APICULTURE AND SOCIAL INSECTS

Associations of Parameters Related to the Fall of Varroa destructor
(Mesostigmata: Varroidae) in Russian and Italian Honey Bee
(Hymenoptera: Apidae) Colonies

THOMAS E. RINDERER,"' LILIA I. DE GUZMAN, axp AMANDA M. FRAKE

USDA-ARS, Honey Bee Breeding, Genetics and Physiology Laboratory,
1157 Ben Hur Road, Baton Rouge, LA 70820-5502

J. Econ. Entomol. 106(2): 566-575 (2013); DOL http://dx.doi.org/10.1603/EC12427

ABSTRACT Varroa destructor (Anderson and Truman) trapped on bottom boards were assessed as
indirect measurements of colony mite populations and mite fall in colonies of Russian and Italian honey
bees using 29 candidate measurements. Measurements included damaged and nondamaged younger
mites, damaged and nondamaged older mites, fresh mites and all mites, each as a proportion of total
mites in the colonies and as a proportion of all trapped mites or all trapped fresh mites. Regression
analyses were used to determine the relationships of these candidate measurements to the number
of mites in the colonies. The largest positive regressions were found for trapped younger mites (Y)
and trapped fresh mites (F). Measurments of Y and F across time could be used to estimate mite
population growth for the purposes of selective breeding. The largest negative regressions with colony
mites were observed for: trapped older mites/trapped mites (O/T), trapped older mites/trapped
younger mites (O/Y), and trapped injured older mites/injured mites (IO/I). O/T and O/Y are
significantly higher for Russian honey bee colonies suggesting that they are related to at least some
of the mechanisms used by Russian honey bee to resist Varroa population growth. O/T and O/Y have
strong negative relationships with colony mites for both Russian honey bee and Italian colonies
suggesting that both strains possibly could be selected for reduced colony mites using O/T or O/Y.
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Breeding honey bees (Apis mellifera 1.) that are re-
sistant to Varroa destructor Anderson and Trueman
has used two approaches. Selection based on colonies
having lower population growths of infesting V. de-
structor has produced honey bees that are used with
minimal acaricide input - Russian honey bees
(Rinderer et al. 2001, 2003; de Guzman et al. 2007), and
honey bees bred in France (Kefuss et al. 2004, Biichler
et al. 2010). The mechanisms underpinning the resis-
tance of Russian honey bee have been mostly identi-
fied (Rinderer et al. 2001, de Guzman et al. 2007) but
measuring them is time consuming and they have not
been used in the selection of the stock. Selecting for
a single resistance trait has been used in two programs.
Selecting for general hygiene has produced Minnesota
Hygienic honey bees that have a moderate resistance
to V. destructor (Boecking and Spivak 1999, Spivak and
Reuter 2001, Ibrahim et al. 2007). Selecting for Varroa
sensitive hygiene (VSH) has produced VSH honey
bees that have strong resistance to V. destructor
(Harbo and Harris 2005). Selection for additional re-
sistance traits would provide opportunities to produce
stocks with an expanded basis for resistance.

1 Corresponding author, e-mail: tom.rinderer@ars.usda.gov.

Honey bees are thought to have two prominent mech-
anisms of resistance; hygienic behavior and grooming
behavior (Boecking and Spivak 1999). However, while
extensive research with hygiene has resulted in the suc-
cessful development of Varroa resistant strains this has
not been the case for grooming behavior. One breeding
program selecting for increased grooming in Europe
used the proportion of damaged mites as its selection
criterion but was discontinued owing to alow correlation
(r=0.27) between the proportion of damaged mites and
colony mite populations. Additionally, the proportion of
damaged mites had a low heritability (<0.15), and data
collection required laborious sample collection and pro-
cessing (Biichler 2000, Ehrhardt et al. 2007, Biichler et al.
2010).

Nonetheless, grooming has been extensively stud-
ied in A. mellifera because these honey bees do re-
move Varroa mites using grooming (Boecking and
Ritter 1993, Thakur et al. 1997, Aumeier 2001, Guz-
man-Novoa et al. 2012) and grooming is thought to be
an important resistance mechanism for A. cerana
(Peng et al. 1987). Injuries to mites are the clearest
evidence of grooming. Hence, many of the studies
(Table 1) have evaluated proportions of damaged
mites in trapped mites. Most of the studies have com-
pared the proportion of damaged mites found for
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Measurements of grooming behavior and mite fall used by several researchers in studies conducted between 1987 and 2011

Authors

Methods involved/duration

Measurement of grooming

Peng et al. 1987

Ruttner and Hiinel 1992
Biichler et al. 1992

Moosbeckhofer 1992
Boecking and Ritter
1993

Eguaras et al. 1995
Fries et al. 1996

Lodesani et al. 1996
Szabo et al. 1995
Rosenkranz et al. 1997

Thakur et al. 1997
Bienefeld et al. 1999

Corréa-Marques et al.
2000

Webster et al. 2000
Aumeier 2001

Rinderer et al. 2001
Zaitoun et al. 2001

Al-Ghzawi et al. 2001
Arechavaleta-Velasco
and Guzman-Novoa

2001

Corréa-Marques et al.
2002

Vandame et al. 2002

Mondragoén et al. 2005

Currie and Tahmasbi
2008

Andino and Hunt 2011

Ardestani et al. 2011

Observation hives, responses to inoculated mites up to
2 h.

Full size colonies, daily mite fall for 8 mo.

Observation hives and colony of A. dorsata, responses
to inoculated mites within 15, 60, and 300 s.

Full size colonies, mite fall, three observations within
1 mo.

Full size colonies, mite fall at 2-3 h interval for 9 h.

Full size colonies, 15-d mite fall

Full size colonies, daily mite fall for 1 mo, removal of
inoculated mites after 15 min, 30 min, 1, 2, 3, 4, 5,
and 6 h.

Observation hives, behavior of bees after mite
inoculation, mite removal after 1 h.

Full size colonies, daily mite fall for 9 d.

Cage bioassay, mite removal after 24, 48, 72, and 192 h.
Full size colonies, mite fall at 12-h interval (2-7 d).

One-frame cage, removal of inoculated mites,
Full size colonies, mite fall at 12, 24, 48, 72, and 168 h.

Full size colonies, mite fall at 24 h interval, repeated
14X,

Full size colonies, weekly mite fall for nine
observations.

Petri dish bioassay, behavior of bees towards
inoculated mites, mite removal.

Full size colonies, weekly fall every month for 15 mo.

Full size colonies, mite fall every 2 d for 5 mo.

Full size colonies, mite fall every 2 d for 3 mo.

Jumbo-size colonies, mite fall every week for 5 wk.

Cage bioassay, removal of inoculated mites every 12 h.
Full size colonies, mite fall every 24 h for ~ 1 mo.

Single-frame observation hives, bees” behavior within
8 min.

Full size colonies, mite fall every 2 mo (three
observations).

Full size colonies, monthly 48 h-mite fall (10
observations).

Cage bioassay, removal of inoculated mites after 2, 4,
6 d.

Full size colonies, mite fall after 3 d.

One-frame bioassay, full size colonies, mite fall after

72 h.

Cage bioassay, mite fall of inoculated mites after 24 h.

Bees’ responses, proportion of fallen mites and injured
mites.

Proportion of injured mites out of mites that fell.

Frequency of grooming, removal success.

Relationship between the proportion of injured mites
and bee and brood infestations. Light vs dark
colored mites differentiated.

Proportion of live, dead, and injured mites out of
mites that fell. Pigmented vs less pigmented mites
differentiated.

Daily mite mortality, proportion of damaged mites.

Total mites that fell, and proportion of injured mites
out of mites that fell.

Behavior of tagged bees, total mites that fell,
proportion of injured mites out of fell mites.

Proportion of injured mites out of mites that fell. Dark
vs light-colored mites differentiated.

Mite removal, injuries.

Proportion of live, dead, and injured mites out of
mites that fell. Dark and lightly-colored adult mites
differentiated.

Bees” behavior towards mites.

Proportion of injured mites out of 200 subsampled
mites. Relationship between the percentage
damaged (immature and mature) and adult mites
per colony.

Proportion of live, dead, and injured mites out of
mites that fell. Mature and young mites
differentiated.

Total mite fall, proportion of live mites that fell.
Callow vs dark mites differentiated.

Bees’ responses and injuries of mites.

Proportion of injured mites out mites that fell.

Proportion of injured mites that fell. Pigmented vs less
pigmented mites differentiated.

Proportion of injured mites that fell. Pigmented vs less
pigmented mites differentiated.

Relationships between final infestation levels and the
no. of fell mites, injured (subsample) mites and no.
of mites recovered in the lab bioassay.

Number of recovered and injured mites.

Frequency of injured mites, types of injuries (n = 100
mites/ colony). Lightly colored and alive mites were
recorded.

Bees” behavior towards marked mites, and mite
removal.

Proportion of injured mites out of 150 subsampled
mites.

Relationship between the proportion of injured mites
out of the subsampled mites and total no. of mites
in colonies in the succeeding sampling period.

Mean daily proportion of dead mites that fell (live
mites that fell were returned into the cage).

Mean daily mite mortality.

Relationship between the proportion of mites
removed (lab bioassay) and the proportion of
injured mites out trapped mites (field colonies).

Proportion of injured mites.

different species or strains of honey bees (Moosbeck-
hofer 1992, Ruttner and Hinel 1992, Boecking and
Ritter 1993, Eguaras et al. 1995, Fries et al. 1996, Lode-
sani et al. 1996, Rosenkranz et al. 1997, Bienefeld et al.
1999, Correa-Marques et al. 2000, Webster et al. 2000,
Rinderer et al. 2001, Zaitoun et al. 2001, Al-Ghzawi et
al. 2001, Arechavaleta-Velasco and Guzman-Novoa
2001, Vandame et al. 2002, Mondragon et al. 2005).

Fewer studies have related the proportion of dam-
aged mites to populations of mites in colonies. Studies
of A. mellilfera carnica in Germany have found neg-
ative correlations between the proportion of damaged
mites and colony mites of 1> = 0.69 (Moosbeckhofer
1992), +* = 0.11 (Hoffmann 1995), and * = 0.07
(Ehrhardt et al. 2007). Studies in Mexico, primarily
with Africanized honey bees, have found stronger



568

negative correlations: * = 0.51 (Mondragén et al.
2005) and r* = 0.54 (Arechavaleta-Velasco and Guz-
man-Novoa 2001). However, Vandame et al. (2002),
studying both full sized colonies and colonies in ob-
servation hives, concluded that it seems very unlikely
that grooming behavior may explain the lowered lev-
els of V. destructor in Africanized honey bee colonies.
Guzman-Nova et al. (2012), using four paired studies
(Russian honey bee and an unselected stock, African-
ized honey bee from Mexico and Italian honey bees
from Hawaii, an F, of stocks selected for lower and
higher mite population growth [MPG| and an F, of
stocks selected for lower and higher MPG) reported
nonsignificant correlations between colony mite in-
festation as measured by mite fall and damaged mites
in all the paired studies except for a strong negative
correlation (* = 0.58) in the study of F, low MPG
versus F, high MPG.

These varied results in the assessment of the ability
of grooming to reduce colony mite populations may
arise from several sources. Certainly, there may be a
difference between European honey bee and Afri-
canized honey bee (Moretto et al. 1991). In addition,
it is difficult to assess damage to mites (Bienefeld et al.
1999, Ruttner and Hinel 1992). Apparent damage may
result from predatory insects (Szabo and Walker 1995,
Davis et al. 2007), temperature and humidity (Currie
and Tahmasbi 2008, Tahmasbi 2009), developmental
problems (Davis 2009, Ardestani et al. 2011) and stor-
age and handling (Arechavaleta-Velasco and Guz-
man-Novoa 2001, Vandame et al. 2002). Further,
Bienefeld et al. (1999) suggested that young daughter
mites be excluded in the assessment of grooming be-
havior because they have higher rates of damage
(Moosbeckhofer 1992, Lodesani et al. 1996, Al-Ghzawi
et al. 2001) and are more likely to have “damages by
chance.” In addition, grooming may cause damage that
is not externally apparent (Biichler et al. 1992). Mites
removed by grooming may be unharmed but fall from
the nest (Boecking and Ritter 1993, Lodesani et al.
1996) and some may be unable to return.

The majority of mites trapped on bottom boards are
not apparently injured (Boecking and Ritter 1993,
Lodesani et al. 1996). Many of these mites may have
fallen as a result of grooming although certainly many
also result from house cleaning of naturally dead mites.
Cage studies suggest a relationship between trapped
mites (damaged and undamaged) and colony mites. In
contrast to their results with field colonies, Are-
chavaleta-Velasco and Guzman-Novoa (2001) did
not find a strong relationship between injured mites in
cages of bees and infestation levels in parent colonies
(r* = 0.06). However, they did find a significant re-
lationship (* = 0.22) when using the number of mites
(injured and noninjured) recovered in cages and the
infestations in parent colonies. Additionally, Andino
and Hunt (2011) found a negative relationship be-
tween mites that fell from bees in cage assays and the
mite infestations on adult bees in parent colonies (r* =
0.37). They also found a significant positive relation-
ship (7 = 0.23) between the mites that fell from bees
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in cage assays and the percentage of damaged mites
the fell from the parent colonies.

This wide array of studies does not comprehensively
evaluate a variety of potential relationships of mea-
surements of fallen mites with numbers of mites in-
festing colonies. In addition, some of these studies
have sought to relate measures of grooming to popu-
lations of phoretic mites rather than the overall levels
of mites in colonies. These uncertainties about mea-
suring grooming behavior and differing estimates of
the relationship of grooming to mite populations in
colonies may have led to the perception that European
A. mellifera rarely exhibits grooming behavior that
impacts mite population growth. Hence, increased
grooming intensity is not well-recognized as either an
important mechanism of resistance to Varroa mites or
as a useful goal in honey bee breeding (Boecking and
Spivak 1999, Biichler et al. 2010).

However, strains of European A. mellifera differ in
their degree of V. destructor infestation and how their
resistance to this ectoparasite is expressed. There are
several attributes of honey bees in addition to hygiene
that contribute to the regulation of Varroa mite pop-
ulations (reviewed by Rinderer et al. 2010). An ex-
tended phoretic period for Varroa mites negatively
influences mite growth in Russian honey bees
(Rinderer et al. 2001, de Guzman et al. 2007). Russian
honey bee colonies consistently supported higher pro-
portions of phoretic mites than Italian colonies in
several studies (Rinderer et al. 2001, de Guzman et al.
2007). Prolonged phoresy reduces the mites’ repro-
ductive potential and also exposes Varroa mites to
increased risks worker bee grooming (Rinderer et al.
2001, de Guzman et al. 2007). In addition, Mondragén
etal. (2005) found a strong negative relationship (> =
0.73) between mite fertility and mite infestation lev-
els. Reduced mite fertility was identified as a Russian
honey bee resistance mechanism (de Guzman et al.
2007, 2008). Perhaps some indications of mite fertility
can be found among trapped mites.

Comparing measures of trapped mites in known
resistant and susceptible strains may lead to a method
of comparing levels of suppression of mite populations
infesting colonies by indirectly assessing grooming in
combination with other resistance traits, which could
be effectively used in a breeding program. Accord-
ingly, we investigated the differences between resis-
tant Russian honey bees and susceptible Italian honey
bees using an expanded list of candidate measure-
ments related to trapped mites and total mites in col-
onies. We compared these candidate measurements
both between Russian and Italian stocks and through
time using regression analysis to determine their re-
lationship to total colony mites.

Materials and Methods

Colony Setup. Thirty-six colonies were established
in April by equally dividing a colony (three brood
frames, two honey/pollen frames, and five empty
frames) into two or four divisions. Divisions were
stacked on the parent colony overnight to allow equal
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distribution of adult bees among the divisions. The
following day, divisions were labeled according to
their origin (parent colony), and provided with a
bottom board and a hive cover. All divisions were then
moved to a holding location and allowed to settle
overnight before queens were introduced. From each
parent colony, half of the colony divisions (i.e., one or
two) randomly received Italian queens (purchased
from a queen breeder in California that advertised
Ttalian queens) and the other half received Russian
queens (from the Russian honey bee program at our
laboratory). This technique provided colonies pre-
sumably having similar levels of Varroa infestation
(2.42 * 0.56 mites per 100 adult bees) at the beginning
of the experiment for both honey bee stocks. Each
colony was provided with two bottom boards with
opposing entrances (a screen bottom served as the
bees’ entrance and a solid bottom received the Varroa
traps). Each colony was sitting on ablock at the middle
of a tray of soapy water to exclude scavenging insects
such as ants from the Varroa trap.

Measurement of Varroa Mite Populations. Esti-
mates of the total number of mites in the colonies were
derived from counts of mites in 200 brood cells (using
two brood frames), mites from adult bee washes
(=~300-500 bees), and comb by comb estimates of the
number of sealed brood and number of adult bees
(Rinderer et al. 2001, de Guzman et al. 2007). Colony
mite counts were recorded in June, August, and Oc-
tober 2007. Trapped mites were not collected daily
and therefore not included in these estimates.

Measurement of Trapped Mites. Trapped mites
were assessed for two consecutive weeks (3-4 con-
secutive days per week) every month from June to
October 2007. To collect mites, a cafeteria tray with
petrolatum-coated paper on top was inserted between
the two bottom boards. Traps were replaced every
day. Varroa mites were immediately collected from
the traps using an insect brush and examined under a
dissecting microscope for age (light ochre = younger,
darker color = older), injury status (injured or not
injured), and recency of death (fresh or dry). Mites
were considered injured when parts of the gnatho-
soma (mouthparts), legs, and ventral shields (sternal,
exopodal, lateral, genitoventral, pleural, and anal
shields) were missing or damaged. Mites with dented
idiosoma were not categorized as injured. Recency of
death was indicated by the presence of hemolymph
and fresh tissues when mites were poked or teased
apart with an insect pin. The proportion of trapped
mites in each category (older, younger, injured, and
fresh) for each colony was calculated as the total
number of categorized mites divided by the total num-
ber of colony mites or the total number of mites
trapped.

Data Analyses. Data on the number of mites in the
colony (C), phoretic mites (P), mites in the brood
(B), total trapped mites (T), trapped older adult mites
(0), trapped younger adult mites (Y), O/T, O/C, O/Y,
Y/T, Y/C, trapped injured mites (I), I/T, I/ C, trapped
fresh (young and old adults) mites (F), F/T, F/C, in-
jured fresh mites (IF), IF/ all fresh mites (F),IF/T,IF/C,
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injured younger mites (IY), IY/Y, IY/L IY/T, IY/C, in-
jured older mites (I0), I0/0, I0/1, IO/T, and I0/C
were analyzed. Each variable was first subjected to
analysis of variance (ANOVA) for repeated measures
with honey bee stock and observation time as fixed
effects, and colony as the repeated subject. Where a
significant interaction between honey bee stock and
time of observation was detected, means were sepa-
rated with a post hoc “slice test” (¢-tests controlled for
error within the ANOVA) (SAS Institute 2008) to
determine differences by stock and by time of obser-
vation. To determine which mite category was best
related to lower colony mites, a simple linear regres-
sion was performed for each variable that was not
partially a measure of total colony mites (C) with C as
the dependent variable. Before analyses, data on ac-
tual mite counts (C, T, O, Y, I, F, IF, 10, and IY) and
O/Y were transformed with a square-root transfor-
mation and data on proportions (T/C,0O/T,0/C,Y/T,
Y/C, T, I/C, F/T, F/C, IF/F, IF/T, 10/0, 10/T,
10/C, IY/Y, IY/T, and IY/C) were transformed with
an arcsine square-root transformation to better ap-
proximate normality (SAS Institute 2008). Before
analyses data were examined for anomalies and any
outliers (>mean * 3 SD) were deleted.

Results

Several differences were observed between Varroa
resistant Russian honey bees and Varroa susceptible
Ttalian honey bees. Overall, Russian honey bee colo-
nies averaged 57% fewer mites than Italian colonies
(P = 0.0003; Table 2). Several measurements of
trapped mites reflected this difference: T/C, O/T,
0/C,0/Y,Y/C,1I/C,F/C,IF/F,IF/T,IF/C,10/C, and
IY/C all had significantly higher values for Russian
honey bee colonies (Table 2). Italian colonies had
significantly more younger mites among the total
trapped mites along with also having significantly
fewer older mites among the total trapped mites.

For every measurement except O, IY/Y, and IY/C,
a significant difference was associated with month of
observation. However, the direction of the differences
varied. O/T, O/C, and O/Y consistently declined
through time (Table 2). Y increased through time (P =
0.0013; Table 2). Other measurements related to in-
jury (L I/T, IF, IF/F, IF/T, IF/C, IO, IO/ O, IY, IY/I,
and IY/T) tended to rise through time (Table 2).

Out of the 21 measurements submitted to regression
analysis, 15 were positively related with colony mites
(C) (Table 3;Fig1). Of them, Y (+=0.79; P < 0.0001),
F (r=0.71; P<0.0001), T (r = 0.68; P < 0.0001), and
IY (r = 0.68; P < 0.0001) rank the highest. There were
positive regressions between IY/Tand C (r = 0.36; P =
0.0005) and IY/I and C (r = 0.41; P = 0.0001). All
absolute measures of trapped mites grew in numbers
along with colony mites. In addition, ratios of Y/T,
IF/F,IF/T, and F/T, have positive regressions with C.

Two measurements had significant negative regres-
sions with colony mites (Table 3; Fig. 1). Both in-
volved older mites disregarding injuries: O/T (r =
—0.58) and O/Y (r = —0.51) (Table 3; Fig. 1).
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Fig. 1. The percentage variation (%) of total mites in a colony that was associated with each of the 21 candidate

measurements of trapped mites.

Discussion

The central difference between Russian honey bees
and Italian bees in this study is that Russian honey bee
colonies had 56% fewer mites infesting them. Addi-
tionally, measurements of trapped mites differ be-
tween the two stocks with T/C, O/T,O/Y,O/C,Y/C,
I/C, F/C, IF/F, IF/T, IF/C, I0/C, and IY/C all sig-
nificantly higher for Russian honey bees. The majority
of these differences related a category of trapped
mites to colony mites, suggesting that a higher pro-
portion of colony mites were trapped in Russian honey
bee colonies. A proportionally greater number of
trapped mites in Russian honey bee colonies may
reflect the operation of the resistance mechanisms
that led to their comparatively low levels of infesta-
tion. However, measurements that require an estimate
of C are not good candidates for an improved selection
criterion because an estimate of colony mites is very
time consuming. In addition, mite population growth
(MPG) derived from at least two estimates of Cis itself
aselection criterion for resistance to Varroa (Rinderer
et al. 2010). Potentially useful measurements evalu-
ated in this study are I/ T, IF/F, IF/T O/T, O/Y, and
Y/T.

The proportion of injured mites (I/T) (29%) in this
study is similar to that found in many previous studies
(Biichler et al. 1992, Aumeier 2001, Currie and Tama-
shbi 2008). However, in contrast to the report of
Rinderer et al. (2001), the proportions of injured mites
for Russian and Italian colonies were nearly identical
(Table 2). The Italian colonies may have had an ele-
vated I/T in the current study because the I/T of
Russian honey bees is very similar to the I/ T reported
for Russian honey bees by Guzman-Novoa et al.
(2012) compared with a lower I/T for the unselected
stock they used for comparison. Injury rates generally

rose through time (Table 2) suggesting that injuries
may be more common with higher overall rates of
infestation. However, the regressions of I/ T for both
stocks and combined data, although negative, were
weak and insignificant (Table 3; Fig. 1). These obser-
vations are consistent with those of Ehrhardt et al.
(2007), Hoffmann (1995), and three of the four re-
gressions reported by Guzman-Nova et al. (2012) who
collectively report four similarly low regressions for
European honey bee and one for Africanized honey
bee. This collection of low regressions contrasts with
the strong negative regressions reported for European
honey bee (Moosbeckhofer 1992, Guzman-Nova et al.
2012) and African honey bee (Mondragén et al. 2005
and Arechavaleta-Velasco and Guzman-Novoa 2001).
These varied results suggest that the relationship of
I/T to C must be determined for specific stocks before
it can be relied upon as a selection criterion. Our
results do not support I/T selection for the Russian
honey bee or Italian honey bee stocks in our study.
In addition, our results with proportions of injured
fresh mites of all fresh mites (IF/F) and injured fresh
mites of all trapped mites (IF/T) do not support their
use for selection for resistance. IF/F was higher for
Russian honey bees (Table 2; P = 0.03) but both IF/F
and IF/T had positive regressions with C (Table 3; Fig.
1) making them unsuitable as measurements of po-
tential resistance unless colonies are experimentally
manipulated to establish uniform infestation rates.
The measurements that have a positive correlation
with C provide some insight concerning the nature of
trapped mites. Y, Y/T, IY, IY/I, and IY/T, all have
strong positive correlations with C (Table 3; Fig. 1),
suggesting that especially Y (+* = 0.62), but all young
mites (injured and noninjured) are more a reflection
of mite populations than of reductions in mite popu-
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lations resulting from grooming. Bienefeld et al.
(1999) made a similar observation causing them to
suggest omitting counts of young mites when evalu-
ating proportions of groomed mites. Increased num-
bers of trapped young mites are associated with hatch-
ing brood with 80% of them having a lighter color
(Lobb and Martin 1997). More highly infested brood
likely results in increased numbers of trapped young
mites. Injuries to young mites may result from the
removal of dead mites from cells during and after
hatching (Bienefeld et al. 1999). Young mites proba-
bly are an important part of the strong positive re-
gression of T with C. Numbers of older mites also have
a positive regression with C (* = 0.34) reflecting
natural mite mortality that must rise as the mite pop-
ulation grows. In addition, hygiene may increase as the
mite population grows and further increase Y.

As single measures, positive relationships have no
value as selection criteria for programs with the goal
of reducing colony mites through selective breeding.
However, they might be sufficient to determine mite
population growth by comparing measurements made
across time. In addition, both Y and T contribute to
ratios with O that have the strongest negative regres-
sions with C in this study (O/Y, * = 0.26; O/T, r* =
0.34). Of the measurements we studied, these two
ratios are the best candidates for employment as one
time measurements in a selection program for reduced
colony mites. O/T and O/Y are not exclusively mea-
surements of grooming. Various resistance mecha-
nisms could result in an increase in O/T or O/Y.
Increased numbers of older mites damaged by groom-
ing, older mites that are removed from the nest by
grooming but not damaged and any other physiolog-
ical or behavioral characteristic of honey bees that
shortens the survival of older mites would increase
these ratios. Higher proportions of trapped older mites
in Russian honey bee colonies may be related to the
higher proportion of phoretic mites found in Russian
honey bee colonies in this (Table 2) and previous
studies (Rinderer et al. 2001, de Guzman et al. 2007).
Likewise, any resistance mechanism that reduces fe-
cundity would probably result in lower numbers of T
and Y and result in larger ratios of O/T and O/Y.

Considerable research is required before increased
values for O/T or O/Y are used as selection criteria for
a selection program for improving honey bee resis-
tance to Varroa mites. It seems reasonable that O/T
and O/Y are related to resistance because they are
significantly higher in Russian honey bees (Table 2).
However, confirmation studies with the Russian
honey bee and Italian honey bees used in this study
and with other stocks of bees are necessary to validate
the potential of O/T and O/Y including temporal
changes and exact measurements rather than esti-
mates of C. In addition, even if O/T and O/Y are
confirmed to be measurements of resistance to Varroa,
the genetic variance for resistance in specific stocks
may be limited and selection would yield only mar-
ginal results. However, despite these real and possible
obstacles, O/T and O/Y may have a place in selection
programs for Varroa resistance. Certainly they are
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measurements that can be done quickly without a
microscope and hence could be used by commercial
beekeepers.
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