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Abstract: The objective of this study was to compare the hygienic behavior of worker bees (4pis mellifera) as
well as infestation and reproduction parameters of the parasitic mite Varroa destructor between groups of
honey bee colomes with high and low rates of Varroa population growth. More than 150 colonies were screened
for mite fall n early spring and again 16 weeks later. The 10 colonies with the Lowest rates (L) and the 10
colonies with the Highest rates (H) of mite population growth were selected. These 20 colonies were evaluated
for hygienic behavior, brood and adult bee infestation rates and mite reproduction in cells. The amount of brood
and the adult bee population of the selected colonies were also estimated. No differences were found between
the two groups of colonies for brood or adult bee population or for hygienic behavior. However, significant
differences were detected for mite infestation levels and for mite reproduction. Brood and adult bee infestation
rates in the colonies of the H group were 17 and 6 times higher, respectively than in the colonies of the L. group.
The proportion of reproductive mites was 0.92+0.05 in the H colonies vs. only 0.40+0.16 in the L colomes.
Additionally, two times more immature mites were found in singly Varroa-infested cells of H colomies than in
similarly infested cells of L. colonies. Furthermore, the ratio of brood to adult bee infestation rate was
2.4 times greater for the H colonies in comparison with that of the L. colonies. These results indicate
that brood-associated effects may influence the growth of varroa mite populations in honey bee colonies. The

umplications of these results are discussed.
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INTRODUCTION

Varroa destructor 1s a parasitic mite that has become
the most important health problem of the Western honey
bee, Apis mellifera, worldwide. This mite has killed
millions of colomnies, causing the loss of billions of dollars
in agricultural crops (Sanford, 2001). There is evidence
that the varroa mite is one of the factors associated
with the unprecedented loss of honey  bee
colomes recently experienced in parts of Europe and
North America (Stankus, 2008; Guzman-Novoa et al.,
2010; Le Conte et al., 2010).

Several synthetic acaricides have been used to
control V. destructor in honey bee colonies but mite
resistance to the active ingredients in these pesticides has
quickly developed and is now widespread worldwide
(Milani, 1999). Therefore, 1t is possible that mite
populations have become more difficult to control and are
causing more damage to colonies in recent vears. Other
ways of controlling these mites are thus necessary. One

potential approach to controlling varroa mites would be
the development of honey bee strans resistant to
them end several efforts are bemng made m Europe
(Buchler et al., 2010) and the United States (Hunt, 2010;
Rinderer et al., 2010) towards this goal.

Some of the natural mechanisms of resistance against
varroa mites seem to be associated to adaptations that
reduce mite reproduction in bee brood as well as to low
brood attractiveness to the mites (Rinderer ez ai., 2010,
Fries et al., 1994; Martin ef ai., 1997, Harbo and Harrs,
2005; Danka et al., 2011; Locke et al., 2012). Additionally,
hygienic behavior (Spivak, 1996; Spivak and Reuter,
2001; Ibralum et al, 2007) and grooming behavior
of worker bees, Moretto er al. (1993), Moosbeckhofer,
(1997), Guzman-Novoa et al. (1999,  2012),
Arechavaleta-Velasco and Guzman-Novoa (2001),
Rinderer et al. (2001), Mondragon et al. (2005, 2006),
Hunt (2010) and Andino and Hunt (2011} have been
mentioned as other factors of resistance to the varroa
mite.

Corresponding Author: Berna Emsen, Department of Animal Science, Ataturk University, 25240 Erzurum, Turkey
4519



J. Anim. Vet. Adv., 11 (24):4519-4525, 2012

The objective of this study was to compare the
hygienic behavior of worker bees as well as infestation
and reproduction parameters of V. destructor between
groups of honey bee colomes with high and low rates of
varroa mite population growth.

MATERIALS AND METHODS

Screening for high and low Varroa population growth in
honey bee colonies: Experiments were conducted at the
Honey Bee Research Centre of the University of Guelph
i Guelph, Ontario, Canada (43°N, 80°W). A total of
152 honey bee colonies headed by queens of Buckfast
descent, housed in Langstroth hives were initially
evaluated for adult bee population size and for varroa
mite infestation levels during the last week of April
(spring) and 16 weelks later in August (summer). None of
the colonies in the experiments had been treated against
parasitic mites since at least the previous fall.

Colony populations were estimated by counting the
mumber of frames covered by bees. A frame was counted
as 1 unit, only if completely covered by bees and this
included frames in the brood chamber as well as those in
the supers. Deep super frames were counted the same as
brood chamber frames whereas shallow super frames were
counted as 0.5 relative to deep super or brood chamber
frames.

The mite population level of the colomes was
determined by using screened (4 mm mesh) hive bottom
boards containing sticky papers (to trap falling mites) in
the surveyed lives. The number of mites that fell onto the
sticky papers m a period of three days was counted and
divided by 3 to obtain an average mite fall per 24 h.
This evaluation was repeated on three separate and
consecutive occasions over the course of 9 days for each
colony, both m spring and summer. To determme how
much mite populations increased in each colony in
16 weeks, the average mite fall count in the spring was
deducted from the average mite fall count in the summer
and the resulting figure was used to select the colomies
with the highest (n = 10) and the lowest (n = 10) mite
population growth (H and L, respectively from now on).
In the summer, only the colonies of the two selected
groups were additionally tested for hygiemc behavior,
brood area, varroa mite infestation levels in workers and
brood and rates of mite reproduction.

Hygienic behavior evaluations: The hygienic behavior of
worker bees was evaluated in each colony after
freeze killing capped brood contained in four sections
(4 cm diameter each) of a comb using liquid mtrogen as
per Spivak and Reuter (1998). The munber of capped cells

within each frozen section was counted and the frame was
returned to its respective hive. The number of cells that
were uncapped by the bees as well as the number of cells
which after being uncapped had the brood removed was
recorded 48 h after brood freezing. Percentages for cell
uncapping and brood removal were calculated using these
data. This evaluation was repeated on three separate days
for each colony with 72 h between applications of liquid
nitrogen.

Evaluations of brood area: The capped brood area in each
colony was estimated with digital photography. A picture
of each side of brood frames was taken with a digital
camera. The capped brood area from the digital pictures of
each celeny was measured to the nearest cm’ using
Adobe Photoshop® CS2 9.0 with a computer as per
Knoop et al. (2006).

Evaluations of Varroa infestation levels and mite
reproduction: Mite infestation levels on adult bees and
worker brood were determined as follows. For adult bees,
a sample of approximately 200 worlcers was collected from
the brood frames of each hive in a jar contaimng 70%
ethanol. The bees and the ethanol were transferred to a
modified 1 1. Nalgene plastic container which was
internally separated into two compartments by a 3 mm
screen placed horizontally near its bottom and shaken for
30 min on a shaker machine (Eberbach, Ann Arbor, MI,
USA). The bottom of the container was removed and the
mites were washed out into a tea strainer (1 mm mesh).
The number of bees was calculated by weighing the
sample and by dividing the total weight by 0.186 g, the
average weight per bee. This average was obtained by
weighing 100 single ethanol-soaked bees in preliminary
assessments. The number of mites per 100 bees was
calculated for each sample. This test was performed three
times per colony and an average adult bee infestation rate
was calculated.

The brood evaluations consisted of selecting two
combs of capped brood from each colony. On each brood
comb, 250 cells containing pupae with tanned body were
manually uncapped and the contents examined under a
stereoscopic microscope to determine brood infestation
by varroa mites and to detect reproduction where single
foundress mites were found; mites without offspring were
considered infertile.
reproduction were calculated. Additionally, the numbers
of immature mites found in singly infested cells were
counted and mean numbers of immature parasites per cell
were obtained for the two colony groups. Ratios between
the number of mites found in 100 worker brood cells and

Rates of mite infestation and

the number of mites found on 100 adult bees were
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obtained to determine proportion of mites in brood and
adults as a possible indication of broed attractiveness.

Statistical analyses: A paired comparison of L and H
colonies for the variables measured was done. The data
on percentage of uncapped cells and removed brood were
arcsine square root transformed and subjected to student
t-tests. The data on reproductive parameters were
analyzed with Mann Whitney U tests because they were
not normally distributed and could not be normalized with
transformations. All statistical analyses were performed
with the R-Statistical Program (R Development Core Team,
Auckland, New Zealand).

RESULTS AND DISCUSSION

Mite and bee population growth: No differences were
found between L and H colomes for the number of mites
dropped on sticky boards in the spring (p=>0.05) but
significant differences were detected for this variable in
the summer (p<<0.001). Mite fall counts were 11 times lower
i the L colonies compared to the H colonies and mite
populations increased by 30 fold in H colonies, compared
toa 2 fold merease in L colonies (Table 1). Regarding bee
populations, no differences were detected between 1. and
H colomies neither in the spring nor mn the summer
(p=0.03). Furthermore, there were no differences in
brood area between the two groups of colomes
(p=0.05; Table 1).

Hygienic behavior evaluations: Bees of H and 1. colonies
did not differ for cell uncapping (t = -1.34; df = §;
p = 0216) or removal of frozen brood (t=-1.44; df =§;
p = 0.188) although 1. colonies had slightly higher scores
for these variables (Fig. 1).

Adult bee and brood infestation rates: Adult bees and
brood of H colomes were significantly more infested with
varroa mites than workers and brood of L. colonies
(p<0.001). The difference in adult bee and brood
infestation rates between the two groups of colonies was
6 and 17 times, respectively. Additionally, the ratio of
brood to adult bee infestation was 2.4 times greater in H
colonies m comparison with L colomes and the two
groups differed significantly (p<0.05) for this parameter
(Table 2).

Varroa mite reproduction: A significantly higher
proportion of Varroa foundress mites reproduced in H
colonies relative to female mites m L colomes (p<0.01).
Additionally, two times more immature mites were found
m singly Vamroa-infested cells of H colomes than in
similarly infested cells of I colonies (Table 2).

Mite and bee population growth: No significant
differences were detected in varroa mite populations
between colonies in the spring but significant differences
were evident 16 weeks later between L and H colony
groups. Mite fall increased =30 times in the H colonies but

Table 1: Mean Varroa destructor and Apis mellifera populations per
colony (=SE) estimated in colonies showing low (L, n = 10) and
high (H, n = 10) mite population growth in a period of 16 weeks

Population variable! L H JO8 P?

Mite fall spring 3.5+0.80 2.941.10 365 0.3022
Mite fall summer 7.8+1.40 88.8+7.40 5.5 0.0007
Mite population growth 4.34£1.10 85.9+1.40 2.0 0.0003
Bee population spring 15.3£2.00 13.9+210 425  0.5665
Bee population summer 17.9+£2.50 17.4£2.50 42.5 0.5623
Brood area 3862.1£76.6  3924.1+91.7 100 0.6015

'Mite populations were measured as number of mites fallen per day on sticky
boards whereas adult bee populations were calculated from number of frames
covered by bees. The amount of brood was measured in cm? using digital
photography; *Comparisons and p-values within the same row indicate
gignificant differences between I. and H colony groups based on Mann
Whitney U-tests

Table 2: Mean number of adult Farrea destructor mites in 100 worker
cells or 100 worker bees or proportion of reproducing female mites
or number of irmmature mites per reproductive foundress mite
(xSE). These wvariables were estimated in colonies
showing low (L, n = 10) and high (H, n = 10) mite population
growth in a period of 16 weeks

Variable L H 2 P2
Mites/100 Cells (MC) 0.8+0.100 13.7+4.900 0 0.0002
Mites/100 Bees (MB) 1.1+£0.200 7.0£1.400 0 0.0002
MC/MB ratio' 0.7+£0.200 1.7£0.300 18 0.0275
Proportion of reproducing  0.40+0.16 0.92+0.05 24 0.0240
foundress mites

Immature mites/cell 1.65+0.35 3.1540.29 14 0.0051

'A ratio between the number of mites in 100 worker cells and the number of
mites in 100 adult bees was obtained; *Comparisons and p-values within the
game row indicate significant differences between 1. and H colony groups
based on Mann Whitney 17 tests

90
80 Uncapping
704 I
60
504

401

Uncapping

Removal

I Removal

Percentage

Low High
Colony groups

Fig. 1: Hygienic behavior of honey bee colonies with high
and low Varroa population growth. Percentage of
cells in comb sections containing freeze-killed
brood that were uncapped and percentage of
pupae that were removed (£SE) by worker bees
48 h after being introduced into honey bee
colonies showmg low (n = 10) and high (n = 10)
mite population growth in a period of 16 weeks
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only 2 times in the L. colonies and the difference in Varroa
population growth between H and 1. colonies was 20 fold.
It 1s umbkely that these dramatic differences in maite
mcrease had happened by chance. It i1s more plausible
that they resulted from differences in genotypic resistance
to the mite between the two groups of colonies.

It has been found in earlier studies that colonies with
lower varroa mfestation rates may also have less
brood or adult bee populations than colonies with high
varroa infestation rates (Locke and Fries, 2011), possibly
as a comsequence of host adaptations so that the mites
have less brood cells to reproduce. However, mn this
study, worker bee population and amount of brood
probably did not influence mite populations because there
were no significant differences between both groups of
colonies neither for worker bee population nor for amount
of brood. Therefore, other factors were probably
responsible for the
population growth.

differences observed m mite

Hygienic behavior evaluations: Colonies of the L. group
uncapped and removed a higher percentage of frozen
brood than colonies of the H group but these differences
were not significant. Therefore, the results do not indicate
that hygienic behavior was an important factor in
restraining Varroa population growth in the colonies
evaluated. Other studies have suggested that hygienic
behavior may provide some degree of resistance to varroa
mites in honey bee colonies (Spivak and Reuter, 2001,
Tbrahim et al., 2007, Danka et al., 2011) however that has
not been evident in other reports (Locke and Fries, 2011),
like m this case. The lack of consistency between different
studies regarding the effect of hygienic behavior on the
resistance of honey bees to Varroa may be due to
differences in experimental settings, genotypes and
assays used locality effects and V. destructor strains
among other potential causes.

Brood (B) and Adult bee (A) infestation rates and B/A
ratio: Significant differences were observed between L
and H colonies for rates of varroa mite infestation in
brood and adult bees in the summer which confirms the
differences found in mite population growth for the same
colonies. Interestingly, the two groups of colomies also
varied for the ratio of Varroa infestation between brood
and adult bees. A significantly higher proportion of
parasitic mites were infesting adult bees rather than brood
i L colonies in comparison with H colomes where most
of the mites were infesting the brood. This result suggests
that it was more likely that a higher proportion of mites
reproduced in H colomies than in L colomes because n L
colonies, most of the parasites were phoretic. Long

phoretic periods would result in fewer opportunities for
mite reproduction and in higher chances of being
groomed off the bees’ bodies. It 13 not possible to know
why these differences i ratios of brood to adult bee
infestation occurred because the experiments conducted
do not permit a deeper analysis of this matter. However,
like 1n the case of L colonies, other studies have also
found lower proportions of varroa mites mfesting brood
than infesting adult bees which may be related to
lower brood attractiveness to the mites (Harbo and
Hoopingarner, 1997; De Guzman ef al., 2007, 2008). It 1s
also known that cuticular compounds on the brood can
inhibit or favor the reproduction of varroa mites
(Trouiller and Milani, 1999; Garrido and Rosenkranz,
2003; Rosenkranz and Garrido, 2004). Therefore, the
identification of chemical differences m the brood of
honey bee genotypes that vary in Varroa resistance,
seems like a sensible step to follow in further studies
aimed at finding new traits that could be useful in honey
bee breeding programs.

Varroa mite reproduction: Mites in L colonies
reproduced significantly less than mites n H colomes.
Together with differences in the proportion of mites
parasitizing brood relative to adult bees, this is the most
significant result of the study. Numerous reports exist in
the literature about the relationship between low rates of
Varroa reproduction and lower rates of mite infestation in
honey bee colonies (Ritter and De Jong, 1984,
Rosenkranz and Engels, 1994; Harris and Harbo, 1999,
Martin and Medina, 2004, Mondragon et al, 2005;
Locke and Fries, 2011). However, a clear association
between resistance to mite population growth and low
mite reproduction rates has not been sufficiently
documented in the literature.

The effect that brood seem to have on reduced
varroa mite reproduction is at least in part, genetic in
nature. Recently, Behrens et al. (2011) found three QTLs
related to suppression of Varroa reproduction m a
population of honey bees. Additionally, it has been
suggested that brood of selected bee genotypes
differentially favor or suppress Varroa reproduction and
we are Just beginming to understand the underlying basis
of these effects. Harbo and Harris (1999) were able to
breed bees for a trait they called Suppression of Mite
Reproduction (SMR) by selecting and reproducing
queens from colonies showing a high proportion of
infested cells where female mites did not reproduce.
Further studies showed that the SMR trait was in part a
result of the actions of highly sensitive workers that
uncapped cells containing brood with reproducing mites
and removed a high proportion of them before bee

4522



J. Anim. Vet. Adv., 11 (24):4519-4525, 2012

emergence (Harbo and Harris, 2003, Tbrahim and
Spivak, 2006). Additionally, it has been found that when
foundress mites escape from brood removed by sensitive
bees they may have reduced reproductive success when
they re-infest other cells (Kirrane ef af., 2011). This trait,
now called varroa sensitive hygiene or VSH could have
been a factor in the results but researchers did not test for
this particular trait; future evaluation of these bee
populations for VSH is thus warranted In addition to
VSH, apparent low mite reproduction may be also
influenced by brood associated factors that cause
infertility in the mites (Harris et al., 2010; Danka et al.,
2011; Kirrane et al., 2011).

Other factors accounting for honey bee resistance to
Varroa: It has been demonstrated that grooming behavior
may also contribute to the resistance of some colomies
of honey bees to Varroa (Ruttner and Hanel, 1992
Fries et al., 1996, Rosenkranz ef ai., 1997, Moosbeckhofer,
1997: Arechavaleta-Velasco and Guzman-Novoa, 2001
Rinderer et al, 2001, Mondragon et al., 2005, 2006,
Hunt, 2010; Andino and Hunt, 2011). In fact, some of the
same colonies used in this study were also tested along
with colonies of other genotypes in a study aimed at
evaluating grooming behavior (Guzman-Novoa et al.,
2012). It was found that bees of colonies selected for
low mite population growth performed sigmificantly
more instances of intense grooming and removed a
significantly higher number of mites from their bodies
compared with the susceptible genotypes.

CONCLUSION

Based on the overall results of this study as well as
on the results of other studies earlier, it may be
hypothesized that could be
interacting, effecting in parallel the growth of mite

several mechanisms
populations in honey bee colonies which may result in the
successful limitation of varroa mite populations. This
could be the case of brood-associated effects causing
reproduction, (e.g., broed
attractiveness and induced mite infertility) coupled with
a higher expression of grooming behavior and possibly

reduced mite lower

hygienic behavior.

This study shows that the for practical purposes,
beekeepers could select for low Varroa population growth
to take advantage of several mechanisms working in
synergy to provide resistance to honey bees against the
mite. However, the relative importance of different
mechanisms limiting Varroa population growth remains to
be mvestigated.
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