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ABSTRACT The most economically important parasites of honey bee, Apis mellifera L. (Hyme-
noptera: Apidae), colonies are the parasitic mitesVarroadestructorAnderson & Trueman andAcarapis
woodi (Rennie). Research has shown that mite-tolerant stocks are effective means to reduce mite
infestations within colonies, but it is unclear whether the stocks available commercially are viable
means of mite control because they are likely to be genetic hybrids. We compared colonies of a
standard commercial stock (“Italian”) with those of a commercially purchased mite-tolerant stock
(“Russian”) for their levels of varroa and “tracheal” mites (A. woodi) over the course of 2 yr in three
different geographic locations. We were unable to detect signiÞcant infestations of tracheal mites;
thus, we were unable to adequately compare the stocks for their tolerance. In contrast, we found
signiÞcant differences in the levels of varroa mites within and among colonies located across the three
different study sites for both years. By the end of the Þrst year, we found statistically signiÞcant
differences between the stocks in varroa mite intensity (mites per adult bee), such that Russian-hybrid
colonies tended to have a signiÞcantly lower proportion of parasitized adult bees than Italian colonies.
In the second year, we found statistically signiÞcant differences between the stocks in varroa mite load
(daily mite drop), such that Russian-hybrid colonies tended to have lower total numbers of mites than
Italian colonies. These Þndings suggest that beekeepers may beneÞt by incorporating commercially
purchased mite-tolerant stocks into their existing integrated pest management programs.
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Colonies of honey bees, Apis mellifera L. (Hymenop-
tera: Apidae), can become infested with the exotic
parasitic miteVarroadestructorAnderson & Trueman,
which typically kill colonies within 1 or 2 yr after initial
infestation (Sammataro et al. 2000). This parasite has
drastically reduced the feral honey bee population in
most of its native and introduced ranges (Kraus and
Page 1995, Oldroyd 1999) and has signiÞcantly com-
plicated the management of colonies by beekeepers.
Methods of control for varroa mites have concen-
trated on synthetic acaracides, such as the pyrethroid
tau-ßuvalinate (Apistan) and the organophosphate
coumaphos (CheckMite�). Regrettably, many varroa
mites have become resistant to ßuvalinate (Elzen et al.
1999, Macedo et al. 2002) and coumaphos (Elzen and
Westervelt 2002), which places a high premium on
alternative methods of varroa control.

Integrated pest management (IPM) has gained in-
creased attention for varroa management over the last
decade (Sammataro and Needham 1996, Nasr and
Kevan 1999, Sammataro et al. 2000, Calderone 2005,
Delaplane et al. 2005). These approaches range in
their mode of action (mechanical versus chemical),

persistence (short versus long term), degree of ma-
nipulation (passive versus active), and efÞcacy (low
versus high). Hives containing wire mesh screens on
their bottom boards have been shown in some in-
stances to modestly reduce varroa levels and increase
brood area (Pettis and Shimanuki 1999, Ellis et al. 2001,
Harbo and Harris 2004). Mechanical control through
drone brood removal (Calis et al. 1999, Charriere et al.
2003, Calderone 2005) can signiÞcantly lower mite
levels by removing developing honey bee males be-
fore eclosion because varroa mites preferentially par-
asitize them (Fuchs 1990, Calderone and Kuenen
2001). Application of inert dusts, such as powdered
sugar, also has been shown to be effective by causing
phoretic mites to loose their grips from their hosts
(Fakhimzadeh 2000, Aliano and Ellis 2005). Several
biopesticides have been tested and marketed for var-
roa control, such as sucrose octanoate (Sheppard et al.
2003), oxalic (Rademacher and Harz 2006), and for-
mic acid (Bolli et al. 1993, Westcott and Winston 1999,
Elzen et al. 2004), and products containing essential
oils such as thymol (for review, see Stanghellini and
Raybold 2004). Research is also being conducted on a
varroa-speciÞcMetarhizium fungus for its possible bi-
ological control (Kanga et al. 2003).1 Corresponding author, e-mail: david_tarpy@ncsu.edu.
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Some of the more hopeful advances in varroa IPM
strategies have originated from various genetic breed-
ing programs (Kulincevic et al. 1992, Harbo and Harris
1999, Rinderer et al. 2001a, Spivak and Reuter 2001).
One such program, conducted by the USDAÐARS
Honey Bee Breeding, Genetics and Physiology labo-
ratory, imported A. mellifera bees that derived from
the Primorsky region in eastern Russia because they
are sympatric with the original host of the varroa mite,
Apis cerana L. Their research has shown that bees of
the “Russian” stock are over twice as resistant to varroa
as other commercial stocks (Rinderer et al. 2001a,
2003). Additional research also has shown that the
Russian stock is highly tolerant of another parasitic
mite, the honey bee mite, Acarapis woodi (Rennie)
(“tracheal mite”) (De Guzman et al. 2001, 2002). This
stock is available commercially (Rinderer et al. 2000),
largely as genetic hybrids (daughter queens from Rus-
sian breeders mated with drones of standard commer-
cial stock) (Harris and Rinderer 2004).

The purpose of this study was to determine whether
the Russian hybrids that are available commercially
are viable alternatives for beekeepers in different ar-
eas. Although independent tests have demonstrated
that pure-strain Russian bees are mite tolerant in nu-
merous locations (Rinderer et al. 2001b, Kutznetzov et
al. 2002, 2004), no study has conclusively shown that
Russian hybrids are effective in variable habitats. Our
objective was to compare commercially purchased
Russian bees with a standard commercial stock (those
of “Italian” stock, hybrids of Apis mellifera ligustica
Spinola) for mite levels across three different habitats
of North Carolina. In doing so, we used a low-manip-
ulation approach to standard beekeeping practices to
compare the stock in a noncommercial context.

Materials and Methods

Study Sites and Experimental Colonies. Six re-
search apiaries were established across North Caro-
lina, two each in the Mountain, Piedmont, and Coastal
Plain regions of the state. The Mountain site was lo-
cated near Moravian Falls, NC, at an elevation of �700
m (�2,300 ft) surrounded by woods and open Þelds.
The Piedmont site was located near Hillsborough, NC,
on a farm containing numerous crops, including sun-
ßowers (Erigeron spp.); soybean, Glycine max (L.)
Merr.; and corn, Zea mays L., although the beehives
were not placed along side any particular crop. The
Coastal Plain site was located near Williamston, NC,
directly adjacent to Þelds of cotton (Gossypium spp.)
and near Þelds of cucumber,CucumismeloL. The two
apiaries at each site were located several hundred feet
apart to minimize interracial drifting and therefore
cross-contamination of varroa mites (Rinderer et al.
2004). However, both apiaries at each site were lo-
cated along a common tree line with the hives facing
the same direction, controlling for exposure and other
abiotic factors.

Each apiary contained 15 hives of either a standard
commercial stock (Italian) or mite-tolerant stock
(Russian) for an initial study-wide total of 90 colonies.

Queens from the Russian stock derived from a com-
mercial vendor that sells a variety of stocks; thus, the
resultant colonies were likely Russian genetic hybrids
(Harris and Rinderer 2004). Queens from the Italian
stock were purchased from a separate vendor that sells
only Italian queens.

The colonies were established in late April 2004 by
using separate commercially purchased 1.36 kg (3-lb)
packages of Italian bees. Queens of either the Italian
or Russian stock were introduced to the new hives
following standard practices. We used separate pack-
ages for each colony, rather than using a communal
package (Harbo and Harris 1999), because this more
closely mimics standard apicultural practices. Each
hive consisted initially of one newly constructed 10-
frame Langstroth hive body containing wood frames
with wax foundation. All hives at a particular location
were placed on stands and oriented in the same di-
rection. High-fructose corn syrup was provided to
each colony via hive-top feeders for the Þrst 3 mo to
promote comb construction, and all hives at a given
location were fed the same volume at the same time.
Additional hive equipment (such as brood chambers
and honey supers) were added to the colonies as
needed as their populations increased. All colonies
were treated identically within a region with regards
to feedings and inspections to minimize intersite vari-
ation, otherwise the hives were permitted to grow
without beekeeper interference or medication. Col-
onies that died or became queenless were removed
from the study sites, but colonies that swarmed or
superseded their queens remained in the experiment.

The study was conducted for two full seasons. Dur-
ing that time, thehiveswere relocated in thePiedmont
locationduring thewinterbetweenyears1and2.Each
surviving colony was also requeened in the late fall
2004 with newly purchased queens of the same stocks
but from different commercial sources. These queens
were marked, so that supersedure or replacement
queens could be identiÞed during colony inspections
(see below). Queen replacement is commonplace in
most beekeeping operations, so understanding the dif-
ferences between stocks even when the genotypes are
not “pure” is still important for beekeepers and for
understanding the efÞcacy of different stocks.
Data Collection. Colony samplings began in June

2004 and continued monthly through November 2004,
resuming in April 2005 and ending in November 2005.
Two sampling methods for detecting varroa mites
were used. First, the “sticky board” assay (Ostiguy and
Sammataro 2000) was used by placing a white card-
board sheet beneath each hive to measure the passive
mite fall over 24 h (�varroa mite load, or daily mite
drop). Commercially purchased sticky boards (DC-
681, Mann Lake, Hackensack, MN) were inserted into
the bottom of each colony through the entrance with
plastic screens on top to prevent the bees directly
contacting the sheet. The boards were removed 24 h
later and covered with plastic Þlm to prevent contam-
ination and facilitate transport. The total number of
mites per board was independently counted and re-
corded Þve times to calculate an average measure.
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Second, the “alcohol wash” assay (Shimanuki and
Knox 2000) was used by collecting �300 bees from the
brood nest into a jar of 95% ethanol and later counting
the number of varroa mites per adult (�varroa mite
intensity, or mites per adult bee). These methods were
chosen because they minimize disruption to colony
growth and function, and they are readily available to
and used by most beekeepers.

Each colony sampling also included a brief inspec-
tion of each hive, during which the adult population
and brood area was measured and recorded. The sizes
of the colonies during the Þrst year were very similar,
because they were newly established; thus, we only
quantiÞed their size on a monthly basis after October
2004. Adult bee population was estimated by summing
the number of frames (to within 0.25 of a frame)
covered with adult bees. Brood area was similarly
estimated by summing the number of frames with
larvae or pupae. The presence of a queen was con-
Þrmed by either visual location or the presence of eggs
and young larvae.

The adult bee samples also were analyzed for A.
woodi, because previous research has show the Rus-
sian stock to be resistant to that endoparasitic mite
(De Guzman et al. 2001, 2002). Tracheal mite levels
were determined by digesting 25 worker thorax slices
in0.9%KOHfor24h, viewing the tracheaat 40 to100�
with a microscope, and determining the proportion of
adults with mites or evidence of mite damage (Loren-
zen and Gary 1986, Shimanuki and Knox 2000).
Statistical Analysis.All data were analyzed using an

analysis of variance with site (Mountain, Piedmont,
and Coastal Plain), stock (Italian and Russian), and
their interaction term as the independent variables.
For the measures of varroa mite load (using the sticky
board assay), the data also were analyzed by control-
ling for both adult bee population and brood area (for

year 2 only). If consistent and statistically signiÞcant
site � stock interactions were detected for a given
variable, we then compared each treatment separately
using Tukey tests and plotted them separately in the
Þgures. The same ANOVA model included queen type
(original queen versus replacement queen) for year 2
to determine any possible effects of queen superse-
dure on the dependent variables. Colony survival was
analyzed with nominal logistic regression by using the
same independent variables and interaction term. The
analysis also was conducted including mite levels from
the previous samplings as a covariate to determine the
effectof varroaparasitismonthe likelihoodof survival.

All statistics were generated using JMP statistical
software (SAS Institute, Cary, NC) by using two-tailed
tests with an � level of 0.05. All mean values are
reported as � 1 SE.

Results

Year 1. There were no detectable tracheal mite
infestations in the worker samples during the 2004
season, indicating that these parasites had either not
infested the experimental colonies during the Þrst
year or were below the level of our ability to detect
them. In contrast, there were signiÞcant infestations of
varroa mites in many of our hives soon after they were
established. There were signiÞcant differences in var-
roa mite load (daily mite drop) among the three sites
for all sampling periods except August (Fig. 1), and
there were signiÞcant differences between the two
stocks by the Þnal sampling period in November (F�
4.90; df � 1, 57; P� 0.031) as well as a signiÞcant site �
stock interaction (F� 4.58; df � 2, 57; P� 0.014). The
signiÞcant effects are largely a function of the Italian
colonies at the Piedmont site having such higher mite
levels at the end of the season compared with the

Fig. 1. Comparison of varroa mite loads (daily mite drop by the sticky board assay) for year 1 (2004). Data displayed by
independent treatments because there were consistent, statistically signiÞcant site � stock interactions. Œ, Mountain site; �,
Piedmont site; E, Coastal site; open symbol, Italian stock; Þlled symbol, Russian stock. Different letters correspond to statistical
signiÞcance by Tukey tests. SigniÞcance values for the ANOVA are provided below each sampling period (ns, not signiÞcant).
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other treatments (Fig. 1). The adult populations were
signiÞcantly different among the three sites in No-
vember (F � 31.30; df � 2, 54; P � 0.0001), but there
were no signiÞcant differences between stocks (F �
3.35; df � 1, 54;P� 0.073), and no differences in brood
area (site: F � 1.47; df � 2, 46; P � 0.241; stock: F �
0.93; df � 1, 46; P � 0.762).

There also were signiÞcant differences in varroa
mite intensity (mites per adult bee) between the two
stocks (Fig. 2). Although the mite levels of the Italian
stock was always numerically higher, on average, the
difference was not statistically signiÞcant until the
October sampling period (F � 4.10; df � 1, 58; P �
0.048), such that the Russian colonies had lower per-
centage of infestations (5.4 � 1.06%) than Italian col-
onies (8.3 � 1.06%). Moreover, there was no signiÞ-
cant effect of site (F� 0.76; df � 2, 58; P� 0.927), but

there was a signiÞcant site � stock interaction (F �
5.70; df � 2, 58; P � 0.006) for mite intensity. This is
because the colonies located in the Coastal Plain and
Piedmont sites had lower mite levels in the Russian
stock, but the colonies located in the Mountain site
had similar mite levels between the stocks (Fig. 2).

There were signiÞcant differences between the two
stocks in their survival over the Þrst winter (Novem-
ber 2004 to March 2005) (Fig. 3). Although there were
no differences in colony mortality across the different
sites (�2 � 2.87; df � 2, 5;P� 0.238), signiÞcantly more
Italian colonies died than Russian colonies (�2 � 5.12;
df � 2, 5; P� 0.024). Colony mite levels (as measured
in November 2004) did not signiÞcantly affect the
probability of colony mortality over the Þrst winter
(mite load: �2 � 0.23; df � 1, 1; P � 0.878; mite
intensity: �2 � 0.78; df � 1, 1; P � 0.379).

Fig. 2. Comparison of varroa mite intensity (mites per adult bee by the alcohol wash assay) for year 1 (2004). Data
displayed by independent treatments because there were consistent signiÞcant site � stock interactions. Symbols and
signiÞcance values same as Fig. 1.

Fig. 3. Comparison of colony survival over the course of the experiment. Data displayed by stock because there were
no consistent signiÞcant site � stock interactions. �, number of surviving colonies; �, number of surviving original queens
(year 2 only); open symbol, Italian stock; Þlled symbol, Russian stock; *, signiÞcant difference in survival between stocks (P�
0.05).
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Year 2. In the second year of the study, there were
no consistent signiÞcant site � stock interactions;
thus, all Þgures compare the two stocks directly. More-
over, because we had queen replacement data for year
2, we initially included queen type (original versus
replacement queen) in the ANOVA model. There
were no effects of queen type on any of the measures
of varroa mites, tracheal mites, or adult bee popula-
tion. The only effect of queen type that was detected
was on brood area, and only at the very beginning and
end of the season (April 2005: F� 22.88; df � 1, 27;P�
0.0001; November 2005:F� 6.31; df � 1, 31;P� 0.017).
Inclusion of this factor did not appreciably change the
remaining effects of site, stock, or their interaction.
Because queen type has no consistent or strong sta-
tistical effects, we removed this factor from the anal-
ysis to keep it consistent with those in year 1.

There were signiÞcant effects of site on varroa mite
load (daily mite drop) at the beginning and end of the
season (Fig. 4). There were also signiÞcant differences
between the two stocks for the last three sampling
periods (September: F � 6.21; df � 1, 34; P � 0.018;
October:F� 6.55; df � 1, 34;P� 0.015; November:F�
6.76; df � 1, 31; P� 0.014). These differences are not
likely a result of different colony strengths, because
the effect largely holds when accounting for both
adult bee population and brood area (data not
shown). For example, in the October sampling period,
there was a signiÞcant effect of stock on mite load (see
above), which was also signiÞcant when standardizing
for adult bee population (F � 4.66; df � 1, 34; P �
0.038) and brood area (F� 4.65; df � 1, 33; P� 0.038).

There were highly signiÞcant differences among
sites for varroa mite intensity (mites per adult bee),
particularly at the end of the season (Fig. 5). Unlike

year 1 of the study, however, there were no signiÞcant
differences between the two stocks other than a single
monthly sample early in the season. During the May
sampling, the Russian colonies had a signiÞcantly
higher proportion of parasitized adult workers than
did Italian colonies (F� 11.81; df � 1, 38; P� 0.001).
This effect was not consistent, however, and coincides
with a decreased brood area in the Russian hives (see
below).

Levels of tracheal mites were high enough to detect
in Year 2, but only after the June sampling (Fig. 6).
Although there were highly signiÞcant differences
among sites, there were no signiÞcant differences be-
tween the two stocks. This is not surprising, because
the mite levels were 1% or lower and thus not likely
to be large enough to detect differences (De Guzman
et al. 2001).

There were some notable differences in colony
strength among sites and between stocks, as measured
by adult bee population (Fig. 7A) and brood area (Fig.
7B). For both measures, there were differences among
sites at the beginning and end of the season. This was
expected, as the environmental conditions among the
Mountains, Piedmont, and Coastal Plain are distinctly
different at these times of the year (largely an effect
of seasonal compression due to elevation). There were
also some signiÞcant differences between the two
stocks. For example, adult bee population was higher
in the Russian colonies in April (F � 6.44; df � 1, 27;
P � 0.017) but lower in August (F � 6.16; df � 1, 36;
P � 0.018). The brood area in the Russian colonies
were also lower in May (F� 5.27; df � 1, 43;P� 0.027),
which may be an effect of some of the colonies swarm-
ing during that time.

Fig. 4. Comparison of varroa mite loads (daily mite drop) for year 2 (2005). Data displayed by stock because there were
no consistent signiÞcant site � stock interactions. Open symbol, Italian stock; Þlled symbol, Russian stock. SigniÞcance values
for the ANOVA are provided below each sampling period (ns, not signiÞcant).
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Colony survival over the course of the second
season was signiÞcantly different between the two
stocks (Fig. 3). This difference was observed from
April to August 2005, but by the end of the exper-
iment there was no signiÞcant difference between
them. Of the 30 Russian colonies and 22 Italian
colonies that survived the Þrst winter (2004Ð2005),
only 22 and 16 colonies survived to the end of the
2005 season, respectively. Most of the colonies re-
placed their queens during this time (Fig. 3), but

there were no signiÞcant differences in supersedure
rates between the two stocks over the course of the
season (all �2 � 3.19. P � 0.074). Of those colonies
that were alive in November, only 16 and 11 colonies
survived the second winter (2005Ð2006). The Þnal
colony mortality was 44.4% for the Italian stock and
28.9% for the Russian stock, but this difference was
not statistically signiÞcant (�2 � 1.92; df � 1, 72; P�
0.166). Conversely, Þnal mortality was highly sig-
niÞcant among the three sites (�2 � 19.95; df � 2, 71;

Fig. 5. Comparison of varroa mite intensity (mites per adult bee) for year 2 (2005). Data displayed by stock because there
were no consistent signiÞcant site � stock interactions. Symbols and signiÞcance values same as Fig. 4.

Fig. 6. Comparison of tracheal mite prevalence (percentage of mite-infested bees) for year 2 (2005). Data displayed by
stock because there were no consistent signiÞcant site � stock interactions. Symbols and signiÞcance values same as Fig. 4.
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P� 0.0001), with 92.0% mortality in the Mountains,
64.0% in the Piedmont, and 33.3% in the Coastal
Plain.

Discussion

Russian hybrids seem to be more tolerant of varroa
mites than standard commercial stock, and they are
more likely to survive in the presence of varroa in the
short term. This Þnding parallels that of previous stud-
ies, which have shown that Russian colonies have
signiÞcantly fewer varroa mites (Rinderer et al. 2001a,
Rinderer et al. 2003). Moreover, these are the Þrst data
to demonstrate a statistically signiÞcant mite tolerance
of hybrid Russian honey bees (as opposed to pure
genetic stock), as well as statistically signiÞcant effects
of geographic location (cf. Rinderer et al. 2001b).
Harris and Rinderer (2004) also tested Russian hy-
brids, but they were unable to detect any statistically
signiÞcant differences among the different genetic
crosses for honey production, mite growth, and bee
population. Numerically, however, they demonstrated
that hybrids exhibited intermediate effects to the do-
mestic and Russian parental lines. In the current study,
colonies of the Russian-hybrid stock were typically
infested with equal or signiÞcantly fewer mites than
colonies of the Italian stock, but it is unclear how they
would have compared with colonies of pure Russian
stock.

The Italian and Russian colonies located in the
Mountain sites exhibited the lowest varroa mite levels
throughout the study, even though they experienced
the highest colony mortality. One possible explanation
for this Þnding is the shorter season; brood rearing
tends to decline much earlier in the higher elevations
of North Carolina, thus limiting varroa mite popula-
tion growth within honey bee colonies. The Russian
and Italian colonies located in the Coastal Plain had
similar mite levels to each other, and their levels of
infestation tended to be higher than those in the
Mountain sites. The highest mite levels were observed
in the Piedmont sites, where the Italian colonies had
signiÞcantly more mites than the Russian colonies.
Although these environmental effects are likely a re-
sult of climatic and ecological differences among the
habitats, it is unclear whether these same genotypeÐ
environment interactions are robust because the com-
parisons were not replicated within each location.

We did not detect any tracheal mite infestations in
any of the worker samples until the middle of the
second year, indicating that these parasites had not
appreciably infested our experimental colonies. Al-
though the low levels prevented us from making any
inferences about tracheal mite tolerance between the
two stocks (Danka and Villa 1996, De Guzman et al.
1998), our results suggests that the original packaged
bees were largely absent of these parasites and that
they acquired tracheal mites within 2 yr, presumably

Fig. 7. Comparison of adult bee population (A) and brood area (B). Data displayed by stock because there were no
consistent signiÞcant site x stock interactions. Symbols and signiÞcance values same as Fig. 3.
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from nonexperimental colonies in their local environ-
ments.

Varroa mite intensity (mites per adult bee) was
higher in Russian colonies during the May sampling in
2005, but this difference was short lived. This result is
likelybecause severalof theRussiancolonies swarmed
or replaced their queens during that time, at which
point there was less brood within those hives (Fig.
7B). It is likely that the higher number of phoretic
mites detected during that period was because of a
lack of suitable host pupae; thus, the female mites had
fewer opportunities to enter brood cells and repro-
duce. This demonstrates that mite levels (particularly
when measured by the alcohol wash or similar meth-
ods) are intimately linked to colony status, which
should be taken into account when interpreting levels
of mite infestation.

There are several conclusions that can be drawn
from our Þndings. First, Russian-hybrids exhibit a sig-
niÞcant tolerance to varroa mites, although the effect
is not temporally consistent and probably not as pro-
nounced as with pure Russian stock (Rinderer et al.
2001a,b, 2004; Harris et al. 2002, Harris and Rinderer
2004). Beekeepers that use commercially purchased
Russian bees will therefore need to continue moni-
toring the levels of varroa mites in their colonies and
use alternative methods of control when they exceed
economic thresholds (Delaplane and Hood 1999).
Second, the effect of a given stock is not necessarily
the same in different apiary locations; thus, local en-
vironment has a signiÞcant inßuence on how the mite-
tolerance trait is manifest (also see Rinderer et al.
2001b). Third, the differences between the Italian and
Russian stocks seem to be most prevalent at the be-
ginning and end of the season. This may provide an
increased advantage of using mite-tolerant stock, be-
cause chemical treatments for varroa are restricted for
their use during periods of nectar collection. Overall,
we conclude that beekeepers can beneÞt by incorpo-
rating commercially purchased mite-tolerant stocks
into their IPM programs for varroa management, but
their use does not negate the necessity of continued
monitoring and alternative treatment practices.
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