group of colonies increased steadily over the 
course of the study time to a level of 36.3 mites per day. Lowest mite counts 
were observed during the first two months of the experiment; whereas the 
highest were observed in May and July. The mean total number of fallen mites 
per colony was 2600 over the 170-day study period. The mite counts declined 
in most of the colonies through June due to the attack of ants. A positive 
correlation between the average daily fallen mites and the study time (R = 
0.48, n = 12, P<0.05) was observed. 

Brood size and adult bee population 
 The amount of brood was negatively correlated with varroa infestation, 
as measured in adult bees (sealed brood, R = -0.99, n = 9, P<0.05; open brood 
R = -0.74, n = 9, P<0.05) and in fallen mites (sealed brood, R = -0.35, n = 9, 
P<0.05; open brood R = -0.49, n = 9, P<0.05) (Figure 4). Colonies had the highest 
amount of adult bees in April. During May and June the number of adult bees 
decreased with its lowest numbers in February and March. Emerging bees 
with deformed and shortened wings or even without wings crawling in front 
of their hive was observed in five colonies. No brood mortality was evident in 
these colonies.
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Figure 4. The mean area of sealed and open brood (in cm 2) recorded at 
monthly intervals in nine AHB colonies over six months (average values ± SE; 
n = 9 colonies). The arrow indicates the beginning of the rainy season (floral 
scarcity: May to July).

Discussion
 The growth rates of varroa mite populations vary according to bee 
genotype, mite genotype, geographic locations, and climatic conditions (De 
Guzman et al., 2007). 
 A significant increase in varroa infestation levels was observed in both 
treated and untreated colonies through the study. Infestation rates of up to 
22% in adult bees, 191 fallen mites per day, and a total of 8000 mites found in 
some colonies during this 170-day study period indicate that mite populations 
found in AHB colonies in Costa Rica are higher than those reported for AHB 
in Brazil. Varroa infestation rates in adult bees on AHB colonies in Brazil are 
mainly below 5%; higher infestation levels were detected only during the first 
years of occurrence of varroa in this country (Rosenkranz, 1999). The observed 
increases in varroa infestation in this study, despite the low mite reproductive 
ability found in worker brood of AHB colonies, in which less than 30% of the 
foundress mites produced viable female offspring (Calderón et al., 2003), 
suggests that the number of mite reproductive cycles in worker brood (worker 
brood rearing takes place year-round) and varroa reproductive ability in drone 
brood, may be a significant factors related with the mite population growth in 
AHB colonies in Costa Rica. 
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 In this study, when brood rearing peaked in March, the rates of varroa 
infestation in adult bees and the number of fallen mites were low. On the other 
hand, mite infestation increased in July, and this coincided with a decrease 
in the amount of brood in the colonies. De Guzman et al. (2007) reported a 
correlation between mite growth and the number of capped brood present 
in Russian colonies in Baton Rouge, LA. According to Fries et al. (1994), before 
a colony becomes severely infested, the mite population begins to adversely 
affect the honey bee population, perhaps by interfering with brood production. 
In this situation, the colony appears restless and weak with reduced adult bee 
populations and decreased general conditions (De Jong, 1997). In Yucatan, 
Mexico, Echazarreta & Paxton (1997) found a single annual peak of worker 
brood production in both AHB and EHB colonies between February and May. 
It should be consider that a decrease in brood production may lessen the 
availability of brood for infestation, and thereby provide a longer phoretic 
period for the mites and increase the number of foundress mites per cell 
(parasitic intensity).
 The occurrence of adult bees with deformed wings or even without 
wings, crawling in front of their hive, may be considered as a negative effect 
associated with a high mite infestation levels observed in some colonies later 
in the experiment. Shimanuki et al. (1994) have suggested the terminology 
“parasitic mite syndrome” for colonies that are infested with V. destructor. 
Among the range of symptoms described are a reduced adult bee population, 
crawling bees in front of the hive, and queen supersedure (Hung et al., 1995). 
According to Ball (1996), much damage is due to secondary infections. It is 
known that deformed wing virus is transmitted by the mite (Ball, 1985).
 In conclusion, mite population increased in the course of the study to 
a significant levels. This increase in mite infestation coincided with a decrease 
in the amount of brood in the colonies. In addition, adult bees with deformed 
wings or even without wings crawling in front of their hive, occurred in severely 
infested colonies. 
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CHAPTER 8

Summary in English

The research of this thesis
 In this thesis, we investigated the reproductive biology of V. destructor 
in Africanized bees in Central American conditions, specifically in Costa Rica. 
Attention is paid to mite fertility and production of viable female mites in 
worker and drone brood cells. Other reproduction parameters, like fecundity, 
production of only immature offspring, production of only female or only male 
offspring and no reproduction at all are discussed. Furthermore, results on mite 
population dynamics and its influence in the colony condition are presented. 
We hypothesized that, due to the preference of mites to invade drone brood 
to reproduce, a high proportion of the mite reproduction in Africanized bees 
should occur in drone cells.
 This research was carried out at the Centro de Investigaciones Apícolas 
Tropicales (CINAT) of the Universidad Nacional, Barreal of Heredia (Central 
Valley), Costa Rica (10°01’ N, 84°07’ W; 1130 m elevation). Barreal of Heredia 
belongs to the life zone of Tropical Premontane Wet Forest (nowadays it is a 
populated area). The average temperature and precipitation are 24.0 ºC and 
1878.8 mm, respectively. The area has a tropical climate. The rainy season runs 
approximately from May to October. In May heavy rains start falling almost 
daily, the average relative humidity rises to >80%, and bee populations start 
decreasing because of scarcity of floral resources. The nectar flow begins almost 
a month after the end of the rains, finishing in March or April. November to 
April are dry months. During the dry period rain is only occasional, and the bee 
colonies are in full honey production. 
 For this study, colonies of highly defensive Africanized honey bees (Apis 
mellifera scutellata L.) (uncontrolled hybridized for years = no requeening, high 
swarming behavior or tendency) and less defensive Africanized honey bees 
(hybrid F1) (European queen mated with Africanized drones = requeening) 
were used. Most data were collected from direct observations on naturally and 
artificially infested worker and drone brood cells. 
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Reproductive biology of varroa mites in AHB 
 The tolerance or resistance of AHB to varroa in Brazil is apparently 
attributable, at least in part, to resistance mechanisms (De Jong, 1997). Because 
of the big difference on the impact of varroa on European and Africanized bees, 
several mechanisms of bee resistance, behavioural characteristics and external 
factors related with low infestation rates and a limited mite reproductive 
ability, have been proposed (Camazine, 1986; De Jong et al., 1982). The 
development time of worker brood, the hygienic and grooming behavior of 
adult bees, the type of mite and the mite reproductive ability are characteristics 
long associated with varroa tolerance. The observation that large number 
of infertile mites were present in honey bee populations in Brazil has led to 
mite infertility becoming perhaps the most widely accepted explanation for 
varroa tolerance (De Jong et al., 1984; Moretto et al., 1992; Rosenkranz, 1999). 
However, the fertile mites on AHB in Brazil significantly increased from 56% in 
the 1980s to 86% in recent years. Nevertheless, despite the increased fertility, 
no increase in mite infestation rates in the colonies has been detected so far. 
As the low fertility of mites in AHB worker brood has been discussed as one of 
the most significant factors contributing to varroa tolerance, the new status of 
mite fertility in Brazil demands for further attention. A comprehensive review 
of the literature is presented in chapter 2 to collate the data of varroa mite 
reproduction to provide insight into this host-parasite relationship. We present 
an overview of the reproductive biology of varroa, focusing on some aspects 
of the mite reproduction rate on Africanized bees.

Varroa mites reproduction in worker brood cells
 Because varroa populations increase when brood is present, it would 
be expected that in tropical climates, where worker brood rearing takes place 
year-round, the effect of varroa would be even more devastating. However, 
that has not been the case in tropical regions of South America. In chapters 
3 and 6 we deal with mite reproduction in worker brood cells. We found that 
mite fertility in worker brood cells was similar between Africanized (AHB) 
and Hybrid (HF1) colonies. In both types of bees, more than 70% of the mites 
are reproducing mites. Despite this high fertility of varroa foundresses, the 
percentage of mites that produced viable female offspring was low for both 
types of bees. Factors that limited the production of viable female offspring 
in worker brood included foundresses that produced only immature stages, 
foundresses that produced only one adult sex, and mortality of emerging 
mites. The combined effects of these factors results in less than 30% of the 
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foundress mites producing viable female offspring during one reproductive 
cycle in both AHB and HF1 colonies. 

Reproductive rate of varroa mites in drone brood cells 
 It is reported in the literature that drone brood is more frequently infested 
and preferred by mites (Martin, 1995; Medina & Martin, 1999). In European 
bees, varroa mites invade drone cells up to 11.6 times more frequently than 
they invade the worker brood cells. The low mite reproductive ability found 
in worker brood cells of AHB colonies in Costa Rica seems insufficient to 
explain the colony losses due to varroa reported by beekeepers. In chapter 
4, we investigated the reproductive rate of varroa mites in drone brood of 
AHB. We found that mite fertility in drone cells was 95.1%. Only 4.9% of varroa 
foundresses produced no offspring. In addition, the percentage of foundress 
mites that produced viable female offspring was 53%. Nevertheless, a greater 
proportion of mites produced only a female offspring and in cells with both 
female and male offspring, the male was found dead in 8% of the cases. Since 
mating occurs only within the brood cell before the bee emerges, elevated 
levels of male absence or male death will lead to an increase level of non-
reproductive mites (infertile), which will result in large numbers of infertile 
females in the varroa population. 

Comparison of the reproductive ability of varroa mites in worker and 
drone brood 
 The reproductive ability of V. destructor varies among the bee brood: 
worker or drone brood. In worker brood fewer offspring is produced and 
higher rates of non-reproduction are found than in drone brood. The high 
percentage of infertile mites observed in worker brood has been proposed 
to be related with the tolerance of Africanized honey bee colonies to varroa 
mites. Another factor that influences varroa reproductive capacity in worker or 
drone brood is related to the mites that fail to produce viable female offspring 
(fertile mite) despite entering a suitable host cell. This can be classed into non-
fertile female mites, foundresses that produced only immature stages or only 
one adult sex, and the absence or premature mortality of the male offspring 
before it is able to mate with its sisters. In chapter 5, mites reproduction rate in 
the previous cycle in worker brood was compared with what they produce in 
the next reproductive cycle in drone brood. This method allows the possibility 
to compare the reproductive ability of varroa mites in worker and drone brood 
cells and analyze if mite reproduction behavior is influenced by the brood 
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type. We found that mite fertility in single infested worker and drone brood 
cells was 76.5% and 79.3%, respectively. There was no difference between the 
groups. However, one of the most significant differences in mite reproduction 
was the higher percentage of mites producing viable offspring in drone 
cells (38.1%) compared to worker cells (13.8%). Furthermore, a high level of 
immature offspring occurred in worker cells and not in drone cells. Although 
no differences were found in the percentage of non-reproducing mites, a 
significant finding was that more than 74% of mites that do not reproduce in 
worker brood produce offspring when were transferred to drone brood. This 
indicates that brood type has an influence in the host-parasite relationship 
and plays a role in the ability of mite reproduction.

Population dynamics of varroa mites and its influence on the colony 
condition 
 A strong reduction of mite infestation levels is reported in AHB of several 
regions of Brazil, since the introduction of this parasite. Nevertheless, regional 
differences in weather conditions and mite genotypes make it difficult to 
characterize the varroa population dynamics on AHB over a wide-spread 
area. In chapter 7, we show that mite infestation rate on adult bees increased 
significantly in AHB colonies, rising to 10% by the end of the experiment. In 
addition, the mean mite fall increased significantly over the course of the 
study in a group of colonies that were treated with fluvalinate (previous to the 
study) (R = 0.72, P<0.05) and untreated colonies (R = 0.74, P<0.05) to a level of 
63.8 and 73.5 mites per day, respectively. Adult bees with deformed wings or 
even without wings crawling in front of their hive occurred in highly infested 
colonies with varroa mites (mite infestation = 10.0% or more).

Discussion
 In AHB of Brazil, reduced fertility of the mite in worker brood (less than 
50%) is correlated with increased tolerance to varroa. However, the impact 
of this mite on Africanized bees in other tropical American regions appears 
different from the situation in Brazil. The geographical variation in fertility 
and growth rate of varroa populations between geographic regions may be a 
consequence of different conditions for the mite in these areas.
 As the degree of Africanization is supposed to be the same in Costa Rica 
and Brazil, the mite haplotype has been considered as a cause for differences 
in mite fertility between these countries. Varroa was first detected in Costa 
Rica on September 1997 and was confirmed that the mites belonged to the 
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Korean haplotype, which is considered to be more virulent than the Japanese 
haplotype. Recently the Korean haplotype was reported from Brazil, whereas 
formerly the Japanese haplotype was considered to have been more abundant. 
Taking into account that in Costa Rica we found the Korean haplotype since 
varroa detection, this suggests that AHBs in Costa Rica are less tolerant to V. 
destructor than AHB in Brazil, due to the higher mite fertility in worker brood 
cells. 
 In Costa Rica, beekeepers have reported colony losses, reduced honey 
production and a decrease in pollination efficiency as a consequence of V. 
destructor parasitism. Furthermore, newly emerged bees with damaged wings, 
bees crawling in front of the hive and unusually severe adult bee mortality 
were observed in AHB colonies in Costa Rica infested with V. destructor. The 
analysis of adult bee samples showed the occurrence of deformed wing virus 
and Kashmir bee virus. As a consequence of varroa, a considerable percentage 
of beekeepers in Costa Rica treat their colonies annually with synthetic and 
natural acaricides because they are afraid of reduced honey yields due to high 
infestation rates. In addition, a significant increase in varroa infestation levels 
was also observed in AHB colonies. Infestation rates of up to 22% in adult 
bees, and a total of 8000 mites found in some colonies during a 170-day study 
period, indicate that mite populations found in AHB colonies in Costa Rica are 
higher than those reported for AHB in Brazil. 
 The best measure to quantify reproductive success in varroa mites is 
analyze the number of fertile mites and the number of viable females produced 
in worker brood cells per foundress per reproductive cycle. Mite fertility for 
varroa infesting worker brood cells in AHB in Costa Rica, ranged between 69% 
and 76%. So the number of fertile varroa mites in worker brood was higher than 
what other studies have reported for AHB in Brazil. Nevertheless, factors that 
limited varroa reproduction in worker brood were the non-reproducing mites, 
foundresses that produced only immature stages, foundresses that produced 
one adult sex, mortality of emerging mites and the absence of the male we 
found in a considerable percentage of worker cells. The combined effects of 
these factors results in less than 30% of the foundress mites producing viable 
female in Africanized colonies. 
 The absence of the male in worker cells reduces the production of viable 
daughters. Some authors indicated that reduce numbers of progeny from 
mites may result from factors associated with immature bees. Indeed, traits 
expressed by bee larvae and pupae might be responsible for the lower fertility 
rates of mites in the brood of Africanized bees. We observed in artificial cells 
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containing infested worker brood in Africanized bees that in a considerable 
number of cases the first egg (that is generally male) was disturbed and 
damaged when the prepupa molts into a pupa. We consider that the absence 
of male in a considerable number of worker cells could be explained by this 
effect. The absence of the male or premature death of the male offspring within 
the host cell before it is able to mate with its sisters leads to unfertilized adult 
female offspring emerging from the cell. Since only one male is produced per 
batch of eggs, its absence or death will result in all the female offspring being 
unmated and so unable to produce offspring although they do enter cells and 
attempt to reproduce
 The low number of viable females produced by foundress mites found 
in worker brood cells during one reproductive cycle in AHB colonies, seems 
insufficient to explain the colony losses, the occurrence of viruses in severely 
infested colonies and the mite infestation increase in the colonies through the 
year. 
 Due to the preference of mites to infest drone brood to reproduce, we 
compared the reproductive rate of V. destructor in worker and drone cells of AHB 
colonies. We found that mite fertility was similar between worker and drone 
brood. However, one of the most significant differences in mite reproduction 
was the higher percentage of mites producing viable offspring in drone cells 
compared to worker cells. The number of eggs and viable females produced 
per foundress mites was also higher in drone brood. This indicates that drone 
brood cells proved to be better suited for mite reproduction than worker brood 
cells. The number of viable female offspring produced by invading mother 
mites depends, in part, upon the type of cell the mite enters, whether it is 
worker or drone.
 Because in tropical conditions worker brood rearing takes place all year-
round, varroa can completes many reproductive cycles. So the number of mite 
reproductive cycles that occurs in worker brood through the year and the 
successful reproduction of varroa mites in drone brood (drone brood rearing 
takes place mainly during the dry season), are significant factors related with 
the mite population growth determined in AHB colonies in Costa Rica. A 
difference of the situation reported from Brazil, where mite infestation levels 
in the colonies are low (less than 3%) without causing apparent damage to 
apiculture; in the tropical conditions of Costa Rica a population growth is 
possible in Africanized bees although at a reduced rate compared to European 
bees (reproduction in worker cells is probably crucial for the highly susceptibility 
of European bees to varroa mites). 
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 The fertility of varroa mites in worker brood of AHB in Brazil significantly 
increased in recent years. Nevertheless, despite the increased fertility, no 
increase in mite infestation rates in the colonies has been reported so far. As 
the low fertility of mites in AHB worker brood has been discussed as one of 
the most significant factors contributing to varroa tolerance, the new status of 
mite fertility in Brazil demands for further attention. In addition, the number 
of viable females per mite that invade the worker brood in singly infested cells 
should be revised.
 
Concluding remarks
 It can be concluded from our study that brood type has an influence in 
the reproductive success of varroa mites in Africanized bees. In worker brood 
cells the fertility of varroa foundresses was more than 70%; nevertheless, less 
than 30% of the foundress mites produce viable female offspring during one 
reproductive cycle. On the other hand, mite fertility in drone brood cells was 
significant with more than half of the fertile mites producing viable female 
offspring. A factor that limited varroa reproductive rate in drone brood of AHB 
colonies is the absence of male or male mortality in a considerable percentage 
of cells. Since mating occurs only within the brood cell before the bee emerges, 
elevated levels of male absence or male death will lead to an increase level of 
non-reproductive mites (infertile), which will result in large numbers of infertile 
females in the varroa population. A significant finding related with varroa mites 
reproduction is that a high percentage of mites that do not reproduce at all in 
worker brood cells produce offspring when were transferred to drone brood. 
These differences in the mite reproductive ability in worker and drone brood 
cells suggests a capped drone brood removal as a nonchemical method for 
the management of V. destructor populations in Africanized colonies. 
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Summary in Spanish (Resumen en Español)

 La varroosis es una parasitosis externa y contagiosa que afecta tanto a la 
cría, como a las abejas adultas. Esta enfermedad parasitaria es causada por el 
ácaro Varroa destructor Anderson y Trueman (Mesostigmata: Varroidae), el cual 
ha sido reportado como uno de los parásitos que más pérdidas económicas 
causa en la producción apícola a nivel mundial. Este ácaro es primariamente 
un parásito de la cría, necesita obligatoriamente de ella para reproducirse, y 
aunque prefiere la cría de zángano, también infesta la cría de obrera.
 Estudiar la reproducción de la varroa en abejas Africanizadas, es un 
aspecto fundamental para determinar su dinámica poblacional en condiciones 
tropicales, donde hay presencia de cría de obrera durante todo el año. Por lo 
anterior, el objetivo principal de esta investigación, fue estudiar la biología 
reproductiva del ácaro V. destructor en colmenas de abejas Africanizadas, bajo 
las condiciones tropicales de Costa Rica. Se analizó la habilidad reproductiva 
de la varroa tanto en cría de obrera como en cría de zángano. Asimismo, se 
estudio la dinámica poblacional de la varroa y su influencia en la condición de 
la colmena.
 Para cada ácaro se analizaron los siguientes parámetros: fertilidad (ácaros 
con producción de cría); fecundidad (cantidad de progenie producida por 
ácaro); producción de hijas viables (fértiles) (celdas con presencia del macho y 
de al menos una hija adulta); producción de cría inmadura (celdas con presencia 
de únicamente estadios inmaduros); producción de únicamente hijas (celdas 
con presencia de hembra(s) adulta(s)  y ausencia de macho adulto); producción 
de únicamente macho (celdas con presencia de macho adulto y ausencia de 
hembra adulta) y no reproducción (ácaros que no produjeron progenie).
 Con la finalidad de introducir a la temática de la biología reproductiva 
de la varroa en abejas melíferas, en el capítulo 2, se presenta una revisión 
de literatura, en la cual se indican diferentes aspectos relacionados con la 
resistencia/tolerancia de la abeja africanizada hacia la varroa. Se hace énfasis 
en ciertos parámetros reproductivos, como la fertilidad y la producción de 
hijas viables.
 En los capítulos 3 y 6, se estudió la habilidad reproductiva de la varroa 
en cría de obrera en abejas Africanizadas (AHB) y abejas híbridas (HF1). Se 
determinó que este ácaro presentó una fertilidad del 70% en ambos grupos 
de abejas. Sin embargo, diferentes factores como la producción de únicamente 
estadios inmaduros, ácaros de un solo sexo y ácaros sin reproducción, limitaron 
la habilidad reproductiva. La combinación de estos factores afectó de manera 
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considerable la producción de hijas viables en cría de obrera (menos de un 
30.0% de los ácaros produjo hijas viables).
 Debido a la reproducción irregular de la varroa en cría de obrera y a 
diferentes reportes, en los que se indica que este ácaro prefiere infestar celdas 
de zángano, en el capítulo 4 se investigó la tasa reproductiva de la varroa en 
cría de zángano. Se encontró que más de un 95% de varroa se reprodujo y 
que un 50% de los ácaros produjo hijas viables. Sin embargo, en una cantidad 
considerable de celdas se determinó la ausencia del macho. La ausencia o 
mortalidad del macho en celdas de zángano, conlleva a que las hembras no 
sean fertilizadas y permanezcan infértiles en ciclos sucesivos.
 Diversos estudios señalan que la varroa presenta una mejor reproducción 
en celdas con cría de zángano en comparación con las de obrera, tanto en su 
hospedero natural, A. cerana, como en abejas de tipo europeo. Para evaluar la 
hipótesis que el tipo de cría influye en el éxito reproductivo de varroa en abejas 
Africanizadas, en el capítulo 5 se comparó la reproducción del mismo ácaro al 
ser transferido de celdas de obrera a celdas de zángano, permitiendo de esta 
manera conocer de forma directa, su habilidad reproductiva en ambos tipos 
de cría. Se encontró que la fertilidad de varroa en cría de obrera y zángano fue 
similar (obrera = 76.5%; zángano = 79.3%). Sin embargo, la producción de hijas 
viables fue significativamente superior en la cría de zángano. Este resultado 
permite determinar que la varroa presenta un mejor éxito reproductivo en 
la cría de zángano, produciendo hasta 2.8 veces más hijas viables durante 
un ciclo reproductivo. La producción de únicamente cría inmadura fue 
significativamente más alta en celdas de obrera, alcanzando más de un 40%; 
mientras que en celdas de zángano fue inferior a un 15%. Uno de los hallazgos 
más importantes en este estudio, es que un alto porcentaje de ácaros que no 
se reprodujo en la cría de obrera, logró reproducirse luego de ser transferidos 
a celdas de zángano, produciendo en promedio 3.6 descendientes. Con estos 
resultados, se puede indicar que el tipo de cría (obrera o zángano) influye en 
la habilidad reproductiva del ácaro de la varroa en abejas Africanizadas.
 Ciertos parámetros como el halotipo del ácaro (halotipo Coreano o 
halotipo Japonés), la fertilidad y la producción de hijas viables, pueden ser 
factores claves en las diferencias observadas en la dinámica poblacional de la 
varroa en abejas Africanizadas en Brasil y en otras zonas geográficas, como la 
región de Centroamérica. En el capitulo 7, se evaluó la hipótesis que debido 
a la presencia de cría de obrera durante todo el año en colmenas de abejas 
Africanizadas en Costa Rica, el ácaro de la varroa se reproduce continuamente 
a través del año, incrementando el nivel de infestación de las colmenas 
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y afectando la condición general (cantidad de cría y población de abejas 
adultas). Se determinó que la infestación del ácaro V. destructor en abejas 
adultas aumentó significativamente hasta alcanzar un 10%. El aumento en el 
nivel de infestación de varroa en las colmenas, coincidió con una disminución 
en la cantidad de cría. Además, se observó la presencia de abejas adultas con 
alas deformes o sin alas, arrastrándose en frente de la piquera, en colmenas 
altamente infestadas con varroa (infestación superior = 10%).
 En conclusión, se debe indicar que el tipo de cría influye en la habilidad 
reproductiva del ácaro V. destructor en abejas Africanizadas. En celdas con cría 
de obrera, la fertilidad de la varroa fue de un 70%; sin embargo, el porcentaje 
de ácaros que produjo hijas viables fue menor a un 30%. Factores como la 
producción de únicamente estadios inmaduros, ácaros que produjeron cría de 
un solo sexo, ácaros que no se reprodujeron y la mortalidad de ácaros, afectaron 
la producción de hijas viables. Por otro lado, en  celdas con cría de zángano la 
fertilidad de la varroa fue elevada y más de un 50% de los ácaros produjo hijas 
viables. Además, un alto porcentaje de ácaros que no se reprodujo en celdas 
de obrera, produjo cría al ser transferidos a celdas de zángano. Sin embargo, un 
factor que limita la reproducción de varroa en cría de zángano, es la ausencia o 
mortalidad del macho en un porcentaje considerable de celdas. 
 En relación con la dinámica poblacional de varroa y su influencia en la 
condición de la colmena, se encontró un incremento significativo en el nivel 
de infestación de las colmenas a través del tiempo, el cual coincidió con una 
disminución en la cantidad de cría. Asimismo, se determinó la presencia de 
abejas con alas deformes en colmenas altamente infestadas con varroa.
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Samenvatting in het Nederlands

 Varroa is een externe en overdraagbare parasitaire aandoening die 
bij honingbijen zowel het broed als de bijen aantast. Deze bijenziekte 
wordt veroorzaakt door de mijt Varroa destructor Anderson & Trueman 
(Mesostigmata: Varroidae), en staat wereldwijd bekend als een parasiet die de 
meeste economische schade heeft toegebracht aan de bijenhouderij. Deze 
mijt is bovenal een parasiet van het broed, dat zij nodig heeft voor voor haar 
voortplanting. Alhoewel zij een duidelijke voorkeur heeft voor darrenbroed, 
infesteert zij ook werksterbroed.
 Het bestuderen van de voortplanting van de Varroa mijt bij afrikaanse 
honingbijen, is een fundamenteel aspect om de populatiedynamiek te bepalen 
onder tropische condities, waar een bijenvolk het hele jaar door broed heeft. 
Daarom was het hoofddoel van deze studie, de voortplantingsbiologie van 
Varroa destructor te bestuderen in volken van afrikaanse honingbijen, onder 
de tropische condities van Costa Rica. De voortplantingscapaciteit van Varroa 
werd geanalyzeerd voor zowel werkster- als darrenbroed. Tegelijkertijd werd 
ook de populatiedynamiek van de Varroa mijt bestudeerd en diens invloed op 
de conditie van het bijenvolk.
 Voor elke mijt werden de volgende kenmerken geanalyzeerd: 
vruchtbaarheid (nageslacht producerende mijten), de hoeveelheid 
nageslacht geproduceerd per mijt, productie van vruchtbare dochtermijten 
(aanwezigheid van minstens  een volwassen vrouwtjesmijt en een mannetje), 
productie van onvolwassen nageslacht (slechts productie van onvolwassen 
nageslacht), produktie van aleen dochtermijten (mannetje niet aanwezig in de 
cel), produktie van alleen een mannetjes mijt (geen dochtermijten aanwezig 
in de cel), geen produktie van nageslacht.
 In hoofdstuk twee wordt een overzicht gegeven van de voortplanting 
van de Varroa mijt bij de honingbij, en de verschillende bekende resistentie en 
tolerantie mechanismen die afrikaanse honingbijen ten toon spreiden tegen 
de mijt zoals dit wordt beschreven in de meest relevante literatuur. Hierbij is de 
nadruk gelegd op aspecten in de voortplantingsbiologie, zoals vruchtbaarheid 
en produktie van levensbare dochtermijten.
 In de hoofdstukken 3 en 6 worden de resultaten beschreven van de 
experimenten betreffende de voortplantingscapaciteit van de varroa mijt in 
twee groepen bijen: de afrikaanse honingbijen (AHB) en gekruiste bijen (HF1). 
Het bleek dat in beide groepen de Varroa mijt een vruchtbaarheid van 70% had. 
Echter, verschillende factoren beperkten de voortplantingscapaciteit, zoals de 
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produktie van alleen onvolwassen mijten, de produktie van nageslacht van 
slechts één geslacht en mijten zonder voortplanting. De combinatie van deze 
factoren veroorzaakte dat minder dan 30% van de mijten vruchtbare dochters 
produceerde in werksterbroed.
 Aangezien deze onregelmatige voortplanting werd gevonden in 
werksterbroed en verschillende literatuur rapporten aangeven dat de varroa 
mijt een voorkeur heeft voor voortplanting in cellen van darrenbroed, werd de 
voortplantingsbiologie van Varroa in darrenbroed bestudeerd (hoofdstuk vier). 
Hierbij werd gevonden dat meer dan 95% van de mijten zich voortplantten 
en dat 50% van de mijten levensbare dochters produceerde. Het was echter 
opvallend dat in een belangrijk deel van de cellen geen mannetjes mijt 
werd gevonden. De afwezigheid van de mannetjes mijt of diens voortijdige 
dood, brengt met zich mee dat de vrouwtjes niet bevrucht worden en in 
opeenvolgende cycli onvruchtbaar blijven. 
 Verschillende studies geven aan dat de varroa mijt een betere 
voortplanting ten toon spreidt in darrenbroed in vergelijking met 
werksterbroed, zowel in zijn natuurlijke gastheer, Apis cerana, als in europese 
honingbijen. Om de hypothese te testen dat het soort broed van invloed is 
op het reproduktief succes van Varroa in afrikaanse honingbijen, hebben 
we de voortplanting van eenzelfde mijt vergeleken als deze werd overgezet 
van een werksterbroedcel naar een darrenbroedcel (hoofdstuk vijf ). Het 
bleek dat de vruchtbaarheid van de varroa mijt in werkster- en darrenbroed 
nagenoeg hetzelfde was (werksterbroed 76.5%, darrenbroed 79.3%). Echter 
de hoeveelheid vruchtbare dochters die geproduceerd werden per mijt 
in darrenbroed was significant groter dan in werksterbroed. Dit resultaat 
geeft duidelijk aan dat Varroa een groter reproduktief succes heeft in 
darrenbroed, waarbij tot 2.8 maal meer vruchtbare dochtermijten kunnen 
worden geproduceerd per cyclus. De produktie van juist alleen onvolwassen 
nageslacht was significant hoger in werksterbroed, tot in wel 40% van het 
totaal aantal cellen, terwijl dit in darrenbroed minder dan 15% was. Een van de 
belangrijkste resultaten van deze studie was het feit dat een hoog percentage 
mijten die zich niet voortplantten in werksterbroed, zich wel voortplantten 
als ze direct vanuit de werksterbroedcel werden overgezet in een cel met 
darrenbroed, waarbij ze gemiddeld 3.6 nakomelingen produceerden. Uit deze 
resultaten blijkt dat soort broed (werkster of darren) sterk van invloed is op het 
voortplantingsvermogen van de varroa mijt in afrikaanse honingbijen.
 Bepaalde parameters, zoals het haplotype van de mijt (Koreaans of 
Japans haplotype), de vruchtbaarheid en de produktie van vruchtbare dochters, 
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kunnen doorslaggevende faktoren zijn in de waargenomen verschillen in de 
populatie dynamiek van varroa mijten in afrikaanse mijten in Brazilië en andere 
geografische zones.
 In hoofdstuk zeven werd de hypothese onderzocht of omdat in Costa 
Rica het hele jaar door broed in volken van afrikaanse bijen kan worden 
gevonden, de varroa mijt zich het hele jaar door voortplant, daarmee het 
niveau van infestatie verhogend gedurende het hele jaar en de algehele 
conditie van het bijenvolk verslechterd. Het bleek dat de infestatie van de 
varroamijt op volwassen bijen significant toenam tot wel 10%. De toename in 
infestatie van varroa op volwassen bijen bleek samen te vallen met een afname 
in de hoeveelheid  broed. Er werden veel volwassen bijen geobserveerd met 
misvormde vleugels of zelfs zonder vleugels, die zichzelf voortsleepten voor 
de vliegingang van de kast, met name in de volken met de hoogste infestatie 
(meer dan 10%).
 Als conclusie kunnen we aangeven dat het type broed van belang is 
voor de voortplantingscapaciteit van de Varroa mijt in afrikaanse bijen. In 
cellen van werksterbroed, was de vruchtbaarheid van de varroa 70%, maar 
het percentage van mijten die levensbare dochters prodceerden was minder 
dan 30%. Belangrijke hierop van invloed zijnde faktoren zijn; mijten die alleen 
onvolwassen nakomelingen produceren of mijten van één geslacht, of mijten 
die geen nageslacht produceren, en de mortaliteit van de mijten. Anderzijds, 
in darrenbroed was de vruchtbaarheid van mijten veel hoger nl 95%, waarvan 
50% levensbare dochters produceerden. Een factor die de voortplanting van 
de varroamijten in darrenbroed beinvloedt is de afwezigheid of sterfte in een 
behoorlijk groot aantal van de gevallen van het mannetje. Een belangrijk 
resultaat is dat een hoog percentage van de mijten die zich niet voortplantten 
in werksterbroed, wel nageslacht produceerden in darrenbroedcellen. In 
relatie met de populatie dynamiek van varroa en het effect op de algehele 
conditie van het bijenvolk vonden we een significante verhoging  van de 
infestatie van de bijenvolken met de tijd. Deze toename in infestatie van varroa 
op volwassen bijen bleek samen te vallen met een afname in de hoeveelheid 
broed. Er werden veel volwassen bijen geobserveerd met misvormde vleugels 
in de kasten met de hoogste infestatie.
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