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Abstract — A one year study was conducted to evaluate the population growth of three kinds of honey bee
colonies and Varroa destructor mites in Mexico, and to estimate the relative contributions of three
resistance mechanisms of the bees: hygienic behavior, grooming behavior, and reproductive ability of the
parasite. Very significant changes over the year were observed in the number of mated female offspring
produced per mother mite (Wr), mite fertility and mutilation of V. destructor. These changes were correlated
to the total number of mites per colony. A factorial analysis showed that two mechanisms explained the
variation in the amount of mites per colony: Wr (2 = 0.73) and proportion of mutilated mites (% = 0.51). A
multi-factorial model including these two mechanisms was significant (2 = 0.97). The mite fecundity and
the hygienic behavior could not explain the population changes of the mite, and the different kinds of bees
showed no differences in the expression of the resistance mechanisms.

Varroa destructor | Africanized honeybees / mite reproduction / hygienic behavior / grooming

behavior / resistance / population growth

1. INTRODUCTION

The host-parasite relation between Apis mel-
lifera L. and Varroa destructor Anderson and
Trueman has become an interesting model to
study the mechanisms used by social insects to
defend themselves against parasites. Although
the mite has caused severe losses of honeybee
colonies and has eliminated wild bee populations
in temperate climates (Webster and Delaplane,
2001), it does not appear to be a serious pest in
regions of the world where the Africanized
honey bees (AHB) exist. Low infestation levels
of V. destructor in AHB have been reported and
different mechanisms of resistance of the bees
to the mite have been described (Guzman-
Novoa et al., 1999). Although the term ‘resist-
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ance’ from a parasitological point of view
implies a real cost to the host (Vandame et al.,
2002), we use the term in a wider sense: any sit-
uation in which the V. destructor population is
maintained at a level sustainable for the honey
bees colonies. In this sense, resistance includes
mechanisms of defense of the host, mecha-
nisms of the parasite to avoid harming the host,
or neutral (unselected) mechanisms.

On its original host, the Asian bee A. cerana
Fabr., the mite is not a serious pest, because it
does not reproduce successfully on worker
brood (Koeniger et al., 1981). Consequently
the total number of V. destructor within an
A. cerana colony is always low (< 800). In
AHB colonies, the mite can reproduce in
worker brood cells, which are more abundant
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than drone brood cells, and V. destructor pop-
ulations stabilize between 1000-3000 mites
without killing the colonies (Vandame et al.,
2000; Medina et al., 2002). In European hon-
eybees (EHB), the mite populations are able to
increase 4-fold annually in tropical regions
(Vandame et al., 2000), causing colony death
within one year because as few as 2000-
3600 mites are enough to kill an EHB colony
according to a model approached by Martin
(2001) for honeybees from Europe.

There are several mechanisms used by hon-
eybees to defend themselves against the para-
site. A review by Guzman-Novoa et al. (1999)
in Mexico showed that EHB brood was twice
as attractive to V. destructor than AHB brood,
the removal of naturally infested brood in AHB
was four times higher than in EHB, and AHB
workers were more efficient in grooming mites
from their bodies.

The reproductive success of V. destructor on
AHB is highly variable. The best measure of
successful reproduction in V. destructor is the
number of mated female mite offspring pro-
duced in worker brood cells per foundress per
reproductive cycle (Wr; Martin and Medina,
2004). This measure takes into account only the
females that contribute to the population
growth (Corréa-Marques et al., 2003), since the
mature female offspring have a high probabil-
ity of having been mated (Donzé et al., 1996).
Medina and Martin (1999), in a comparative
study, found an important difference in the Wr
in different countries: 0.73 for AHB in Mexico
compared to 0.92 for EHB in the UK. This dif-
ference seems to partially account for the sta-
bilization of the mite population growth in
AHB between 1000-3000 individuals and an
increase of V. destructor populations in EHB
until the colony dies (Martin and Medina,
2004). In Brazil, low mite fertility (25-57%;
Martinetal., 1997) is reported to be responsible
for bee resistance to V. destructor (Ritter and
De Jong, 1984; Rosenkranz and Engels, 1994).
Nevertheless, in AHB from Mexico, mite fer-
tility does not seem to be the main reason for
bee resistance because its level (83-96%;
Medina et al., 2002) is similar to the reported
for EHB from Europe (76-94%; Martin et al.,
1997).

Hygienic behavior is considered a mecha-
nism of resistance to Varroa through the bees’

detection, uncapping and removal of infested
pupae (Boecking and Spivak, 1999; Peng et al.,
1987a). Vandame et al. (2000) found in Mexico
that the 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. At the same time, they
described a natural seasonal cycle in the para-
site population, but a relation between this phe-
nomena and changes in hygienic behavior
through time was not investigated. European
colonies selected for hygienic behavior in the
USA had lower mite levels and produced more
honey than unselected colonies (Spivak and
Reuter, 1998a, 2001); however, selection for
hygienic behavior alone is not a sufficient
resistance mechanism. Bees probably require
multiple mechanisms to confer resistance; i.e.,
to survive without treatment.

Another mechanism of resistance is groom-
ing behavior (Peng et al., 1987b). Through it,
a worker bee is able to groom herself with her
legs and mandibles to remove the mite and then
injure it (Peng et al., 1987b). Arechavaleta-
Velasco and Guzméan-Novoa (2001) found in
Mexico that the decrease in the mite infestation
levels could be due to the proportion of injured
mites within a random sample as result of
grooming.

It is interesting to focus on the situation in
Mexico, where many authors have studied the
host/parasite relationship, but few studies have
evaluated the effects of resistance mechanisms
in a multifactorial way, through time and with
naturally infested colonies.

The aims of the present study were thus (1)
to estimate the changes of the population of
mites and bees in honeybee colonies through an
annual cycle, (2) to estimate the changes
through time of hygienic behavior, grooming
behavior, and reproduction of V. destructor in
the same colonies, (3) to study if the defense
mechanisms can explain, in a factorial and mul-
tifactorial way, the variation in the population
of the parasite over time, and (4) to determine
if honeybee colonies with European-hygienic
queens and European commercial queens, nat-
urally mated with Africanized drones, have dif-
ferent responses compared to AHB colonies in
the aforementioned measures.
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2. MATERIALS AND METHODS

The study was conducted from February 2003
through January 2004, in an apiary near the city of
Tapachula, State of Chiapas, Mexico (14°50" N,
92°16’ W). This region has a sub-humid tropical cli-
mate, an altitude of 120 meters, a mean annual tem-
perature of 26 °C (ranging from 19-39 °C), and a
rainfall average of 1346 mm yearly (Garcia, 1973).
The rainy season runs approximately from May to
October. The nectar flow begins almost one month
after the end of the rains, finishing in March or April.
The bees collect considerable amounts of pollen dur-
ing the rainy season, particularly in August and Sep-
tember.

2.1. Establishment of honey bee colonies

In 1999, 30 feral colonies were sampled in the
region of study and were analyzed morphometrically
through the program USDA-ID 2.0 (Rinderer et al.,
1993). According to this multivariate analysis, the
projection on the first discriminant axis had a mean
factor of —2.12 + 1.13, showing that the population
was Africanized. Since no major introduction of
bees in the region has occurred since then, the hon-
eybee colonies used in this study most likely had the
same level of Africanization as they did in 1999.
Moreover, the colonies have never been treated to
control V. destructor since the arrival of the mite in
the region in 1994.

Five months before the beginning of the study
several hygienic artificially inseminated and com-
mercial European queens were imported from USA
to Tapachula. The first ones came from the stock of
selected hygienic queens developed at the Univer-
sity of Minnesota by Spivak and Reuter (1998a) and
reared by a queen breeder (Glenn Apiaries, Califor-
nia). The second ones were imported from a com-
mercial queen breeder in the US. These queens were
used to rear daughters in the queen rearing station of
Ecosur in Tapachula, and were naturally mated with
Africanized drones. These daughters were the genetic
source to form the two kinds of mixed colonies stud-
ied: European-hygienic x Africanized (EHA) and
European-commercial x Africanized (ECA).

The study began with 46 colonies (16 AHB,
15 EHA and 15 ECA) in February 2003. Estimates
of bee and mite populations, and resistance mecha-
nisms were made in each colony every 5 weeks. This
period corresponds to approximately two mites gen-
erations (12 days in worker cells and approximately
5 days on adult bees for each generation; Fries et al.,
1994). In a preliminary study in the previous year,
we detected a decrease in mite and bee populations
in May, so we decided to make two estimates in May
2003. Thus, a total of ten samplings were made over
12 months.

2.2. Bee population estimates

Visual estimates of the comb area occupied by
worker and drone sealed brood were made. Approx-
imately 7000 worker brood cells fill a comb in AHB
colonies; thus, we used a scale from O to 1 for each
comb (0.1 units corresponding to approximately
700 cells). The same was done with drone brood
cells, but making a correction of 1.4 x). The adult bee
population was estimated visually using a scale from
1 to 5, corresponding to 10 000 to 50 000 bees. This
method was compared and validated with the ones
used by Calis et al. (1999). All categorical variables
were transformed into continuous variables for sta-
tistical analysis.

2.3. Varroa population estimates

At each sampling time, a sample of 150 to
200 bees was collected from the central brood
frames of each hive into 70% ethanol to determine
the percentage of infestation of mites on adult bees.
At the same time, at least 100 worker and 30 drone
brood cells were uncapped, to determine the propor-
tion of mites in brood.

The total adult population of V. destructor was
estimated by summing the estimated number of
mites in brood (infestation level in brood x sealed
brood) and the estimated number of mites on adults
(infestation level on adult bees x adult bee popula-
tion).

2.4. Resistance mechanisms estimates

2.4.1. Hygienic behavior

The hygienic behavior of each colony was meas-
ured using an assay described by Spivak and Reuter
(1998b) in which approximately 150 cells contain-
ing sealed brood were freeze-killed with liquid nitro-
gen. The frames with the frozen brood were reintro-
duced in the hive and the amount of freeze-killed
brood completely removed after 48 h was recorded.

2.4.2. Mutilated mites

As an estimator to evaluate a possible effect of
grooming behavior, the proportion of mites with
injured legs was measured following Ruttner and
Hinel (1992). Because we observed several foun-
dress mites with damaged idiosoma producing nor-
mal offspring, this type of injury was not considered.
A paper smeared with shortening and protected by
a mesh screen was placed on the bottom board of
each colony for 48 hours. In the laboratory, 90 to
110 adult mites were collected from the paper, fol-
lowing the methods and precautions of Bienefeld
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et al. (1999). The proportion of mites with injured
legs in the sample were recorded with the aid of a
stereoscopic microscope.

2.4.3. Varroa reproduction

Samples of sealed worker brood (5 x 7 cm section
approximately), older than 230 hours (gray pads
stage, according to Martin, 1994) were collected at
each sampling period and were immediately stored
at—>5 °C. Inthe laboratory, from 100 to 300 cells were
carefully opened. The pupae and the complete mite
family of cells invaded by a single mother mite
(Fuchs and Langenbach, 1989) were removed with
a fine brush and examined at 10x in a microscope.
Each V. destructor developmental stage was recorded
using the ontogenic developmental charts in Martin
(1994).

To determine the reproductive success of the
mites, the following data were recorded: (1) percent
of cells containing mother mites that reproduced
(fertility), (2) total offspring per mother mite (fecun-
dity), and (3) number of mated adult female off-
spring produced per mother mite (Wr). Sometimes
the offspring die before reaching the adult stage, and
can be missed. If this was the case, a closer look
within the cell, on the bee pupae or on the bee exu-
viae, revealed the presence of the dead mite or con-
firmed its absence. To determine if a female mite was
adult, viable and mated, we used the presence of the
following evidence: (a) an alive adult male, (b) the
male and female exuviae shed from her body, (b) if
the exuviae was not found, the color of the mite had
to be from mid-light to dark brown, and her body was
analyzed to ensure it was not still covered with its
exuviae.

The methods for recording the three reproductive
factors (fertility, fecundity and Wr) are the same as
those reported by Corréa-Marques et al. (2003).

2.5. Statistical analysis

Of the initial 46 colonies, 18 (6 AHB, 6 EHA and
6 ECA) still contained the original queens and
offered a complete set of data. For these 18 colonies,
the estimators used to study the changes in bees and
mites populations (including measure of resistance
mechanisms) were analyzed separately using arepeated
measures 2-way ANOVA (SPSS Inc, 1999) to deter-
mine variations through time and to define if some
differences existed among the three type of honey-
bee colonies. Because the repeated sampling of the
same honeybee colonies introduced considerable
risk of temporal non-independence, we verified the
absence of interaction among sample period and bee
type (Underwood, 2001). The data obtained were
checked for normality and arc-sin transformed data
were used for percentage values.

Regression and correlation analyses were per-
formed on the 18 surviving colonies to determine if
the variation in mite population through time could
be explained by any of the defense mechanisms stud-
ied. Finally, to study a possible multiple effect of the
factors, amultifactorial analysis was performed (SPSS
Inc, 1999).

3. RESULTS

3.1. Colony survivorship and sample
size for analysis

Of the original 46 colonies, 25 survived until
the end of the study, 18 of them with the orig-
inal queens (6 of each bee type studied) and 7
with superseded queens. The other 21 colonies
were lost for the following reasons: their pop-
ulation declined until the colonies died or
absconded due to being highly infested with
wax moths (6 colonies); the virgin queen died
after the colony swarmed (4 colonies); or they
absconded (11 colonies). We do not know if the
mites were responsible for triggering the colo-
nies to abscond. No chalkbrood or foulbrood
was present in the dead colonies.

In a preliminary analysis, we found that
there were no differences in the populations of
bees and mites between the data sets when all
the colonies were included and when only the
18 surviving colonies with the original queen
were used. Therefore, only the 18 surviving col-
onies, six from each bee type, were analyzed.

3.2. Honeybee population estimates

Bee populations of the 18 colonies varied
significantly through time, and among the three
bee types (Fig. 1). The amount of sealed worker
brood showed a natural decrease beginning in
February (in the middle of the nectar flow), and
reached a minimum value in the second half of
May (at the beginning of the rainy season). It
then increased to reach a maximum level in
October (toward the end of rainy season). The
adult bee population showed the same trend but
with a lag time of one-sampling period.

Because the amount of drone brood in the
colonies was highly variable or absent, it was
not possible to perform an analysis of variance.
Nevertheless, we observed an obvious decrease
in drone brood in May because in 17 colonies
it was absent; whereas from October to January
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Figure 1. Estimated mean numbers (+ S.E.) of adult bees (dotted lines) and sealed worker brood cells (solid
lines) for the 18 colonies studied (AHB = 6, EHA = 6, and ECA = 6).

in 16 colonies drone brood was present. Mean
annual number of drone pupae was 748.9 +
1219.6, with minimum and maximum means of
77.8 +162.9 and 1763.9 + 1783.2 throughout
the year.

3.3. Mite population estimates

Over the period of study, there was a natural
decrease in mite populations, reaching signifi-
cant minimum values in June and August and
then increasing by more than a factor of three
to reach maximum populations in December
(Tab.1, Fig. 2). A significant interaction among
sample period and bee type was found in the
worker brood infestation level, but not in the
estimated total number of mites (see Tab. I).

To analyze the variation in the total number
of mites, we eliminated the data from February
because we found an interaction between sam-
ple period and bee type in this month (F =2.65;
df =18, 150; P = 0.001). The total number of
mites varied significantly through time, and
there was no variation among the different bee
types. The mean annual number of mites
(= S.D.) per colony was of 3786.5 + 2444.2.
Although it was not possible to analyze the dif-
ferences in drone brood infestation, the popu-
lation growth of V. destructor was not different
when the drone brood mite population was
included, with slight exceptions during the first
and the last months (Fig. 2).

3.4. Resistance mechanisms estimations

The AHB colonies removed significantly
less freeze killed brood than the EHA and ECA

colonies (Tab. II, Fig. 3). Overall, the colonies
removed significantly more dead brood in
August and less in January.

Levels of mutilated mites showed no differ-
ences among the three bee types, but there was
asignificant variation over the year, with a min-
imum level of injured mites in January, and
maximum levels from May to September
(Tab. II, Fig. 3).

In total, 2022 worker cells invaded by a sin-
gle mother mite were analyzed to estimate the
mite reproductive factors. Mite foundress fer-
tility showed significant differences over the
period of study, but not among bee types. The
mean annual percentage of mites that repro-
duced was 85.5% = 15.5, with a minimum level
observed in June (Fig. 4). There were no dif-
ferences in the mean number of offspring pro-
duced per mother mite through time, or among
bee types. Mean fecundity was 4.1 + 0.7 mites
per mother. The number of mated female mite
offspring produced per foundress mite (Wr)
showed highly significant differences over the
year, but not among honeybee colonies. Mean
annual Wr for all bee types combined was
0.88 +0.423 with a conspicuous period of min-
imal Wr in June and a maximum in February
and October (see Tab. II for details and Fig. 4).

3.5. Relation between mite population
and resistance mechanisms

We hypothesized that if the resistance mech-
anisms have an effect on mite population
growth, their impact should be noted some time
after their estimation, not immediately. Thus,
we used the succeeding sampling period (a
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Table I. Mean values and differences in the bee colonies and mite population estimations between
Africanized (AHB; n = 6), hygienic European x Africanized (EHA; n = 6), and commercial European x
Africanized colonies (ECA; n = 6) throughout the 10 sampling periods. Differences between mean values
are based on an ANOVA and HSD Tukey’s test (P < 0.05). Statistical tests are based on arc-sin transformed
data of percentage values, but untransformed means and S.D. are expressed here (Hb = honeybee type;

Sm = sampling period; Hb x Sm = interaction).

Population Honeybee = Annual mean + S.D. Repeated measures

Estimator type 2-way ANOVA

Number of worker All types 17118.9 +£5790.5 Hb F=18.5;df=2, 150; P <0.001

brood cells AHB 20078.3 + 5806.5 a Sm F=7.24;df=9, 150; P < 0.001
EHA 15143.3 +£5691.2 b HbxSmF=1.1;df=18, 150; P = 0.361
ECA 16135.0 + 4665.4 b

Number of All types 31027.8 +7524.6 Hb F=14.0; df =2, 150; P < 0.001

adult bees AHB 34250.0 + 6878.2 a Sm F=4.38;df=9,150; P <0.001
EHA 30833.3 + 8034.2 b  HbxSmF=1.1;df=18, 150; P =0.348
ECA 28000.0 + 6324.6 c

Adult bee All types 6.7+5.1 Hb F =6.0; df =2, 150; P =0.003

infestation (%) AHB 56+39 a Sm F=8.5;df=9, 150; P <0.001
EHA 65+58 bc HbxSm F=14;df=18,150; P=0.122
ECA 79+52 c

Worker brood All types 10.7 +7.8 Hb F=2.8;df=2,150; P =0.064

infestation (%) AHB 9.0+£58 a Sm F=6.1;df=9, 150; P < 0.001
EHA 12.7+9.6 a  HbxSm F=2.6;df=18, 150; P =0.001
ECA 10.5+7.3 a

Total number All types 3786.5 +2444.2 Hb F=23;df=2,135; P=0.105

of mites AHB 3713.0 £2376.2 a Sm F =12.9; df=8, 135; P < 0.001
EHA 3839.6 +2835.1 a  HbxSmF=0.95;df=16, 135, P=0.516
ECA 3806.8 £2105.1 a (*)

(*) 2-way ANOVA on all sample periods data excluding that of February.

lapse of two mite generations) to evaluate the
effects of resistance mechanisms on V. destruc-
tor population changes.

A positive correlation was found between
Wr and the estimated number of mites in the
succeeding sampling period (r = 0.855; P =
0.002; n=9), a simple linear regression analy-
sis between these two variables showed a sig-
nificant relationship explaining 73.2% of the
variation (r2=0.732; P=0.003; n=9; Fig. 5a).
A positive correlation between fertility and
estimated number of V. destructor per colony
was found (r=0.718; P=0.015; n=9); the sim-
ple linear regression analysis showed a signif-

icant relationship where fertility explained
51.6% of the variation in total number of mites
(1?=0.516;P=0.03;n=9; Fig. 5b). A negative
correlation was found between the proportion
of injured mites and total number of mites in the
colonies in the succeeding sampling period (r =
-0.711; P =0.016; n = 9). A linear regression
between these two variables showed a signifi-
cant relationship explaining 50.6% of the var-
iation (< = 0.506; P = 0.032; n = 9; Fig. 5c).
No significant correlation was found between
hygienic behavior and total number of mites
per colony in the next sampling period (r =
0.03; P=0.469; n=9).
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Figure 2. Estimated mean numbers (+ S.E.) of mites for the 18 colonies studied (solid line); the data are
pooled since there was no significant difference between the three bee types. The mean number of mites
including mites inside drone brood cells is also shown (dotted line).

Multiple regression analysis was performed
considering Wr and mutilation level as inde-
pendent variables, and the total number of mites
per colony as the dependent variable. Fertility
and hygienic behavior did not contribute to the
significance of the model because the former
showed high collinearity with Wr (r = 0.911;
P <0.0001;n=9),and hygienic behavior levels
showed no significant partial correlation (r =
—0.371; P=0.412; n =9). The multiple regres-
sion equation was TNM 1) = 6242.9 Wr(,) -
118.2 MM(y), where TNM((, ) is the estimated
total number of mites in the succeeding sample
period, Wr is the number of mated female off-
spring, and MM is the level of mutilated mites
(rs =0.973; P <£0.0001; n =9). The Constant
value of the equation was not significant and
was excluded from the regression equation (¢ =
1.16; P = 0.291). The results are showed in
Table III. Tests to verify assumptions underly-
ing the use of multiple regression analysis were
performed and confirmed normality, independ-
ence between independent variables, and alea-
tority of residuals.

4. DISCUSSION

4.1. Honeybee population

There were seasonal variations in populations
of the 18 surviving honeybee colonies. These
variations were congruent with other studies
conducted in Mexico (Echazarreta and Paxton,
1997; Vandame et al., 2000), although the peaks
of maximum and minimum population were

observed in different periods. Though we did
not measure the pollen flow, it normally begins
atthe onset of the rainy season, reaching a max-
imum influx in August and September. The
presence of pollen (from one to two full combs
in some colonies) probably explain why the bee
population increased in the rainy season.
Although the EHA and ECA colonies had sig-
nificantly less sealed worker brood than AHB
colonies, they did not decrease to the extent that
EHB do in tropical climates (Vandame et al.,
2000). This probably means that the crosses
(European queens mated to Africanized drones)
have a similar fitness than AHB in the tropics.

4.2. Mite populations

Although initial and final values of V. destruc-
tor levels showed an apparent increase in the
amount of mites from 4746 to 5843.45, the
repeated measures assay every 5 weeks, showed
temporal trends. There was a decrease in the
number of mites by a factor of 2.6 from Febru-
ary to August, and then an increase by a factor
of 3.5 to reach the maximum value in Decem-
ber. The natural changes in mite populations
throughout the year was similar to the one
described in Mexico by Vandame et al. (2000),
and Medina et al. (2002), showing that the year
round brood production of AHB and mixed col-
onies in this study is not the critical factor
responsible for continuous mite growth. When
the mites in drone brood were included in the
estimate of total mite levels, we found slight
differences in the estimated mite population at
the beginning and at the end of the study (see
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Table II. Mean values and differences in the resistance mechanisms studied among three honeybee types:
Africanized (AHB), hygienic European x Africanized (EHA), and commercial European x Africanized
(ECA). Differences between mean values are based on an ANOVA and HSD Tukey’s test (P < 0.05).
Statistical tests are based on arc-sin transformed data of percentage values, but untransformed means and
S.D. are expressed (Hb = honeybee type; Sm = sampling period; Hb x Sm = interaction).

Mechanism Honeybee n Annual Repeated measures
type Mean + S.D. 2-way ANOVA

Hygienic Behavior All types 180 75.7+253 Hb F=4.99; df =2, 150; P = 0.008

(%) AHB 60 67.9 +£28.6 a Sm F=2.5;df=9,150; P=0.011
EHA 60 80.4 £22.1 b  HbxSm F=1.15; df=18, 150; P = 0.311
ECA 60 78.7+23.4

Mutilated mites All types 175 15.1 £10.0 Hb F=0.324; df=2, 145; P =0.724

(%) AHB 60 14579 a Sm F=2.99;df=9, 145; P = 0.003
EHA 57 14.7+£10.2 a HbxSm F=0.339; df =18, 145; P =0.995
ECA 58 162+ 11.7 a

Number of Mated All types 178 0.88 £0.42 Hb F=0.23;df=2, 148; P =0.795

Female Offspring AHB 60 0.89 +0.43 a Sm F=4.63;df=9, 148; P < 0.001
EHA 59 0.90 £0.43 a HbxSmF=1.12;df=18, 148; P =0.342
ECA 59 0.86 +0.42 a

Fertility (%) All types 178 855+ 155 Hb F=0.84; df =2, 148; P = 0.434
AHB 60 83.9+17.3 a Sm F =3.04; df =9, 148; P = 0.002
EHA 59 87.0+15.6 a HbxSmF=1.04;df=18,148; P=0.418
ECA 59 85.6+133 a

Fecundity All types 178 4.1+0.7 Hb F=0.32;df =2, 148; P=0.726
AHB 60 42+09 a Sm F=1.04;df=9, 148; P=0.415
EHA 59 4.1x0.7 a HbxSmF=1.23;df=18, 148; P =0.247
ECA 59 4.1x0.6 a

Fig. 2). Nevertheless, the growth of mite pop-
ulation in drone brood must be studied with
care because of a possible density dependant
mechanism that actually may limit mite growth
(Martin and Medina, 2004).

Though there were significant differences in
the estimates of bee populations among the
three bee types, there were no differences in the
number of mites among them. The average
number of mites per colony was 3786 and was
higher than the numbers estimated by Vandame
et al. (2000) (1513 mites) and Medina et al.
(2002) (2380 mites). These differences can be
attributed to the stronger populations of honey-
bee colonies used in our study, and to the mean
annual Wr of 0.88 per mother, higher than the
Wr found by Medina et al. (2002) of 0.73.

4.3. Resistance mechanisms

4.3.1. Hygienic behavior

Only those honeybee colonies that remove
more than 95% of dead freeze killed brood
in 48 hours are considered highly hygienic
(Spivak and Gilliam, 1993) and only highly
hygienic colonies may express the behavior to
a degree where it could function as a resistance
mechanism to control the mite populations.
None of the colonies in the present study could
be considered highly hygienic because the
mean annual percent removal of freeze-killed
brood was lower than 85% for every bee type,
and was always less than 95% for every sample
period (Fig. 3). This could be the reason why
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we did not find a significant correlation between
hygienic behavior and fluctuations of mites
throughout the year.

Hygienic behavior showed significant vari-
ations through time but with no evident trends.
The highest level of dead brood removal was
observed in August when colonies had rela-
tively low populations of bees and mites, and
when there was no honey flow. This observa-
tion does not correspond with the idea that the
expression of hygienic behavior depends on
colony strength and environmental conditions
such as honey flow (Spivak and Gilliam, 1993).

Based on the results of Guzman-Novoa et al.
(1999) and Vandame et al. (2002), we expected
that the most hygienic colonies would be the
EA, followed by the AHB, and then by the
ECA. Nevertheless AHB colonies removed
significantly less freeze killed brood than ECA,
and both types of mixed colonies showed no
differences between them (Tab. II; Fig. 3).

Because hygienic behavior is an heritable
(Harbo and Harris, 1999) and recessive trait
(Rothenbuhler, 1964), it is probably that the
worker progeny from the EHA and ECA colo-
nies were not hygienic because the mother
queens encountered and reproduced with non
hygienic Africanized drones. Thus, the AHB
present in the zone in this year (the source of
reproductive drones), may have a different
hygienic response than the AHB reported in
other studies.

4.3.2. Grooming

The annual average percent of mutilated
V. destructor observed in this study (15.1%) was
similar to the percent reported for other AHB
colonies in Mexico (14.9%) (Vandame et al.,
2002). We observed the highest number of
mutilated mites from May to September, which
corresponded with the decrease in V. destructor
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Figure 5. Relationship between the mean number of mites per colony in the succeeding sampling period
(t + 1), and (a) the mean number of mated female mite offspring; (b) the mean percent of mites fertility;

(c) the mean level of mutilated mites.

populations. The lowest level of injured mites
(January) coincided with a period of highest
number of mites. The simple regression analy-
sis showed that 50.6% of the variability in the
amount of V. destructor could be explained by
the level of damaged mites. Thus, if we assume
that the mite mutilations are due to grooming
behavior, this factor may be an important con-
tribution to the resistance of honeybees to the
mite in the colonies studied. Nevertheless, the
results must be interpreted with care because a
random damage to the mite, not caused by the
bees, may generate an overestimation of dam-
age actually due to grooming.

4.3.3. Mite reproduction

The annual mean percentage of mites that
reproduced was 85.5% with a range from 74.1
to 91.5%, similar to that reported in other stud-
ies in Mexico with AHB and EHB: 83-96%
(Medina et al., 2002) and 82-97% (Vandame
et al., 1999), but higher than in AHB colonies
in Brazil: 25-57% (Martin et al., 1997). The
simple regression analysis showed that 51.6%
of the number of mites could be explained by
the variation in mite fertility (Fig. 5). Never-
theless, a significantly low fertility level was
found only in June, the month prior to when the
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Table III. Multiple regression analysis. The total number of mites per colony in the next sampling period is
explained by the number of mated female offspring produced per mother and the mutilation level

(grooming behavior) as independent variables.

Independent Partial correlation =~ Unstandardized Coefficients t P
variable coefficient Beta SE.

Number of mated female offspring 0.961 6242.9 683.5 9.13  <0.0001
Mutilation level -0.760 -118.2 383 -3.1 0.017

lowest number of mites were estimated. We
suppose that this drop in mite fertility had a
conspicuous effect when the mite population
was already declining.

The average number of eggs laid per mother
mite observed in this work was similar to that
found in AHB from Mexico (Medina and
Martin, 1999) and EHB from UK (Martin,
1994):4.11,4.86 and 4.93 respectively. Because
there was no variation in fecundity through
time, this factor could not explain the tolerance
of honeybees toward the mite.

This is the first study in which changes in Wr
through time are reported in a tropical region.
The mean annual Wr was 0.88 and fell between
the values found in EHB from UK (1.01) and
AHB from Yucatan, Mexico (0.73), but was
much higher than the ones found in AHB from
Brazil (0.64) (Corréa-Marques et al., 2003).

The number of mites per honeybee colony
over the year was highly related to the Wr found
in the previous sampling period, an interval
corresponding to two mite generations. The
minimum and maximum Wr were observed in
June and October (0.55 and 1.21 respectively),
and the periods with increased or decreased
amount of mites per colony were found in the
succeeding sampling months (August and
December respectively) (Figs. 2 and 4). These
observations were confirmed by the results
found in the simple regression analysis because
the fluctuations in the Wr explained 73.2% of
the variability in the amount of mites per honey-
bee colony in the succeeding sampling period.

4.4. Multifactorial study of the resistance

The multiple regression analysis showed that
Wr and grooming behavior expressed as the
level of mutilated mites were the factors that
best explained the variability in the total number
of mites. Based on the simple regression model

coefficients, we excluded fertility from the
multifactorial analysis because this factor was
less important in explaining the growth in mite
population, and presented high collinearity
with Wr. We found a significant equation where
the variation in total number of mites could be
explained as follows: over the span of two mite
generations, a 0.1 decrease in the Wr contrib-
uted to a reduction of the mite population by a
magnitude of 624 individuals, while a 1.0%
increase in the proportion of mutilated mites
reduced the number of mites in a colony by a
magnitude of 118 individuals.

The present study is the first and successful
intent to explain Varroa resistance in a multi-
factorial way for AHB and AHB x EHB colo-
nies in a tropical region. Our results showed
that the addition of genes through Africanized
males helps to confer resistance to European
honeybees by means of changes in Wr and
grooming behavior. One other multifactorial
study by Branco et al. (1999) found three var-
iables that explained the population growth of
V. destructor. However, the variables they
studied (probability of each mite to find a free
larva on which to reproduce, occurrence of mite
migration and mite death rate) were not related
to the resistance mechanisms reported here and
the work was done with EHB in a Mediterra-
nean climate.

It is important to determine which factors
produce changes in Wr to understand fully the
variation in reproduction of V. destructor
through time. Harris et al. (2003), analyzed the
changes in population growth of V. destructor
in EHB colonies during a 10-year period. They
mentioned that diminished reproductive rates
in mites could be the cause of reduced growth
rates during periods of hot and dry weather. It
is possible that some changes in the environ-
mental variables within and external to honey-
bee colonies have effects on the development
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of immature mite offspring and on Wr. In a fur-
ther study we will present details of the mite’s
reproductive biology in AHB colonies that per-
mit a determination of which kind of changes
occur in the development of mite offspring.
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Résumé — Etude multifactorielle de la résistance
des abeilles domestiques, Apis mellifera, a I’aca-
rien Varroa destructor sur une année au Mexique.
Nous avons mené une étude afin d’évaluer la crois-
sance de la population de Varroa destructor dans des
colonies d’abeilles africanisées et dans deux types de
colonies mixtes (européenne hygiénique x africani-
sée et européenne commerciale X africanisée) au
Mexique. La contribution relative des trois mécanis-
mes qui conférent aux abeilles la résistance a I’aca-
rien a été estimée toutes les cinq semaines durant une
année.

Sur les 46 colonies d’origine, 18 colonies, dont six
de chaque type, ont survécu jusqu’a la fin de I’étude
avec leur reine d’origine. Les mesures des mécanis-
mes de résistance ont été évalués par les protocoles
suivants : (i) comportement hygiénique (pourcen-
tage de couvain tué par le froid éliminé), (ii) com-
portement de toilettage (proportion d’acariens muti-
1és sur un plateau de fond enduit de matiere grasse),
(iii) capacité de reproduction du parasite par la fer-
tilité (proportion d’acariens qui se reproduisent),
(iv) fécondité (nombre total de descendants par
fondatrice) et (v) nombre de descendants femelles
fécondées produites par fondatrice (Wr).

Les populations d’abeilles et d’acariens des 18 colo-
nies ont varié de facon significative en fonction du
temps et des trois types d’abeilles (Figs. 1 et 2). Des
changements significatifs au cours de 1’année ont été
observés pour Wr, la fertilité et la mutilation des aca-
riens (Figs. 3 et 4). Ces changements correspon-
daient aux variations du nombre estimé d’acariens
par colonie. Des différences significatives en fonc-
tion de la période de I’année et du type d’abeilles ont
été trouvées pour le comportement hygiénique
(Fig. 3), bien qu’aucune des colonies n’ait pu étre
considérée comme fortement hygiénique, puisque
I’élimination du couvain mort a toujours été infé-
rieure a 95 %. Le comportement hygiénique ne cor-
respondait aux fluctuations des populations d’abeilles
ou d’acariens.

Nous émettons I’hypothese que si les mécanismes de
résistance ont un effet sur la croissance de la popu-
lation d’acariens, I’effet se fera sentir dans la période
d’échantillonnage suivante (cinq semaines plus tard)
et pas immédiatement. L.’analyse factorielle a mon-
tré que les deux mécanismes rendaient compte de la
variation d’acariens par colonie au cours du temps :
Wr(r?=0,732;P=0,003;n=9; Fig. 5a) et de la
proportion d’acariens mutilés (2 = 0,506 ; P =
0,032 ; n =9 ; Fig. 5¢). Quand on inclut ces deux
mécanismes, on trouve un modele multi-factoriel
significatif (2= 0,973 ; P =0,0001 ; n =9). Aucune
différence n’a été observée entre les abeilles africa-
nisées et les colonies d’abeilles croisées dans le
degré d’expression des mécanismes de résistance.

Varroa destructor / reproduction / abeille africa-
nisée / comportement hygiénique / comporte-
ment de toilettage / résistance / dynamique de
population

Zusammenfassung — Eine einjihrige multifakto-
rielle Studie iiber die Resistenz der Honigbienen
Apis mellifera gegen die Milbe Varroa destructor
in Mexiko. Das Populationswachstums von Varroa
destructor wurde in einer Studie wéhrend eines
Zeitraums von einem Jahr in Mexiko bestimmt, und
zwar bei afrikanisierten Bienenvolkern und bei zwei
unterschiedlichen Volkstypen: (a) hygienisch euro-
pdisch x afrikanisierte Volker und (b) kommerzielle
europdische x afrikanisierte Volker. Drei Mechanis-
men und ihr relativer Beitrag zur Resistenz gegen die
Milbe wurde alle 5 Wochen {iiber ein Jahr verteilt
untersucht.

Von den urspriinglich 46 Volkern iiberlebten bis
zum Ende des Versuchs 18 mit ihren Originalkoni-
ginnen, sechs aus jeder Versuchsgruppe. Messungen
der Resistenzmechanismen wurden folgender-
malBen durchgefiihrt: 1. Hygieneverhalten (% Ent-
fernung von durch Einfrieren getoteter Brut); 2.
Putzverhalten (Anteil von verletzten Milben auf
einer klebrigen Unterlage) und 3. die Reproduk-
tionsfdhigkeit der Parasiten, unterteilt in (a) Anteil
der reproduzierenden Milben, (b) Gesamtzahl der
Nachkommen pro Muttermilbe, und (c) Zahl von
begatteten weiblichen Nachkommen pro Mutter-
milbe (Wr).

Die Population der Bienen und Milben in den
18 Volkern verinderte sich signifikant wéihrend der
Versuchszeit, auBerdem unterschieden sich die
3 Versuchstypen der Bienen signifikant in Bezug
auf die Volksstirke (Abb. 1 und 2).

Signifikante Anderungen wihrend des Jahres gab es
bei der Nachkommenzahl pro Milbe und der Ver-
letzung von V. destructor (Abb. 3 und 4). Diese
Anderungen entsprachen den berechneten Schwan-
kungen der Milbenzahl pro Volk. Signifikante
Unterschiede wiéhrend des Jahres und zwischen
den 3 Bienentypen wurden beim Hygieneverhalten
gefunden (Abb. 3). Keines der Volker wies ein sehr
gutes Hygieneverhalten auf (die Entfernung toter
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Brut war immer geringer als 95 %), trotzdem stand
das Hygieneverhalten nicht in Relation zu Verinde-
rungen im Volk oder der Milbenpopulation.

Wir stellen folgende Hypothesen auf: Wenn Resis-
tenzmechanismen einen Einfluss auf das Wachstum
der Milbenpopulation haben, ist dieser Effekt nicht
sofort sondern erst in der folgenden Untersuchungs-
periode (5 Wochen spiter) nachzuweisen. Eine fak-
torielle Analyse zeigte, dass zwei Mechanismen die
Variation der Menge der Milben pro Volk iiber ldn-
gere Zeit erklirt: die Zahl von begatteten weiblichen
Nachkommen pro Muttermilbe (2 =0,732; P =
0,003; n = 9; Fig. 5a) und der Anteil der verletzten
Milben (2 = 0,506; P = 0,032; n = 9; Fig. 5c).
Ein signifikantes multifaktorielles Modell wurde
gefunden (r?=0,973; P=0,0001; n=9), wenn diese
beiden Mechanismen enthalten waren. Es ergaben
sich keine Unterschiede zwischen den beobachteten
afrikanisierten und den gekreuzten Volkern in der
Stirke der Resistenzmechanismen.

Varroa destructor |/ afrikanisierte Honigbienen /
Milbenvermehrung / Hygieneverhalten / Putzver-
halten / Resistenz / Populationswachstum
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