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ABSTRACT. Honey bee (Apis mellifera) colonies of African and
European descent were compared for levels of Varroa destructor
infestation in 3 different ecological regions in Mexico. The 300 colonies
that were studied were located in subtropical, temperate sub-humid,
and temperate dry climates. The morphotype and mitotype of adult bees
as well as their rates of infestation by varroa mites were determined.
Additionally, the number of combs with brood and covered with bees
was recorded for each colony. The highest frequency of colonies
that were classified as African-derived was found in the subtropical
environment, whereas the lowest occurred in the temperate dry region.
Overall, the colonies of African genotype had significantly lower mite
infestation rates (3.5 £ 0.34%) than the colonies of European genotype
(4.7 £ 0.49%) regardless of the region sampled. Significant effects
of genotype and region on Varroa infestation rates were evident, and
there were no differences in bee population or capped brood between
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genotypes. Mite infestation levels were significantly lower in the
colonies of the temperate dry region than in the colonies of the other
2 regions. These results are discussed within the context of results
from studies that were previously conducted in Brazil. This is the first
study that demonstrates the effects of Africanization and ecological
environment on V. destructor infestation rates in honey bee colonies in
North America.

Key words: Apis mellifera; Africanized bees; Varroa destructor;
Varroa resistance; Environmental effects; Mexico

INTRODUCTION

Varroa destructor is a parasitic mite that has become the most serious health problem of
the western honey bee, Apis mellifera (Hymenoptera: Apidae) in many countries (De Jong, 1997).
There is evidence that this mite is one of the factors associated with the unprecedented loss of honey
bee colonies recently experienced in parts of Europe and North America (Guzman-Novoa et al.,
2010; Le Conte et al., 2010). Conversely, studies conducted in Brazil suggest that infestations
by Varroa are not a major problem for honey bee colonies in that country, in part apparently
because of the natural resistance in Africanized bees to the mite (Page and Guzman-Novoa,
1997). Additionally, bees of European and African descent differ in their degree of adaptation
to tropical and temperate environments (Winston, 1992), which could also help explain why
Varroa infestations are relatively low in Brazil. Despite this apparent resistance of African-
ized bees to Varroa, if the mite infestation levels are high (>5%), the parasite can severely af-
fect the honey production of their colonies (Arechavaleta-Velasco and Guzman-Novoa, 2000;
Medina-Flores et al., 2011).

Very few studies have attempted to compare honey bee colonies of African and
European descent for their resistance to varroa mites in different ecological regions to si-
multaneously study genotypic and environmental effects on the mite’s parasitic levels. In
one study of this type, Moretto et al. (1991) sampled Africanized and Italian x Africanized
hybrid bee colonies and determined varroa mite infestation rates on adult workers in differ-
ent regions of Brazil; their results showed that climate and bee type influenced varroa mite
infestation rates. Africanized bee colonies, particularly in tropical environments, had lower
infestation rates than colonies of hybrid bees. Later, Moretto and Mello Jr. (1999) demon-
strated the genotypic nature of the resistance of Africanized bees to Varroa infestation in a
study in which Africanized and European workers were co-fostered in common hives. Their
results suggest a pre-adaptation of African-derived bees that makes them less susceptible to
varroa mite infestations.

In the Africanized areas of North America, no studies with the objective of simulta-
neously studying both genotypic and environmental effects on Varroa infestations of honey
bee colonies have been carried out. In Mexico, Africanized bees were first detected in 1986,
and they became well established in all regions of the country 20 years later (Quezada-Euén,
2007; Guzman-Novoa et al., 2011). There is ample information about the degree and process
of Africanization of honey bee colonies in the southeast region of Mexico (Quezada-Euan,
2000; Clarke et al., 2002), but little is known about this process in other areas of the country or
in other regions of North America. The presence of V. destructor in Mexico is more recent; it
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was found in the Gulf coast in 1992 (Chihu et al., 1992), but it took several years to spread to
different regions of the country. Evidently, Varroa has parasitized Africanized bees in Mexico
considerably less time than in Brazil. Because of this relatively recent time of exposure and
because Africanized bee populations in Mexico have gone through many generations of inter-
breeding with European populations of bees, it is possible that they might have become less
tolerant to the mite than bees in Brazil; thus, their difference in tolerance compared with bees
of European descent might not be significant.

Considering the above, studies on the distribution and frequency of African and Euro-
pean bee genotypes and their variation in susceptibility to V. destructor infestations in different
ecological regions of North America would be very valuable. Therefore, the aim of this study
was to determine the frequency of African- and European-derived genotypes of honey bees
and their associated levels of varroa mite infestations in 3 different ecological environments
in Northern Mexico.

MATERIAL AND METHODS
Study areas

Data on colony populations and amount of brood as well as samples of adult worker
bees were collected from 300 commercial honey bee colonies that had not been treated against
varroa mites or requeened for at least 1 year in the State of Zacatecas, Mexico (22°57'N,
102°42'W). The samples were used to determine the African or European ancestry of the bees
as well as V. destructor infestation levels. The presence of Africanized bees and varroa mites in
Zacatecas was first reported in 1991 and 1995, respectively (Guzman-Novoa et al., 2011). The
colonies that were studied were located in 15 municipalities of 3 different ecological regions,
and 100 colonies per region were sampled. The relevant climatic and floral characteristics of
each region are described below.

Subtropical

This region is located 600-1200 m above sea level, has a mean annual precipita-
tion of 850 mm, and its mean annual temperature is 22°C (Instituto Nacional de Estadistica
Geografia e Informatica, INEGI, 2001). It is the lowest, warmest, and most humid of the
3 regions studied, and also has more floral resources of beekeeping value than the other 2
regions. There are 2 main nectar flows that occur during spring and fall from deciduous trees
and bushes.

Temperate sub-humid

This region is located 1200-2000 m above sea level, has a mean annual precipitation
of 780 mm, and its average temperature is 18°C (INEGI, 2001). This region is intermediate
in altitude and temperature between the other 2 regions, and it represents a transition between
temperate and subtropical climates. The region has plenty of floral resources that produce 2
main nectar flows that occur during spring and fall from deciduous and sclerophyllous broad-
leaf trees.
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Temperate dry

This region is located 1600-2600 m above sea level, has a mean annual precipitation
of 470 mm, and its average temperature is 15°C (INEGI, 2001). It is the highest, coldest, and
driest of the 3 regions, and it also has fewer floral resources than the other 2 regions. There are
2 main nectar flows that occur during spring and fall from shrubs, cacti, and weeds.

Assessment of colony population and sample collection

Colonies were assessed and sampled on 2 occasions during May 2010, after the spring
honey harvest. At this time of the year, colonies are populated and have brood in all regions.
Colony populations were estimated by counting the number of frames covered by bees and
those containing capped brood (Delaplane et al., 2013). A frame was counted as 1 unit, only
if it was completely covered by bees or had capped brood on at least 50% of its surface, or
fractions of 1 unit were used when partial coverage of the frame was observed. Regarding
samples, each of them consisted of approximately 300 adult bees that were collected in a glass
jar containing 70% ethanol from brood nest frames in each hive.

Laboratory procedures

To diagnose and determine infestation levels by V. destructor as per De Jong et
al. (1982), the jars with the bees were agitated for 30 min on a mechanical shaker (Eber-
bach, Ann Arbor, MI, USA), and the mites that were dislodged from the bees’ bodies were
strained. The number of bees and mites was counted, and the number of mites per 100 bees
was calculated for each sample. This test was performed twice per colony with an interval
of 2 weeks between samplings, and the average adult bee infestation rate per colony was
calculated.

To determine the morphological type of bees (morphotype), 30 workers per colo-
ny were subjected to the Fast Africanized Bee Identification System (FABIS; Sylvester and
Rinderer, 1987). Additionally, 5 bees per colony were used to determine their mitochondrial
DNA type (mitotype) as per Nielsen et al. (2000). The Varroa infestation and morphometric
analyses of the bees were performed at the Veterinary Academic Unit, University of Zacatecas,
Mexico. Molecular analyses to determine the mitotype of the bees were done at the School of
Environmental Sciences, University of Guelph, Canada.

Statistical analyses

Colonies were classified according to their bees’ morphotype and mitotype for each
of the regions that were sampled, and their frequencies were subjected to chi-square tests
for comparisons. Data on the percentage of adult bee infestation were square-root-arcsine
transformed before subjecting them to analyses of variance, Fisher protected least significant
difference, and #-tests. Nonparametric tests (Kruskal-Wallis and Mann-Whitney U-tests) were
used to analyze data on capped brood and colony population because they were not normal-
ized after transformations. In order to more objectively assess the effect of regions and degree
of Africanization of colonies on varroa mite infestation levels, colonies were separately ana-
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lyzed by morphotype, mitotype, or genotype (colonies that in both classifications were either
European or African-derived). All statistical analyses were performed with the R Statistical
Program (R Development Core Team, Auckland, New Zealand).

RESULTS

There were significant differences in the frequency of honey bee morphotypes among
the 3 study regions (P < 0.01). The highest frequency of colonies with European morphotypes
and the lowest with African morphotypes occurred in the temperate dry region. Conversely,
the lowest frequency of colonies with European morphotypes and the highest with African
morphotypes occurred in the subtropical region (Table 1). Similar results were found for honey
bee mitotypes, with significant differences between the temperate dry and the other 2 regions
(P <0.01; Table 2). These results indicate a higher degree of Africanization in colonies of the
subtropical and temperate sub-humid areas and a lower degree of Africanization in colonies
of the temperate dry area.

Table 1. Number of colonies with honey bees of European or Africanized morphotype in three different
ecological regions of Mexico (N = 100 per region).

Region European Africanized v P

Subtropical 13 87 20.6 <0.0001
Temperate sub-humid 30 70 8.6 0.0034
Temperate dry 62 38 51.2 <0.0001

%? and P values are reported from top to bottom for comparisons between regions as follows: subtropical and
temperate sub-humid, temperate sub-humid and temperate dry, and temperate dry and subtropical.

Table 2. Number of colonies with honey bees of European or African mitotype in three different ecological
regions of Mexico (N = 100 per region).

Region European African v P

Subtropical 70 30 0.2 0.8779
Temperate sub-humid 69 31 9.8 0.0018
Temperate dry 88 12 10.7 0.0011

% and P values are reported from top to bottom for comparisons between regions as follows: subtropical and
temperate sub-humid, temperate sub-humid and temperate dry, and temperate dry and subtropical.

V. destructor was found in most colonies in the 3 regions that were sampled. However,
the parasite was significantly less prevalent in the temperate dry region than in the subtropical
and temperate sub-humid regions (3> = 12.1, P < 0.001; %> = 4.9, P < 0.05, respectively), be-
tween which no differences in mite prevalence were found (P > 0.05). V. destructor was more
prevalent in colonies with European-derived morphotypes and mitotypes regardless of the
region sampled. The percentages of colonies with African- or European-derived morphotypes
where V. destructor was detected in the 3 regions are shown in Figure 1.

In the colonies where mites were detected, the infestation levels were significantly
higher in those containing European-derived morphotypes in the temperate sub-humid and
temperate dry regions, and no differences were detected between the 2 morphotypes in the
subtropical region. Additionally, significant effects of morphotype and region were found on
the level of V. destructor infestation of colonies (F, .. =7.5,P<0.01;F, ___=19.6,P<0.0001,
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Figure 1. Percentage of honey bee colonies positive to Varroa destructor infestation on adult worker bees of
African or European morphotype in subtropical, temperate sub-humid and temperate dry environments. Figures
inside the bars correspond to numbers of colonies.

respectively), but no interaction effects between region and morphotypes were observed
for this variable (P > 0.05; Figure 2). When the data on Varroa infestation levels were
analyzed just for mitotypes, no significant effects of mitotype or of mitotype x region
were detected (P > 0.05), but effects of region were significant (F,,,, = 9.8, P <0.0001).
However, when paired comparisons between mitotypes were carried out for mite infesta-
tion levels, significantly higher levels of varroa mite infestation were observed in colonies
with European mitotype than in colonies with African mitotype only in the temperate dry
region (t;, = 2.01, P <0.05).

A total of 68 colonies had bees with both African morphotype and African mito-
type, whereas 100 of them had both European morphotype and European mitotype. These
168 colonies with extreme “African” or “European” genotypes (morphotype plus mitotype)
were subjected to further analyses to assess their association with V. destructor infestation
levels and with amount of brood and bee populations in the 3 regions that were sampled.
Again, colonies with African-derived genotypes showed lower levels of mite infestation
than colonies with European-derived genotypes regardless of the region, and significant
genotypic and region effects were detected (F, = 4.4, P<0.05; F, . =7.0,P<0.01, re-
spectively), although no interaction effects between genotype and region were found for this
variable (P > 0.05; Figure 3).

There were no genotypic differences in the number of brood combs per hive within
regions, but colonies in the subtropical region had a significantly higher number of brood
combs than colonies in the other 2 regions (H = 21.2, P < 0.0001; Table 3). Regarding adult
bee populations, there were no differences between genotypes or between regions (P > 0.05).

Genetics and Molecular Research 13 (3): 7282-7293 (2014) ©FUNPEC-RP www.funpecrp.com.br



C.A. Medina-Flores et al. 7288

a
a
ab a,b
4 b
c
2 E
l -
0 T T T - -

African European African European African European

Percent infestation
- wn

s

Subtropical Temperate sub-humid Temperate dry

Figure 2. Percentage (= SE) of worker honey bees of African or European morphotype infested with Varroa
destructor in subtropical, temperate sub-humid and temperate dry environments. Figures inside the bars correspond
to numbers of colonies. Different letters above the bars indicate significant differences of means based on ANOVA
and protected LSD tests performed on arcsine-square-root transformed data. Depicted means and SE are actual
nontransformed values.
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Figure 3. Percentage (£ SE) of worker honey bees of African or European genotype (morphotype plus mitotype)
infested with Varroa destructor in subtropical, temperate sub-humid and temperate dry environments. Figures
inside the bars correspond to numbers of colonies. Different letters above the bars indicate significant differences

of means based on ANOVA and protected LSD tests performed on arcsine-square-root transformed data. Depicted
means and SE are actual nontransformed values.
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Table 3. Mean number of frames of capped brood per colony (+SE) for European- and African-derived
genotypes (morphotype plus mitotype) in three different ecological regions of Mexico.

Region European genotype African genotype PU
Subtropical 5.5+0.50° (15) 5.3+0.34*(30) ns
Temperate sub-humid 4.1+0.29°(25) 3.9+0.36" (27) ns
Temperate dry 3.9+ 0.24° (60) 3.4+0.72°(11) ns

Different letters indicate significant differences of means between regions within genotypes based on Kruskal
Wallis and paired Mann-Whitney U-tests at a P < 0.05 for comparisons. Mann-Whitney U-tests were also used to
compare genotypes within regions. Numbers in parentheses are numbers of colonies.

DISCUSSION

This is the first study that demonstrates the effects of Africanization and ecological
environment on rates of infestation by V. destructor in honey bee colonies in North America. The
proportion of colonies with bees of different morphotypes and mitotypes varied significantly
between the study regions. A higher proportion of colonies with European-derived morphotypes
or mitotypes were found in the temperate dry region than in the temperate sub-humid and
subtropical regions, where higher frequencies of African-derived morphotypes and mitotypes
were observed. These results indicate a higher degree of Africanization in colonies of the
subtropical and temperate sub-humid areas and a lower degree of Africanization in colonies
of the temperate dry area, suggesting environmental effects on African gene introgression in
commercial colonies of honey bees.

The differences in the frequency of colonies with predominantly European or African
ancestry between regions may have resulted, at least in part, from differences in climate and
availability of floral resources and nesting sites in the areas. In the temperate dry region that
we studied, blossoms are scarcer, colder temperatures reduce colony reproduction during win-
ter, and its vegetation provides fewer nesting sites than in subtropical regions. Thus, it is less
likely for bee colonies to swarm frequently and to establish feral populations in temperate cli-
mates than in more tropical environments (Otis, 1991; Clarke et al., 2002). Tropical and sub-
tropical regions are more favorable for African gene introgression into commercial colonies
because Africanized bees are better adapted to these environments than are European-derived
bees. They show greater ability to reproduce and spread in the tropics than their European
counterparts (Schneider et al., 2004). The higher density of Africanized colonies of honey bees
in tropical environments allows for increased mating of virgin queens from commercial colo-
nies with African-derived drones (Rinderer and Hellmich, 1991). Additionally, a higher rate of
usurpation of commercial colonies by Africanized bee swarms would be expected in tropical
environments (Danka et al., 1992). In managed apiaries like those sampled, beekeepers had a
European maternal bee lineage before the arrival of Africanized bees in Zacatecas. Therefore,
most of the introgression of African genes in these populations may have occurred paternally,
mainly through mating between virgin queens from commercial colonies and drones of Af-
rican origin that were produced by feral colonies (Clarke et al., 2002). This Africanization
process of commercial colonies would explain why more colonies were classified as African-
derived by morphometric analyses than by mitochondrial analysis, which only detects mater-
nal inheritance.

V. destructor was more prevalent in colonies of European-derived morphotypes than
in colonies of African-derived morphotypes in the 3 regions studied. Additionally, mite in-
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festation rates were consistently higher in colonies of European-derived morphotypes and
genotypes than in colonies of African-derived morphotypes and genotypes, regardless of the
region. These results strongly suggest that colonies of predominantly African descent are rela-
tively less susceptible to Varroa infestations than colonies of predominantly European descent
in a variety of environments. Evidence generated in South America is consistent with these re-
sults because Africanized bee colonies in Brazil have lower mite loads and presumably greater
tolerance to varroa mites than bees of European descent in different climates (De Jong et al.,
1984; Moretto et al., 1991).

Low rates of mite infestation in African-derived honey bee colonies have been associ-
ated with a number of factors, including high swarming and migratory behavior (Otis, 1991),
high levels of expression of hygienic behavior (Guerra Jr. et al., 2000; Vandame et al., 2002)
or grooming behavior (Moretto et al., 1993, 1997; Arechavaleta-Velasco and Guzman-Novoa,
2001; Guzméan-Novoa et al., 2012), reduced susceptibility to mite invasion and reproduction
(Ritter and De Jong, 1984; Guzman-Novoa et al., 1996; Medina and Martin, 1999; Mondragén
et al., 2006), reduced cell size (Message and Gongalves, 1995; Piccirillo and De Jong, 2003),
and other factors of less relevance.

The growth of varroa mite populations in honey bee colonies is influenced by a num-
ber of factors, among which, the amount of brood available for their reproduction plays a
major role (Fries et al., 1994). Brood rearing in colonies largely depends on the availability of
pollen and nectar. Thus, brood rearing and mite reproduction are influenced by environmen-
tal conditions such as climate and food availability. It is likely that this is one of the reasons
why higher Varroa infestation rates were detected in the subtropical and temperate sub-humid
regions than in the temperate dry region. Less resources and a colder environment in the tem-
perate dry region may have resulted in a smaller amount of brood in the colonies and conse-
quently in lower chances for the mites to reproduce in this region.

The fact that higher rates of mite infestation were found in the subtropical and tem-
perate humid regions than in the colder, temperate dry region was unexpected because it was
reported that mite infestation levels in Africanized bee colonies are lower in Brazil’s tropical
environments than in temperate climates (De Jong et al., 1984; Moretto et al., 1991). Differ-
ences in mite fertility rates could offer a plausible partial explanation for these differences
in mite rates for tropical and temperate climates that are reported in this study and in studies
conducted in Brazil. Guzman-Novoa et al. (1999) reviewed the evidence of several studies
conducted in Mexico regarding the susceptibility of Africanized and European bees to the var-
roa mites and compared it with evidence generated in Brazil. The most striking difference be-
tween data from Brazil and those from Mexico was that mite fertility rates in Brazil are much
lower than those reported in Mexico. Lower mite fertility rates would explain, at least in part,
why Varroa infestation levels of colonies are low in Brazil’s tropical environments. Theoreti-
cally, tropical environments would favor Varroa population growth because colonies of honey
bees have brood all year long, which allows the mites to reproduce continuously. Conversely,
in temperate climates, brood production is more seasonal, and mites reproduce mainly during
times of brood abundance and less during winter. If mites reproduce at the same rate on the
brood of bees from African and European descent (which seems to be the case in Mexico; see
Guzman-Novoa et al., 1999), this would result in higher mite infestation rates in tropical envi-
ronments, which was observed in this study. In Brazil, however, less than 60% of the mites are
able to reproduce in Africanized bee brood; thus, mite levels are low in tropical environments
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despite the fact that there is brood available year-round. In the study by Moretto et al. (1991),
it is also possible that mite infestation rates of colonies in the temperate environment were
overestimated in adult bees, presumably as a consequence of less brood being present during
the colder months of the year, which would have increased mite levels in workers.

The results of this study represent the first evidence of variation in susceptibility to
Varroa infestation between colonies of predominantly African and European descent in differ-
ent climatic regions of North America. Vandame et al. (2000) conducted a study in which 20
colonies of 2 bee types were compared for varroa mite infestation rates in a tropical region of
Mexico, and they found lower rates of infestation in colonies of bees that were classified as
Africanized than in colonies of bees that were classified as European. However, Vandame et
al. (2000) evaluated their colonies in only one environment.

Regardless of the specific climatic components and mechanisms of tolerance that in-
teract to maintain lower mite infestation rates in populations of African-derived honey bees
than in European bee populations, the evidence presented in this study supports the notion
that North American honey bee colonies of African descent maintain lower Varroa infesta-
tion levels than colonies of European descent in a variety of ecological environments. These
results support the hypothesis that Africanized bees in North America have not lost their pre-
adaptation to resist varroa mite infestations, although the mechanisms of tolerance against the
mite may be different than those of Africanized bees in Brazil. Additional studies are needed
to further investigate the underlying environmental and genotypic components that allow Af-
ricanized bees in North America to maintain low varroa mite infestations in their colonies.
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