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Abstract Mite-Away [I™, a recently-registered product with a proprietary formulation
of formic acid, was evaluated under field conditions in commercial apiaries in upstate New
York (USA) for the fali control of Varroa destructor Anderson & Trueman in colonies of
the honey bee, Apis mellifera L. Ambient temperatures dunng the treatment period were in
the lower half of the range recommended on the label, but were typical for early fall in
upsiate New York, Average mite mortality was 60.2 & 2.2% in the Mite-Away Il group
and 23.3 £ 2.6% in the untreated control group. These means were significantly different
from each other, but the level of control was onty moderate. These resuits demonstrate that
Mite-Away T may not always provide an adequate level of contsol even when the tem-
perature at {he time of application falls within the recommended range staled on the
product’s label. To make the best use of temperature-sensitive products, I suggest that the
current, single-value, economic treatment threshold be replaced with an economic treat-
ment range. The limits for this range are specified by two pest density values. The lower
limit is the usual pest density that triggers a treatment. The upper limit is the maximum
pest density that one can expect to reduce to a level below the lower lmit given the
temperatures expected during the treatment period. When the actual pest density exceeds
the upper limit, the product should not be recommended; or, a wamning should be included

. indicating that acceptable control may not be achieved.

Keywords Varroa destructor - Apis mellifera - Honey bee . Formic acid -
Economic thresholds
Introduction

Varroa destructor Anderson & Trueman is the most serious pesi of the honey bee, Apis
mellifera L., throughoul the world {(De Jong et al. 1982, De long 1997); and it has caused
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significant damage to the US beekeeping industry since it was first reported there in 1987
{Anon 1987). The use of synthetic pesticides can cause damage to bees (Hazrmann et al,
2002; Peitis et al. 2004) and leads to the contamination of hive preducts, especially honey
and wax (Slabezki et al. 1951; Liu et al. 1693; Waliner 1995; Kochansky et al, 2001; Floris
et al, 2004). Recent studies have found fuvalinate and coumaphos o be common con-
taminznts in pollen and wax from colonies in the US (Frazier et al. 2008}, These factors
provide a strong incenlive Lo seek alternative control stralegies based on natural products
and Integrated Pest Management (IPM) principles.

Numerous altemative methods for managing V. destructor have been explored
(reviewed in Imdorf et al. 1995; Fries {997; Thomas 1997; Calderone 2005). Formic acid
has received considerable attention because of its activity against V. destructor (Maul et al.
1980; Hoppe et al. 1989; Eguaras et al. 1996, 2003; Nasr et al. 1996; Hood and McCreadie
2001; Feldlaufer et al. 1997; Calderone 2000; Currie and Gatien 2006) as well as Acarapis
woodi, and Tropilaelaps clarene (Hoppe et al. 1988).

Formic acid has several highly desirable qualities that make it an ideal replacement for
Apistan and CheckMite--. There are no reported cases of resistance to formic acid, it has
been granted ap exemption from tolerznce by the US-EPA, and it is acceptable to the
organic community because it is considered to be a natural product with negligible human
toxicity. As a result, both hobbyist and commercial beekeepers in the northeast and
elsewhere have a strong interest in formic acid.

The goal of this study is to determine the level of control (defined as the % mite
meortality occurring during the product's recommended 21 day treatment period) that can
be obtained with Mite-Away Il under conditions typically encounlered during the fall in
upstate New York. Mite-Away II is a recently-registered pesticide that has not previously
been evaluated. This formic-acid based produet has several unique characteristics that
distinguish it from previous formic acid products. Therefore, it is essential to learn as much
as possible about this product in order thal il can be used most effectively. I also examine
the cummrent wse of economic thresholds and propose a new managemeni tool—the ceco-
nomic treatmenl range—that incorporates the actual level of control obtained with a
miticide into the beekeeper's decision-making process.

Materials and methods
Colonies

Ten colonies of the honey bee, A, mellifera, were selected for use in each of five apianies
located within 20 km of Venice Center, NY. At the end of the fall nectar flow in Jale
September 2005, and prior to initialing treatments, honey supers were removed from hives,
lesving each colony in two, full-depth (~24.5 cm), 10-frame hive bodies. Each colony
was comprised of approximately 20, full-depth combs of werker bees (at 10-16°C) and a
queen; and each had sufficient stores to successfully survive the winter. Treatments were
initiated in early October because the fail nectar flow in this region usually extends through
the third or fourth week of September. Honey supers must be removed prior o treatment
according to the product’s label, and that takes a substantial amount of time in a mid- to
larpge-scale operation, making early October the first realistic treatment window for this
group of beekeepers.
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Treatments

Treated colonies received a single-application Mite-Away II pad (NOD Apiaries, Canada).
Mite-Away II employs a novel packaging and delivery system and a rew formulation of
formic acid, all of which may affect the release of the active ingredient. The product
contains 189 grams of formic acid in a proprietary formulation (part of it as an azeotrope,
part of it as water soluble esters of formic acid). The total weight of the formic acid
solution (which is between 60 and 65% formic acid) is 292 g,

Colonies in each apiary were randomly assigned to the treatment group or to an
untreated control group, In each of the five apiaries, six colonies were treated with Mite-
Away 11, and four served as controls. A single Mite-Away H pad was left in place for the
duration of the treatment period. Due to cool weather during the last week of the rec-
ommended 3 week treatment period, pads were left in place for an additional [Q days. This
resulted in the Mite-Away II pads being on the colonies for 31 days rather than the
recommended 21 days.

Treatment and follow-up periods

The treatment period ran from 9 Ociober to 8 November. Mites were collected on sticky-
board collection devices (Calderone and Spivak 1995). For purposes of mite colleciion,
the treatment period was divided inlo four collection intervals. The first sticky-board was
in place from 9 to 16 October, the second from 16 to 23 October, the third from 23
October to | November, and the fourth from } to 8§ November (total of 31 days). One
colony in the Mite-Away 11 group suffocated during the first interval because the slicky
board frame reduced the bees® ability to leave the hive resulting in the entrance being
blocked.

At the end of the treatment period, the Mite-Away 11 pads were removed; and follow-up
miticides were applied to all colonies to kill remaining mites. To avoid possible problems
with pesticide resistance, each colony received four strips of Apistan and four strips of
CheckMite 1 {two of each type per hive body, Elzen et al, 2000). Two sticky boards were
used during this follow-up penod, one from 8 to 22 November and the other from 22
November to 26 December (total of 49 days).

Level of controt

For each colony, the level of control, defined as the percent mite mortality that ocourred
during the treatment period, was caloulated by dividing the number of mites collected
during the treatment period (9 October-8 November) by the number of mites collected
during both the treatment (9 October—8 November) and follow-up periods (8 November-26
December) (Feldiaufer et al. 1697; Caldercne and Nasr 1999; Sheppard et al. 2003) and
converling the resulting proportion 10 4 percent. Treatment effects were evaluated with
PROC Mixed (SAS Institute Inc 1996; Littell et al. 1996) with treatment, apiary and their
interaction term modeled as fixed effects. Analysis was performed on log transformed data
1o satisfy the assumption of homogeneity of varances,

Changes in weighis of pads

Mite-Away I pads were weighed before being placed un colonics and after each collection
tnterval. The weight change during each 7-10 days interval, expressed as a quantity {g)

@ Springer



126 Exp Appl Acarol (2010) 50:123-132

and as a percentage of the initial weighl of the formic acid solution in each pad (292 g for
gach pad), was analyzed with a repeated measures model using PROC Mixed in SAS (SAS
Institnte Inc 1996; Littell et al. 1996) with colony as the subjecl for repealed measures.
Interval, apiary and (heir interaction were modeled as fixed effects. Tukey—Kramer tests
were used to resolve significant main effects. The total weight change during the 31 day
treatment period was also calculated.

Temperature

Temperature data were obtained from the nearest weather station and average values
(mean £ SE) for the daily minimum, maximum and overail daily temperatures (24 h
basis) were calcalated.

Resulis
Lavel of control

The average level of control (Ismean + SE) was 60.2 & 2.2% in the Mite-Away 1} group
and 23.3 & 2.7% in the conirol group (Fig. 1). Treatment effects were significant (F) 39 =
125.18; P < 0.0001); but apiary effects (#; 3y = 0.87; P = (.49) and the interaction
between aplary and treatment (F, 39 = 0.40; P = 0.81) were not significant, The number
of mites collected during the treatment and follow-up periods in each apiary are given in
Table 1.

B=EA Conlrot
1 Mile-Away li

a0l

20

Lavel of Control as % Mita Mortality

Ferrls Lakerldge Mahenoy Nelaen Payson
Aplary

Fiz. 1 Average level of coatrol (% mile mortality} in the trestment end control groups during the 31 'day
treztment period From 2 October to 8 November 2005. Means within each apiary were significantly different
from each other (P < 0.85), but apiary sffects and the interaction between apiary and treatment were not
significant
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Tabte 1 The number of mites (mean £ SE) coltecied during the treatment (T) and {ollow-up (F) periods in

each apiary in the fall (n = 4 for controls and i = 6 for Mite-Away il in each apiary)

Apiary Period Control colonies Mite-Away II colonies
Ferris T 357.8 4 1654 5424 £ 1855
F 1,202.0 £ 556.7 4338 £ 1164
Lakeridge T - 5303 £ 429 2,405.8 4- 683.0
F 1,579.8 & 246.3 1,211.8 & 234 4
Mahaney T 7313 & 1423 6145 1 159.9
il 3,463 4 660.8 1,151.0 &4 254.5
Nelson T 1,076.3 & 3434 23500 % 3925
F 2,586.5 + 570.7 1,643.3 & 2128.4
Payson T 7405 4 137.3 1,2050 = 111t
F 2,532.8 + 3605 867.0 £ 2373

Mite-Away 11 pads were in treated colonies during pericd T, Follow-up ugaiments were in al! colonies
during period F

Change in weight of producis

The average gross starting weight of the Mite-Away 11 pads {(including the fiber pad and the
inner plastic enclosure) was 408.3 + 0.5 g {n = 30} wilh a difference of 13.6 g between
the heaviest and the lightest pads. The average change in the weights of the pads during
each of the four collection intervals is presented in Table 2. The effect of interval on
weight change was significant (Fy, y2 = 36.26; P < 0.0031); but apiary effects (Fy 35 =
0.20; £ = 0.94) and the interaciion between apiary and interval (F |4, 12 = 0.64; P = 0.80)
were not. Over the 31 day treatment period, pad weight decreased by an average of
1532 & 6.F g or 52,5 & 2.1% of the initial 292 g of formic acid solution. Statisties for
percentage active ingredient are the same as for weight.

Temperature
The average daily temperature and the average daily maximum and dally minimum

temperatures during each of the four collection intervals during the 31 day treatment
pertod arc reported in Table 3.

Table 2 Average change (Jsmean & SE) in the weight of Mite-Away 1I pads (n = 29 each interval) during
each interval; and total change in pad weight over the 4 week {reatment period

Weipght change Period | Period 2 Period 3 Period 4 Total
{9-16 Oct)  {16-23 Oct) (23 Oct-1 Mov)  (1-8 Nov) {9 Qct-8 Nov)
glcoiony 704 & dda 338 L+ 4.5bc 139 + 4.5d 289 £ 4.5¢ 153.24 6.1

As % initial quantity 2624 153 1.6 15he 4.8 & Lod 9.9 £ Lo 525 %21
Formic acid solution” .

Data are given as quantities (g) and as a percentage of the inilial quantity of formic acid solution. Means are
comparcd across rows (Perieds 1-4), and means with different leuers are significantly differem (Tukey-
Kramer, £ < (.05}

1 282 g formic acid solution (total of 189 g farmic acid avzilable in a Mite-Away I pad)
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Teable 3 Average dafly lemperature high, average daily temperature low and average daily lemperatore
(mean = SE; all in °C) during each collection period and over the entire 31 day treatment period

Average Period 1 Period 2 Period 3 Period 4 Total

{9-16 Oet) (16-23 Oct) (23 Qct~t Nov) (1-8 Nov) (9 Oct-8 Nov)
High 1231140 14.8 £ 1.0 79412 182+ 1.5 13.1 £ 0.9
Low 29 £ 07 34 LS =01 4+ 0.8 5715 42+ 0.8
Daily 10.7 £ 0.8 9.2 £ 0.8 4.1 4 0.6 21 £13 4807
Discussion

This stady provides the first evaluation of Mite-Away I, a recently registered product for
the control of V. desfructor in honey bee colonies. The average level of control during the
11 day treatment period in the Mite-Away II group (60.2 & 2.2%) was significantly
greater than in the control group (23.3 =+ 2.6%). This moderate level of control is likely
due to the fact that the level of mortaltity obtained with fumigants is partially dependent on
temperature (Ostermann and Currie 2004; Bahreini et al. 2004). The Mite-Away II jabel
states that the “Outside daytime tempernture highs should be between 50 and 79°F at the
time of application.” The average outside daytime temperature high during this sludy was
12.46 % 0.98°C during the first interval, exceeding the recommended 10°C {50°F; see
Table 2) at the time of application specified on the product's label. The perfermance of
Mite-Away 11 obtained here, while significant, was lower than one might expect, given that
the ambient temperatures during the study were within the recommended range.

Although not listed as requirements, several other measures of temperature also
exceeded the recommended 10°C. The average outside daytime temperatuse highs
exceeded 10°C during 211 but the third interval (7.9 &= 1.2°C) {to achieve the product’s
3 week treatment period, treatments were extended for a fourth interval during which time
the average owiside daytime temperature high was 18.2 & 1.5°C). Overall, the 31 day
average outside daytime temperature high was 13.1 £ Q.9°C, and the outside daytime
temperature high exceeded 10°C on 22 day of the 31 day treatment period. The average
outside daytime high during those 22 day was 153 £ 0.9°C.

The level of contro] obtained with the new Mite-Away Il pad with its novel packaging
and delivery system and proprietary formulation of formic acid was similar to (hat seen
with formic acid in previous studies (Feldlaufer et al. 1997; Calderone 1999; Calderone
and Nasr 1909; Satta et al. 2005; Espinosa-Montano and Guzman-Novoea 2007}, but less
than that seen in others (Calderone 2000; Satta et al. 2805). Calderone (2000) reported
mortality of 94.1 = 4.1% under similar temperature conditions in the same beckeeper’s
operation as in the current study. The average changes in pad weights in the three apiaries
in that study were 293.3 4 5.8 g (85.5% of an initial 342.9 g of a 65% formic acid
solution}, 302.1 £ 53.8 g (88.1%) and 304.9 £ 5.76 g (88.9%), considerably greater than
the 153.2 & 6.1 g (52.5 £ 2.1%) change seen in this study (Table 2). The pad in the
earlier study uses 300 ml of a 65% formic acid solution, about 20% more tharn the Mite-
Away Il pad. Additionally, the surface area of that pad is about 29% greater than that of
the Mite-Away II pad; and the area of the openings in the vented plastic enclosure is 2,03
times greater, The combined effect of these differences likely accounts for the higher rate
of evaporation and greater % mite mortality reported in thé previous study and suggests
ways to increase the level of control that can be obtained with the current Mite-Away 11
product.
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Levels of conirol obtained with fumigants, especially under cooler temperatures, raise
questions about the use of published economic treatment thresholds. Thresholds provide
beekeepers with a tool 1o help them decide if a specific pest density warranis treatment. It is
assumed that the treatment will reduce the pest density below the threshold so that the
colony will remain healthy until the next treatment window. However, because of the
temperature dependent nature of fumigants, one may not always achieve that goal with ali
combinations of pest density and temperature. Consequently, beekeepers need to know
how to use these products effectively; and that requires a method for incorporating tem-
perature-related variation in the level of control into the decision-making process.

The concept of a flexible economic treatment threshold has been used in other cropping
systems {Archer and Bynum §990), and the concept can be adapted for use by beekeepers.
To ensure that temperature-sensitive products achieve the goal of maintaining colony

_health, I propose that the traditional economic treatment threshold be replaced by a flexible
economic treatment range (ETR). This range is defined by two pest densities: a lower limit
and a product-specific, temperature-dependent upper limit. The lower limit is simply the
current economic threshold that triggers a treatment, The upper limit is the maximum pest
density that one can expect to reduce to a level below the lower limit. This new upper limit is
based on two variables, One is the lower limit. The other is the actual level of control one
will obtain with a specific product at a specific temperature. The upper limit is calculated as:

UL = LL/(1 = MMpt),

where UL is the upper limit, LL is the lower Hmit and MMy, is the level of control (i.c.
proportion of mites expected to be killed) obtained with a specific product and temperature.

Adoption of an ETR will help beekeepers use these products more effectively by enabling

them to target colonies with mite levels appropriate for the expected ievel of control,

An ETR for Mite-Away 11 under the current temperature conditions can be calculated
using data from the current study and severa! published economic thresholds. Three
economic treatment thresholds are available for northem regions. Strange and Sheppard
(2001) recommend a fall 300-bee ether roll count =3, Currie and Gatien (2006) rec-
ommend a mite-io-hee ratio >0.04 (equivalent to a 300-bee ether rell count =7, con-
version based on data from Calderone and Turcotte 1998). Ellis and Baxendale (19968)
recommend treatment when the fall ether roll count is >6 mites. The thresholds reported
in these studies vary because they apply to different times of the seuson. The upper limit
(standardized to a 300-bee ether roll count) with Mile-Away Il and a 60.2% level of
control {this study} would be 7 (based on Strange and Sheppard 2001), 17 {Currie and
Gatien 2006} or 14 (Ellis and Baxendale 1996). The resulting ETRs are: 3 < x <7,
7 <x < 17and 6 <x < 14, respectively. To the degree that mite levels exceed the UL,
treatments will become increasingly ineffective in maintainiag colony health. However,
ag the temperature (and, therefore, the level of control) increases, the upper limii
increases. Impravements to the product that increase the average level of control should
be sought. : :

Variabilily in the level of control presents a second issue that affects the determination
of the optimal ETR, Not only does the average level of conirol depend on the ambient
temperature; in addition, there is considerable variability in control from colony-to-colony
al any given temperature, Using the average level of contro! to determine the UL only
ensures that 50% of the colonies will be adequately treated (assuming that the level of
cantrol is normally distributed). The other 50% will not be adequately treated because the
level of control in those colenies will, by definition, be below average. If the vanation is
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small or the mite load only slightly above the LL, then the consequences will be minimal;
however, as varfation in conirol increases and the actual mite levels exceed the LL by
larger amounts, colonies are at increased risk. With fumigants, variation in the level of
control is greater than that seen with previous synthetics. The coefficient of variation (CV)
is a measure of a treatment's performance from colony-to-colony. Calderone (1999)
reported 2 CV of 13.43 for a thymol treatment, 23,53 for a formic acid treatment, and 0.20
for an Apistan treatment. The ratios of the CVs of the thymol and formic acid treatments to
that of the Apistan trealment were 67.15 and 117,65, respectively. The CV for the Mite-
Away 11 treatment in the present study was 23.05, similar to that reported by Calderone
{1999} using a similar dose under similar conditions.

One solution to inadequate treatment is to factor the colony-to-colony variability into
the decision-making process, In the present case, the average level of control and standard
deviation for Mite-Away Il was 60.4 + 13.9%. To determine a value for UL that will
ensure that the product reduces the mite population below the LL 95% of the time, the
proper value of MM, to use in the current example would be 32.6% (the average level of
control minus two SD). Based on that value, the ETRs calculated above would be:
3<x<4,7<x<10and 6 <x <8, respectively. This more conservative standard
reduces the risk of inadequate treatment, but severely limits the situations in which these
products can be used with a high degree of confidence. Nonetheless, these are the risks
beckeepers need to understand when using these products,

Economic treatment thresholds are central to IPM programs. The results from this study
offer several important findings related to their use with Famigants. Beekeepers should not
assurne that these products will effectively control mite populations simply because the
ternperature at the time of application falls within the recommended range. The actual level
of coptrol is a function of the ambient temperature during the treatment period, and that can
vary widely. Therefore, the decision to treat must take into account the actual level of
control obtained at a given temperature, the recommended treatment threshold and the
actual pest density in the coleny. The ETR, with its lower and upper limits, provides the
beekeeper with one tool with which lo make this decision. When the actual pest density
Falls above the UL, the product should not be recommended; or, beekeepers should be
advised that their bees are at increased risk. Beekeepers should also be made aware of the
fact that that even when using an ETR, all colonies may not be adequately treated because
a product will not produce an average level of control in all colonies.

A beekeeper’s choice of miticide is but one component in their IPM program. Colonies
must remain healthy between trealment windows. This is especially critical when the
approaching the fall treatment window because there is no time for a colony to recover if 2
serious mite problem has already compromised its health. Beekeepers must incorporale
methods into their IPM programs thal maintain mite populations at levels that do not
compromise colony health between treatments. Even a miticide thal provides a 100% level
of control is of little use if the beekeeper has allowed mite levels to rise to a point where
the eolony's health hag been seriously compromised. Therefore, recommendations for the
use of fumigants should be conservative; and beekeepers should be advised 1o monitor mite
populations throeghoul the season and to incorporate ather methods inlo their IPM pro-
grams, if needed, to keep mite populations at levels consistent with good colony health,
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APICULTURE AND Soclial INSECTS
Comparison Between Two Thymol Formulations in the Control of
Varroa destructor: Effectiveness, Persistence, and Residues

[GNAZIO FLORIS, 2 ALBERTO SATTA,' PACLO GABRAS? VINCENZO L. GARAU,”
AND) ALBERTO ANGIONT?

1. Econ. Entomol. §7(2): 187-191 {2004) .
ABSTRACT A apiary trial on the use of two acaricide formulaions {gel-Apiguard and vermiculite
and Api Life VAR) in the control of Varrea destructor (Anderson & Trueman) was conducted in
summer 2001 in Sardinia (Italy). The main goals were 1) to determine their effectivencss against
V. destructor, iaking into account natural mile mortalily in control hives; and simultaneously 2) to
determine the persistence of both formulations and residues in honey and wax, by using a new
extraction method. Both thymol forreulations, after the Lreatments, reduced significanily the levels of
mite infestations of adult bees and sealed brood, hut their efficacy, expressed as percentage of
mortality, wos lower For both products {Api Life VAR 74.8 £ 13.1 and 813 * 155, Apiguard 90.4 &
8.3 and 95.5 * 8.7 for sealed brood and adult bees, respectively) than the etficacy previeusly obtained
with the same products in other experimental conditions. Moreover, (U considerable colony-to-colony
sariubility waiy recorded, and a significant negative cffect of the thymel treatments on- colony
devetepment wns observed, During 2 wk of treatment, the bees removed nearly 96% of all the applied
product {gel or vermiculile). Resichies found in honcy collecied from the pest varied from 0.12 to
4.03 mg/ ke for Api Life VAR and from 0.40 to 8,80 me/kg for Apiguard. The residues were relatively
higherin wayx {Api Life VAR = 21.6 % 13.0; Apiguard = [47.7 % 188.9) than in honey, because thymol

is » fat-soluble ingredient.

KEY WORDS  Varroa destructor, thymol, effectiveness, persistence, residues

CONTROL IN THE aPlRY of the mite Varroe destructor
{Anderson & Trueman) is carried out with acaricides
that often are synthetie compbunds and, therefore,
give rise to problems of resistance (Milani 1999} and
residues in the hive producis {Wallner 1989}, Over the
past fw years, the worldwide trend has been toward
the use of natural substances, particularly some or-
ganic acids and thymol (Calderone 1999, Imdorf et al,
1599, Whittington et al. 2000).

To date, thymol has been Lested in powered form
wilth different quantilies and application intervals
{Imdorf et al, 1999), impregnaled in porous ceramic
carrier (Api Life VAR, Chemieals LAIF, Vigonza (PD)
Tialy) (Imdorf et al, 1895}, or included in a gel (Api-
guard, Vita Europe, Basingstoke, United Kingdom}
{Colombo and Spreafico 1999, Arculeo 2002). How-
ever, vermiculite and gel thymol-based treatments
huve never been compared with respect to effective-
ness, using & method of evaluation that takes into
account natural mite mortality, residues, and persis-
tence of thymol.

In many countries, according to the national regu-
lations, no official limits of thymol residues {maximum

' Dipartimento di Protezone delie Piante, Sezione di Fotomelogia
agraria, Univensily of Sawsar, Via E De Nicola, 0730 Sassard, [ty

? Benadl lons@ nmssat.

A Dipartimenio di Tossicologia, University of Cagliari, Viale Dinz
152-09126 Caglinri, Ttaly

residue level) have been established for honey and
wax {Wallner 1999). However, for the Turopean fooed
legislation, forelgn edors or tastes are not allowed in
honey. To date, studies on residues have been carried
out only For Api Life VAR, and the sensory perception
threshold was detected at the concentration level of
L1 mg/kg {Bogdanov et al. 1998). No data on
Apiguard residues are reported in the literature. In
addition, the extraction methods used for thymol
{ Bogdanov et al. 1998, Martel and Zepgane 2002, Nozal
et al, 2002} have some limits hecause of the presence
of interference peaks in the chromatogram that do not
allow an accurate quantification of the acaricide.

The present work aimed ak 1) comparing Lhe efli-
cacy of the two thymol formulations Api Life VAR and
Apiguard in the control of varroosis; 2) determining
the persistence of the two commercial forinulations;
and 3} assessing thymeol residues in the honey and wax,
by using a new extraction method.

Materials and Methods

Apiary Trialk. The trial was carried put in an apiary
of 13 colonies of bees of ipcal strain, derived from
Apis mellifera ligustica Spinola, placed in Dandant-
Blatt hives, during June and July 2001 in Oristano
(southern Sardinia, Italy). Before the irial, both the
mite infestation level and the size of all colonies were

0022-0493/ GLAIBT-01915¢4 0040 © 2004 Entomolegical Society of America
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monilored Lo obtain three homogeueous experimental
groups (lwo treated and ene control) of five hives
each. The mite infestation levels of sealed worker
brood and adult bees were estimated in all hives by
inspecting a total of 300 cells, in a crosswise manner,
from three combs per hive (Floris 1992a) and by
brushing =300 bees per hive from at least three combs
{Ritter and Ruttner 1980}, To establish the size of the
colonies, we estimated the surface of sealed brood by
using one-sixth of & Dadant-Blatt frame (188 cm®) as
a unit of measure (Marchetti 1985).

Two thymol-based formulations were used, sepa-
rately, as reatments: Api Life VAR and Apiguard.
According Lo the label, the first formulation consists of
walers of =12 g of vermiculite containing =~74% thy-
mol (equal to 9 g of thymol per tablet), 3.7% menthol,
3.7% camphor, and 16% cucalyptol. The second for-
mulation contains 25% thymol in a gelatin, manafac-
lured as 5-g gel portions (125 g of thvmol). One
eroup of hives was treated with Api Life VAR, one
with Apiguard. and the third was used as control, Both
formulation treatments were applied on 21 June 2001
hy using lwo half wafers of Api Life VAR or one
portion of thymol in a gel, respectively, per hive, A
second treatment was carried oul on 6 July 2001,

During the tral, fallen mites and dead adult bees
were counted in the control and reated hives twice a
week by using a white petroleuns jelly-covered plastic
sheet {userted at the bottom of each hive to count
mites, and Gary traps to count dead bees {Gary 1960).

Before, during, and after each wreatment, honey and
wax samples were collected from each treated and
control hive, 1o estimate the presence of thymaol res-
idues. Honey samnples were collected by sucking them
with a 50-iml syringe from ~100 unsealed cells from
three combs having honey in the brood nest. Wax
samples were obtained from each hive by cutling
three frames {~% em?) from different nest combs.

During the irial, Lo evaluate the persisience of thy-
mol in the formulation, samples of gel and vermiculite
from treated hives were also collected after 1 and 2 wk
from the start of the treatment. All samples were
stored at -20°C until analysis.

The efficacy of the treatments was evalvated as
percentage of mile mortality (Henderson and Tilton
1955, Floris et al. 2001).

Chemieals. Analytieal standards, thymel (88%), cin-
eole (99%), menthol (96%), and camphor (86%) were
purchused from Aldrich, Janssen (Geel, Belgium) and
Carlo Trba (Milan, Italy), respectively. A standard
stock solution {1000 mg/kg) was prepared in acetone.
Warking standard solutions were obtained daily by
dilution with diethyl ether extracts from untreated
{control) honey and wax. Diethyl ether was used as
the solvent for analysis.

Extraclion Procedure {rom: Formulations. One
gram of each formulation was weighed in a 50-ml
serew-capped tube, 20 mi of methanol (Chromanorm
for high-performance liquid chromatograpby, Pro-
labo) were added, and the Lube was agilated (15 min}
in a rotary shuker and then sonified for 5 min in an
ultasonic bath {Transsonic T460). An aliquot of
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methanol (100 ul) was diluted to 5 ml with acetone
and injeeled into a gas chromatograph (CGC).

Extraction Yrocedure from Honey. One gram of
honey was weighed in a 15-ml screw-capped tube and
dissolved in 2 g of water. Two milliliters of diethyl
ether was ndded, and the tube was agitated (10 min)
in a rotary shaker. The phases were allowed to sepa-
rate, and an aliquot of the extract was injected into a
GC.

Extraction Procedure from Wax, One-half gram of
wax was weighed in a 25-ml screw-capped tube. 5 ml
of methanoi/water (1:1) was added, and the tube was
plunged in hol water at 70°C until the wax disselved,
and thes agitated for 1 min in vortex. After ccoling at
room iemperature, 5 ml of diethyl ether was added,
and the tube was agitated for 15 min in arotary shaker.
The phases were allowed to separate, the ether extract
was centrifuped and an aliquot was injected inlo a GC.

Recovery Assay, Untreated samples of honey and
wax were fortified with 0.1, 0.5, 2.0, and 5.0 mg/kg
thymol, menthol, cineole, and camphor, respectively,
and processed according 10 the procedure deseribed
above. At each fortiication level, four replicates were
analyzed,

Apparatus and Cliromatography. Samples were an-
alyzed using an HRGC 5160 Mega series gas chro-
matograph fitted with a flame ionization detector
{FID) 80, an AS 800 autosatnpler, and a split-splitless
injector (Carlo Erba, Milan, Italy), connected to a HP
3396 A reporting integralor {[Iewlett Packard. Avon-
dale, PA). The column was a fused silica capillary DB-5
MS (5% phenyl-methyl-polysiloxane, 30 m by 0.25 mm
idand Alm 0.1 pm} (J&W Scientific, Folsom, CA). The
injector and the detector were at 100 and 200°C, re-
spectively. The samples (2 jul) were injected in the
split mede (1:10) for the formulations and in the split-
less made (30 5) for the other samples. The oven
temperature was programmed as follows: 60°C hold
5 min, raised 1o 130°C (2°C/ min) hold 4 min, raised to
180°C (10°C/min). Helium was the carrier and the
makeup gasat L8 and 30 ml/ min, respeetively. The air
and hydrogen Hows for the FID lame were at 250 and
30 mi/min, respectively, The calibration curves were
calculated between pesk height and concentration
using the external standard method.

Statistical Analysis. The dala were analyzed by anal-
ysis of varfance (ANOVA} after arcsine transforma-
lion (arcsing \/y/100), in the case of percentages, to
reduce the heterogeneity of the variance. The tables
and [gures show the nontransformed values. When
the F-tesls were significant, means were separated
applying the least significant difference {(LSD) test
(P < 0.05) (Statigraphics Plus 1998).

Results

Efficacy of Treatments. Tablc 1 shows that before
treatment no statistically signilicant differences ex-
isted between the three experimental groups regard-
ing the size of sealed brood area (F = 0.00, df =2, P =
0.9953), and the infeslation level of both sealed worker
brood (F = 0.00; df = 2; P = 1} and adult bees (F =
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Mile infestntion Yovel and scaled brood area (mean  $D} in the experimental hives groups before nad afier treatrment

Waorker brood infestation (%)

Adull bee infestation (%)

Sealed hyood aren (emn®)

Treatment Before After Belore After Before After
lreatment treatmenl treatment lreatment trealment lreatment
Apiguard 26+ 12a 07z 3.5a Jixl7a 04 * 08a 2387.6 £ 1071 6a 0024 & 319 6a
Api Life YAR 36 * t.0a 172 G6a 28+ 10 15210 2252 & 1128 0x 10904 2 263.2a
Control 265+ 22a 8.4 +48h 21 +08a Ao A1b 658 + 077 6a 15980 = :28‘.’.(_)b

Means in each column foflowed by different lellers are significantly different at e o = 00 Jevel (ANQVA lollowed by LSD st}

Tabe %, Efficacy of thymel treniments ogeinst V. desiructor
evalnated by tho fellowing equation M% (percentage of mortal-
ity) = 100[ 1 — (Br - A1lBi-Ac)), where Bt and At erethe pereentage
of mite infeatntion levels in treateld colonics belore and afier treal-
meut, respectively, and Be and Ae are the same paranteters in
uotrented eoloniea

i Sealed brood Adull bees
Vi
WS pigmurd Ap: Life VAR Apiguard  Api Life VAR
1 02,9 949 076 98.5
3 Y 611 100.0 58.9
3 850 66.7 50 08
4 100 792 1000 301
5 723 106.0 756
Mean = SD 504 © 83 748131 953:47 8132155

Means are nol significantly different (ANOVA. P > 0.05).
“ Upavailable due to absence of sealed brood in the kive.

0.84, df = 2, P = 0.4541), At the end of the treatmeunt,
infestation levels fell considerably in the treated hives
and were significantly different from the control one
{(F = 1414, df = 2, P = 9.0017 for sealed brood; F =
11.86, df = 2, P = 00014 for adult bees) (Table 1).

In the Apiguard-treated group, the efficacy of the
treatments, expressed as perceniage of mortality. was
90.4 = 83 and 85.5 = 8.7% for the sealed brood und the
zdults, respectively (Table 2). In the group treated
with Api Life VAL, mortality values were 74.8 + 13.1
and 81.3 *+ 15.5%, respectively, for sealed brood and
adult bees. Differences between both formulatons
were not siatistically significant (F =182, df = 1,P =
0.0015 forthe seaded brood; F=4.63,df = 1, P = 0.0635
for the adulis) {Table 2).

10600 -
900

800 -
00

500
kit

200 1
140 1

Before 1st week

treatmend

20d week

The pattern of fallen mites during the trial is shown
in Fig. 1. The highest mortality was found in the Api-
guard-treated group in the first week of treatment,
and, after replacement of the doses, in the third week,
However, differences between both formulations
were ot statistically significant. Differences between
treated groups and the control were stalistically sig-
nificant only at the end of the Arst week (F = 4.54, df =
2, P = 0.0341).

The sealed brood area was signilicantly lower in the
wreated groups than in the control (F = 542, df = 2,
P=0.0285) (Table 1), Neither adull bee mortality nor
robbery was observed. : 7

Thymol Persistence and Residues. The tters of
thymolin Api Life VAR and Apiguard used in the trial
were 56 and 18%, respectively, whereas the tilers de-
seribed on their lubels were 74 and 25%, respectively.
Based on these titers the thymol inilial conlents of the
formulations were 6.7 g against 89 g for Apilife Var,
and 9.0 g against 12.5 ¢ for Apiguard. During the trial,
1 wk after the treatment, the thymol content fell to
3.4 = 06 gand to 1.4 % 0.5 g for Api Life VAR and
Apiguard, respectively. Afler 2 whk, the residual for-
mulation looked “propolized” and scattered by the
bees. The mean relensed amount of thymol frem the
formulations was =30% for Api Life Var and ~85% for
Apiguard in the first week.

Thymol residues in the honey collected before
treatment, from the control and reated hives, when
present, were very low (0.1 * 081 wg/kg). Con-
cerning the hives treated with Api Life VATY, the mean
thymol residues in the honey were 1.97 + 1,84 and

B Apiguard [0 Api Life VAR B Conirol

4L week

3rd week

Fig. 1. Woeekly average number + SEM of fallen miles during trestment period, Wirhin each date, dilferent letters above
bars incicale significant differences at the a = 0.01 level (ANOVA lollowed by 1.8E Lest).
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Toble 3.
trealmenta were siolisticnlly analyzed separately
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Haney thvmaol rosidues (nicons + 5D} in trenled colonies after 7 omd 1-4 4 from the start ofibe iventment, The two eanseeutive

Treatment |

Treabment 3

Acareide Samples collected Samples eollected Samples collected Samples colleeled
after 7 days (mg/ke) after i1 days {mg/kg) after 7 days (mg/kg) after 14 days {englkg}
Api Life VAR 157 £ 1.54a 0.75 = 0.44b 05+ 1 Gla 082 + {1.57a
Apiguard 307 = 1.4tk 059 = 9770b 255 350 046 = Dhln

Means within each restment followed by different lelters are signiBeantly different at the o = 0.01 level {ANOV A followed by LSD Lest)

.75 £ 0.44 mg/kg at the end of the frst and the second
week of treatment, respoctively. After 2wk, the wafers
were replaced and the residues increased consider-
ahly in the third week (1,05 & 101 img/kg) to Fall again
in the next 7 d to the value of 0.62 = 0.57 mg/kg
{Table 3).

In the Apiguard-treated hives, the variability in the -

concenlration of thymol residues and the residue fall,
observed between the frst and the second week and
between the third and the fourth week of Ureatment,
were similar to those found in the Api Life VAR-
treated hives {(Table 3), The two-factor ANOVA con-
sidering as factors the type of acaricide and the time
of sampte eollection {7 and 14 d from the start of the
rreatment} showed no statistically significant differ-
ences between acaricides (F= L04,df = [, P = (3226
for the lirst treatment; F= 183, df =1, P = (.1041 for
the second treatment), whereas the deeline in thymol
residues observed for both acaricides between the lirst
and second week of adminisiration was statistically
significant for the first wreatment (F = 870, df = 1,
P = 0.0090) but not for the second one (F = 104,
dF = 1, P = 0.3226). ,

Thymol residues in the wax collected before treat-
ment and at the end of the fourth week of realment
are shown in Table 4. AL the end of the treatments,
Apiguard-irealed hives showed the highest wax thy-
mol residue, Api Life VAR-treated hives were inler-
mediale, and the control showed the lowest residue
(F=29297, df = 2, P = 0.0001).

Discussion and Conclusion

In this study, both formulations had = significant
negative effect on colony development, showing a
lower efficacy compared with previous trials carried
oul with the same acaricides in different experimental

Table 4, Wax thymo! residues (mesns & SI} in freated and
conlrol hives belfore and at ibe end of the Lo Lrentments

2 3 th
Before treatment At the: end of tho

Acaricide two trealments
(mefke) (mg/ k)
Api Lde VAR nd 256 * 130a
Apigunrd 1007 M7 7+ 188.9b
Contral 29+ 46 1508

nd. not deteclable.

Means detected at the end of the two treatmeniy followed by
different lotiers are significantly different st the & = 001 level
{ANOVA followed by LSD 103t)

conditions or in the same environment {(Imdorf et al.
1995, Colombo and Spreafico 1999, Arculeo 2002). A

‘high colony-to-colony varinbility of the thymeol effec-

tiveness against V. destrietor found in ouor apiary was
similar to the one described in the above-ciled articles.
Approximately 95% of the wafer and gel were removed
by the bees during the first 10 d ofter the treatment.
After 2 wk, residues in the honey collected from the
nest were below the perception sensory theeshold
esiablished by Bogdanov et al. (1998).

The negative treatment effect on colony develop-
ment, recorded 25 a reduction in brood area, was
probably due to a partial brood removal by the bees
during the treatment period, as observed previously
by Iindorf et al. {1995) for Api Life VAR, In our trinl,
this effect was gquantified and significan! in treated
hives, for either product, compared with the untreated
ones. However, the observed redoction in hrood area
did not affect colony productivity, because the treat-
ment was performed in summer, when a vatural de-
crense in colony size usually oeeurs in gur environ-
ment (Floris 1902b). Therefore, thymol-based
trealments should not be performed during the period
of natural increase in colony size.

The high variability in the efficacy of the two thy-
mol-based treatments suggest that the acton of this
volatile compound was influenced by biclogical
and/or climatic factors. The outside mean daily tem-
perature during the whole treatment perod was on
the average 24.4°C and daily values always remained
above 11 G°C. The sealed brood was present in the hive
during the treatment period as previcusly observed in
a study on population dynamic of bees conducted in
the same environment (Floris 1992b).

An imporiant difference observed between the bwo
farmulations regarded the amount of thymol released
in the Arst week of the treatment, which was a lot
higher from the gel of Apigvard. Based on these re-
sults, we think that the wse of Apiguard could be
improved using o shortler application intervad {10 d)
than the one recommended in the label {15 4).

Concerning residues, the method devised in the
present work for the extraction of the thymol was
extremely rapid and required no clean up, unlike the
methods deseribed in previous reports (Bogdanov et
al, 1998, Martel and Zeggane 2002, Nozal et al. 2002),
because the extracts showed no interference peaks,
The average recovery for honey was U7% (range 8-
111%) with a maximum coelficipnt of variation (V)
of 5.6%, whereas for wax it wos 89% (range 82-98%)
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with a maximum CV of 8.5%. A good linenrity was
achieved in the §.1-5.0 mg/kg range wilh a correlation
coellicient of 0.9994. The limit of determination
(Their and Zeumer 1987} was (0.1 malke.

Residues in honey were exiremely variable, as re-
ported by Bogdanov et al. (1998). The more abundant
release of thymolin the first week of application {wa-
fer or gel) is partly retained by the honey; however,
some of it evaporates from the honey during the see-
ond week. Considering that thymol is highly volatile,
variability could be due to different microclimatic
conditions in the hives. The higher presence of thymol
found in the wax than in the honey was likely due to
apolar nature of both thymol and wax.

Finally, a better use of the thymol formulations
tested, such as shorter application intervsl, particu-
larly for the gel one, could represent an alternative to
synthetic acaricides in inlegraled conlrol strategies of
V. destructor under the same environmental condi-
tions. A very importani advantage in using thymol is
that no maximum limit for its residues in honey is
imposed, and no mile resistance has been found yet.
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Comparing Oxalic Acid and Sucrocide Treatments for Varroa
destructor (Acari: Varroidae) Control Under Desert Conditions

D. SAMMATARO,!2 ], FINLEY,! axn R. UNDERWOOD?

J. Econ. Entomol. 101(4): 1057-1061 {2008)
ABSTRACT The effectiveness of oxalie acid (OA) and Sucrocide: (8) (AVA Chemical Ventures; LL.C,,
Portsmouth, NH) in reducing populations of the varroa mite Varroa destructor Anderson & Trueman
{Acari: Varroidae) in honey bee, Apis mellifera L. (Hymenoptera: Apidae} colonies was measured under
the desert conditions of Arizona, USA. OA and § were applied three times 7 d apart. A 3.2% solution of
QA was applied in sugar syrup via a large volume syringe, trickling 5 ml per space between frames in the
colony. § was applied at a concenkration of 0.625% {mixed with water), according to the label directions,
using a campressed air Chapin sprayer at 20 psi to apply 59 m per frame space. Varroa mites, collected
an a sticky beard befare, during, and after the trentments, were counted to assess the effectiveness of the
treatments. This study showed that a desert climate zone did not confer any posilive or negative resulls
on the acaricidal properties of OA. Even with brood present in colonies, significant varroa mite mortality
occurred in the OA colonies. In controst, we found that Sucrocide wiis not effective as u mite control
technique, Despite its sbility to increase mite mortality in the short-term, varroa mile populations measured

posttreatment were not affected any more by Sucrocide than by no treatment at all.

KEY WORDS  Apis mellifera, Varroa destructor, oxalic acid, Sucrocide, desert conditions

The purasitic honey bee mite Varroa destructor
{Anderson & Trueman 2000) (Acari: Varroidae) is a
seripus pest to honey bee (Apis mellifera} colonies,
and it has caused large bee losses for >10 yr {Krause
and Page 1995; Finley et al. 1996}, These mites have
been responsible for coleny deaths in part hecause of
their role in transmitting bee viruses {Allen and Ball
1996; Ball 1993; Kevan et al 2006). More recently,
mites and virus have been considered at least partially
responsible for the colony losses associated with col-
ony collapse disorder reported in 2007 {VanEngels-
dorp et al. 2007). Varroa mites are becoming resistant
to the registered chemical treatments Huvalinate and
coumaphos, both in the United States (Eichen 1993
Elzen et al. 1998, 1999; Elzen and Westervelt 2002) and
in Evrope (Miani 1994, 1995; Lodesant et al. 1995,
Lodesani 1996, Thompson et al. 2002}. This is driving
investigations inta alternative treatment reghmes, in-
cluding botanical cils {Imdorf et al. 1999), selection of
mite resistance in bee lines {Spivak and Reuter 1998;
Rinderer et al. 2000, 2001) and exploration of fungal
pathogens (Kanga etal. 2003). Recently, organic acids,
such as oxalic acid, and sucrose esters, have emerged
as tools to control resistant mites.

Meation of a proprictary product or trade nante does not ¢onstitule
its use ever that of any uther Hke produset by the USDA-ARS.

1 Carl Hayden Bee Rescorch Laborlory, UST2A - ARS, 2000 East All
Rd., Tucson, AZ 65719,

2 Corresponding anthor, eomaik disnasammataro@ers.usda.goy.

1 Department of Entomolagy. Peansylvania State University, 501
ASE Bklg. University Park, PA 16302,

Oxalic acid {OA) has been used successfully in
Europe and Canada (Gregore and Planine 2001, 2002,
Chagriere snd Imdorf 2002; Nanetti et al. 2003; Gre-
gore and Poklukar 2004) by trickling a sugar (sucrose)
syrup and QA solution on hees, or by heating OA
crystals in hives, creating a vapor (Rademacher and
Harz 2008a,b ). In the vapor stage, OA can be effective,
but it has low volatility (Alianc et al. 2006): therefore,
it must be heated, making it difficult to control the
dosage. In addition to being imprecise, vapor phase
application could be hazardous to the operator, be-
cause OA is harmful if inhaled and can cause severe
irritation und burns (MSDS 06044). The trickling
methed, using 3 to 3.5% solutions has been reported ko
have an efficacy of 90-95% (Rademacher and Harz
20061). Although the mode of action against varroa
mites is not clearly understood, it seems that direct
contactwith the low pH of OA has a deleterious effect
on the mite {Nanetti et al. 2003).

Another compound, Suerocide (5), is a product
registered for varroa mite control in the United States
(AVA Chemical Ventures, Portsinouth, NH). The ac-
tive ingredient (sucrose octanoate esters), was re-
ported to have rapid toxie effects on soft-bodied
arthropods, and it was shown to be effective at con-
trolling varroa mites (Sheppard et al 2003; Stang-
hellini and Raybold 2804, Stanghellini et al. 2005}, The
mode of action has been somewhat controversial and
cauld be a result of rapid sulfecation by soap particles,
damage to the mites’ cuticular surface eausing them to
desiceate, or toxic fatty acids {Puterka et al. 2003).
Sucrocide is applied as a liquid so the material comes
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in direet contact with the phoreric mites on bees.
Because both OA and Sucrocide work upon divect .
contact with the mite, neither will be effective against
immalure varroa mites that are in sealed bee brood.
Thus, these treatments are reported to work best when
the brood levels are low, such as in the fall, when more
mites are phoretic and thus vulnerable to treatments.

Although boeth of these treaiments are reported to
be effective as a varroa mite control, thelr efficacy in
dryer climates has not been investigated. In addition,
brood production rarely stops in Arizona, so varroa
mile populations ean remain high. The purpose of this
study was 10 test the efficacy of liquid treatments of
0A and Sucrocide in reducing varreamite populations
in the desert southwest (Arizona) even when brood is
present,

Materials and Methods

Colonies of bees were owned by a local commereinl
beekeeper who rarely used chemical controls. They
were located at the Willow Springs Ranch, Oracle,
Pinal Co., AZ. Befare application, colonies were
screened for mite Joads by using sticky bouards {Os-
Hguy and Sammataro 2000). Mites that dropped onto
the boards (mite drop) were considered killed by the
treahnent. For each treatment, we selected 10 colo-
nies that were in two deep Langstroth hive bodies and
contained an average of 17 franes of bees. Treatments
began in October, when the mite population reached
>50 mites on the pretreatment sticky boards. Cluster
sizes were assessed pre- and posttreatment by esti-
mating the number of frames of bees in each colony
to determine whether the treatments had a detrimen-
ul effect on the bee populations. Braod was present
in all colonies, with an average of five frames of capped
brood, but brood area was not officially counted due
to consiraints of time and colony temperament. Col-
onies were randomly assigned to three treatments: 1)
untreated control, 2) OA treated, and 3) § treated.

Oxafic Acid. OA was applied n sugar syrup, To
obtain a 3.2% OA solution, 1 kg oF sucrose was added
to } liter of warm water and stirred until the sugar was
dissolved. Then, 75 g of oxalic acid dihydrate was
added to the syrup and the resulting solution (3.2%
OA; 50% sugar, wivol) was enough to reat =25 hives
{10 frames per hive). A large-volume syringe {60 ml)
was used to deliver 5 m!l per interspace between bwo
Frames end to end. Treatments were only delivered to
frame spaces that contained bees; any empty frames
were nat treated. Average dose per coleny was 5¢ ml
af OA. Colonies were given three treabments 7 d apart.

Sucrocide. § was applied at a concentration of
0.625% (mixed with water}, according to the iabel
directions. The solution was applied using a com-
pressed air Chapin sprayer at 20 psi through a Chapin
0.2 gallons per minute flat fan nozzle. The nozzle
design.nllowed the tip to be guided between the frame
spaces during application, eliminaling the need to
remove each frame. Spray was administered to each
interspace between frames at arate of 59 il per frame
space (85 calibrated on the spraver); an average of 580
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m! was applied to each colony. Treatments were only
delivered to frame spaces that contained bees; any
empty frames were nat treated. The bees were treated
three times every 7 d.

Estimaling Mite Mortality. Sticky boards (Great
Lakes IPM, Vestaburg, M) were covered with 8-mesh
hardware screens stapled to a preglued paper (Os-
tiguy and Sammataro 2000}, and they were in place on
the bottom board in all colonies during each sampling
period. The pretreatmeni period was for 7 d belore
trealment. There were a total of three treatment ap-
plications and corresponding “treatment week” sticky
boards. New sticky boards were inserted within 30 min
of each treatment application and were removed 7 d
later. Posttreatment samples began 7 d after the last
treatment and lasted for 7 d. Posttreatment mite drop
was enhanced by the insertion of acarieide strips (fol-
lowing label directions for Apistan (Zoéeon, Schaum-
burg, IL). Because this beekeeper reported that he
rarely usedt chemical miticides, wewere confident that
mites in these colonies were not significantly resistant
ta fluvalinaie; this was confirmed by the high postmite
drop counts.

Statistical Analysis. Mite drop onto sticky boords
{and cluster size} was analyzed uging a repeated mea-
sures analysis of variance (ANOVA} (PROC MIXED,
SAS Tnstitute 1989). When a significant treatment X
time interaction was found (P << 0.05), mite drop at
ench time period was compared with drap during the
pretreatment period. Contrasts were used to deter-
mine differences between treatments in each time
period using Bonferroni-corrected o values,

Results

Varroa mite drop onto sticky boards was affected by
treatment over thine (F=9.16;df =4, 108; P << 0,0001).
Mite drop in each treatment increased significantly
from pretreatment samples to those collected during
each of three during-treatment sampling periods com-
pared with no increase in control colonies {df = 2, 27;
P < 0.05) {Fig. 1}. Comparison of mite drop bebween
pre- and postireatment samples showed that only the
oxalic acid-treated colonies had a significantly smailer
increase than the control colonies (OA: F = 9.05; df =
1,27 P = 0.0168; 8: F == 1.3d; df = 1, 27; P = 0.7692),

Discussion

OA in syrup and Sucrocide in water were vsed in
this experiment hecause of the similarities of applica-
tion techniques {trickling and spraying) and the fact
that they needed to be reapplied over time. Addition-
ally, little researeh has been done comparing the per-
formance of these products in dry climates and
whather the drier climates would influence the effi-
cacy of liquid applications of acaricides.

OA was effective as a varroacide in a desert envi-
ronment and assuming all of the remaining mites were
killed during the 7-d posttreatment sample with Ap-
istan in colonies, 70% of mites were killed by the OA
treatment. This compares with published reports of
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Mean Mite Drop by Treatment/Week
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Fig. 1. Meuan £ SE varron mite drop onto sticky boards

in controt colonies and colonies treated with exalic acid or
Sucrocide before treatment (PRE), in each of 3 wk during
treatment (WK1-3), und after treatment (Post} when Ap-
isktar: was applied. An asterisk indicates a significant differ-
ence in the change in mite drop over time in the control
versus treatment colonies for each Hme period compared
with the pretreatment period (P < 0.05).

afficacy rates of 39 to >90% depending on the time of
year QA was applied und the concentration of OA in
the syrup (3-7%). The presence of brood seems to be
the deciding factor in lower efficacy in the summer
{Rademacher and Harz 2006a), especially in temper-
ate climates. Higher QA concentration does not nee-
essarily mean better control of mites and in some cases
was detrimental to bees (Rademacher and Harz
2006h ). The low pH (Nanetti and Stradi 1997, Nanetti
1999) of the OA solution may be a factor in the mode
of action against varroa, because divect contact of the
mites with the solution is needed to kil mites. By
mixing OA in sugar water, the selution is atiractive and
distributed by bees and thus would come in contact
with bees and mites through the colony.

Sucrocide was not effective in this study, a finding
that is cantrary 1o published reports by Sheppard et al.
2003, Stanghellini and Raybold (2004), and Stang-
helini et al. (2005). Although mite drop significantly
increased in our S-treated colonies compared with the
untreated controls during the three weeks of treat-
ment, the chonge in mite drop from the pre- to post-
treatment period was no different from that in control
colonies that were left untreated. In addition, wetbees
{rom Sucrocide-treated colonieswere sbserved crawl-
ing at the hive enlrance, probably 4 result of the large
amount of liquid that was administered to each colony.
In some instances, such disoriented bees could atirnct
robbing foragers and may be problematic given the
right condilions. Crawling bees were observed on sev-
eral occasions, although the bees did recover eventu-
ally and no adverse effects were observed (F = 2.34;
df = 3, 927; P = (.1160) when postireatment cluster
size was measured {data not shown).

In general, we found that the method we used to
apply OA was effective. One potential hurdle to
overcome with using u liquid-applied treatment is
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the need to develop an economically feasible ap-
plication method for commercial beekeepers that
reproduces the results of our “trickle” method.
Spravers can he used ta apply OA, but if the mist is
too Ane, there is apotential danger that the operator
could inhale the causlic vapor. Other coarse spray-
ers could be used as long as the correct dose was
applied and inhalable mist was not created. Also,
because of the caustic nature of OA, corrosion of
metal parts is possible, so noncorrosive equipment
is essential, Asindicated in our Sucrocide treatment,
delivery concentrations may need to be adjusted to
minimize the amount of liquid delivered to each
volony; there is o limit 10 how much Hquid bees can
tolerate. Under our hot desert conditions, bees
dried very fast, but in more temperate climates, wet
bees may be chilled or unable to lly back to their
colony and could die.

This study showed that a-desert ¢limate did not
cenfer any positive or negative results on the aca-
ricidal properties of OA. Even with broed present in
colonies, significant varroa mite mortality occurred.
In conclusion, OA is an effective control method for
varrea mites if applied as directed. By treating sev-
era} times a year in the desert climate where birood
production does not stop, OA lreatments should be
enough to offset the buildup of mite populations and
keep them from reaching critical levels. The timing
of miticides in relation to mite population is essen-
tial in the survivership of bee colonies infested with
varroa mites (DeGrandi-Hoffman and Curry 2004).
OA is an attractive alternative mite control tech-
pique in that there are no residues in beeswax and
propolis as there are with other chiemieal acaricides,
due to the hydrophilic properties of OA (Hadema-
cher and Harz 2006b }. Using the recommended dos-
age, it is unlikely that OA will be detected in honey,
because of the small valume applied during treat-
ment, Also, natural concentrations of OA have been
recorded from 3.3 to 7614 mg/kg (Bogdanov et al.
2002, Rademacher and Harz 2006D) depending on
the concentratiens in the vectar from various bo-
tanical origins. Aslong as OA is carefully applied, its
loxicity to the operntor by inhalation or skin contact
will be avoided. In contrast, we found that Suero-
cide was not elfective as a mile control technique.
Despite its ability to increase mite drop in the short-
term, varroa mite populations measured posttreat-
ment were not affected any more by Sucrocide than
by no treatment at all.

Milani (2001) has suggested that glyeerol added 10
sugar solutions may act as asynergist, cousing OA (and
possibly sucrose esters) to become more hygroscopic.
Experiments are currently underway in our lab to
investigale this property and to test the effects on mite
and bee mortality by mixing glyeerol in both Sucro-
cide and OA solutions.

Acknowledgments

This research wus supported by the Nutional Honey
Bourd and the Almond Bouard of Califernia, Specinl thauks



1060

to George Hanson; Steve Gibson; Drs, G, DeGrandi-Hoff-
man, A, Nanetti, ]. Skinner, and R. Alarcon; D. vanEngels-
dorp: and all the beekeepers who supported this project.
Thanks also to the anonymous reviewers whose commenls
improved this paper.

Relerences Cited

Aliang, N. P, M, D. Ellis, and G. D. Sicglvied. 2006. Acute
contact toxicity of Oxalic Acid to Varren destructor
(Acari: Varroidae) and their Apis meflifera (Hymenop-
tern: Apidae) hosts in luboratory bioassays. J. Econ.
Entomol, 99: 1579 -1582,

Alen, M., and B. Ball, 1886. The incidence and world dis-
tribution of honey bee viruses, Bee World 77: 141-162.

Andersan, D. L., snd LW.IL Trueman. 2000. Varvoa jacob-
soni (Acariz Varroldne) is more than one species. Exp.
Appl. Aearol. 24: 165-189. '

Ball, B. V. 1993. The dumaging elfects of Varroa jocobsoni
infestation, pp. 9-18, In A, Matheson [ed.], Living with
Varroa, Intenationul Bee Research Association, Cardiff,
United Kingdom.

Bogdanov, §., J. D. Charriire, A. Imdorf, V. Kilchenniann,
and P. Fluri. 2002. Determination of residues in huney
ufter treatmenls with fermic nnd oxalic aeid under Geld
conditions. Apidologie 33: 399 - 409,

Charritre, J. D, and A, Imdorl, 2002. Oxalic aeid treatment
by trickling against Varroa destructor: recommendations
for use in central Burope and under temperate climate
conditions. Bee World 83: 51-60,

DeGrandi-Heflman, G, md R. Corry, 2004. A mathemati-
cal modelof varroamite {Varroa destructor Anderson and
Trueman} and honeybee (Apis meflifere L.) population
dynamics. Int. J. Acarol, 30: 259274,

Eichen, F, 1995. Varroa resistance to lluvalinate. Am. Bee |
135: 815- 816,

Elzen, P 1., F. AL Eischen, J. R, Baxter, J. Peltis, G. W, Elzen,
and W.'F. Wilson. 1998, Fluvalinate resistance in Varroa
Jacobsoni from several geographic locations. Am, Bee ],
138: 674 -676.

Elzen, P. ., J. R. Baxter, M. Spivak, and W. T. Wilson, 1998,
Amitraz resistance in varrox new discovery in North
America. Am, Bee J. 135 362,

Elzen, D. ., and I, Westervell. 2002. Detection of couma-
phos resistance in Varroe destructor in Florida. Am. Bee
J. 142: 291292

Finley, J. §. Crnazine, and M. Frazier. 1996. The epidemic
ol honey bee colony losses during the 1095-1996 season,
Amn. Bee J. 136: 805-808,

Gregore, A., and L Plonine. 2004, Acaricidal effect of oxalic
acid in honevbee (Apis mellifera) colonies. Apidelogie 32:
333-340,

Gregore, A, nnd L Planine. 2002, The control of Vaerroa
desiructor using oxalie acid, Vet, J. 163: 306 -319.

Cregore, A, ond J. Poklukar, 2004. Dynamics of falling var-
roa mites in honeybee (Apis mellifeva) colonies following
axalic acid treatments. Acta Vet Brno 73: 385-381,

Imvdork, A., 5. Bogdanov, R. L. Ochon, and N. Calderone. 1944,
Use of essential oils for the contral of Varroa jacobsent
Cud. in honey bee colonies, Apidologie 30; 209228,

Kanpa, LH.B., W. A, Jones, and R, R, James, 2003. Field
trials using the (ungal puthogen. Meterhizium aniseplise
{Deuteromycetes: Hyphomyeetes) to controi the ecto-
parasitic mite, Varros destructor (Acari: Varroidae) in
honey bees, Apiy mellifera (Hymenoptera: Apidae) col-
onies, ]. Econ. Entomol. 86: 1051-1099.

JournaL oF Economic ENrosMoLocy

Vol, 104, no. 4

Kevan, P. G., M. A. Hannah, N, Ostiguy, and E. Guzman-
Novoa, 3006, A summary of the varma-virus disease
complex in honey bees. Am. Bee J. 146; 694- 697.

Krause, B., and R. E. Page, Jr. 1995, Effect of Varroa focoh-
soni {Mesostigmabe Varroidae) on feral Apis mellifera
(Hymenoptera: Apidae) in Californix. Environ. Entomol.
24: 1473-~1480,

Lodesani, M. 1996, Variabilit dellefficaciz terapeutica ot-
tenuta contrattamento di Perizin L'Ape Nostea, Amica 18:
5-9,

Lodesani, M., M. Golombo, ind M, Spreaficn. 1995. Ineffec-
tiveness of Apistan™ treatment ugainst the mite Varrve
Jacobsoni Qud in several districts of Lombardy {italy).
Apidologie 26: 67-72.

Milani, N, 1994, Possible presence of fluvalinate-resistant
strains of Varroa jreobsoni in northem lialy. New per-
spectives on varroz, p. B7. In A. Matheson |ed.]. Pro-
ceedings of the International Meeting, Prague. 1993, In-
ternalional Bee Resenrch Association, Cardiff, United
Kingdom.

Milani, N. 1895. The resistance of Varron jacohsonf Oud. v
pyrethroids: a laboratory assay. Apidologie 26: 415-429.

Milani, N. 2001. Activity of oxalic and citric acids on Lhe
mite Varroa destructorin laberatory assays. Apidologie 32:
127-1138.

WNanetli, A. 19989, Oxalic acid for mite control-results and
review. Coordination in Europe of research an integrated
control of Varroa mites in honey bee colonies, pp. 6-11,
Commission of the Buropean Commanities, Merelheke,
Belgium,

Nanectty, A., and G. Stradi. 1997. Varroosis: chemical treat-
ment with oxalic acid in sugarsyrup. L’Ape Nostra. Amica
19: 6-14,

Nanstti, A, R. Buchler, J. D). Charriere, . Fires, §. Helland,
A, Imdorf, 5. Kerpela, and P. Kristinnsen, 2003. Oxalic
acid treatments for virroa control (review). Apiactn 38:
AI-§7. .

Ostiguy, N., and D. Sammatwro, 2000. A Simplified tech-
nique lor counting Varroa sticky boards. Apidologie 31:
TOT-716,

Puterka, G. J., W. Farane, T. Palmer, and A, Barrington.
2003, Structure-function relationships affecting the in-
secticidal und miticide nctivity of sugar esters. §. Econ.
Entomol. 96: 636 644, :

Rademacher, B, and M, Harz, 2008a. Effectiveness of oxalic
acid for controlling the varroa mite. Am. Bee ], 146:
G14-617.

Rademacher, E., and M. Harz. 2006b. Oxalic acid for the
control of varroosis in honey bee colonles-a review. Api-
dologie 37: 88 -120.

Rinderer, T, E, L. L. De Guzman, G. T. Delaite, J. A, Stelzer,
I. L. Williams, L. D, Beaman, V. Knznctsoy, M. Bigalk, §. ).
Hernard, and H. Tubbs. 2081. Multi-state field trinds of
ARS Russian honey bees: 1. Responses to Varroe destric-
tor 1999, 2000, Am. Bee }. 141: G35-661.

Rinderer, T. E., L. L. de Guzman, J. Havris, V. N. Kuznelsov,
G. T. Delalte, J. A, Stelzer, and 1,. Beaman. 2000. The
release of ARS Russian honey bees, Am, Bee J. 140: 305~
7. .

Sheppard, W. 5, AL Gardner, S. Hasher, B. Kabkonen, M. D.
Meixner, and J. P. Skrange, 200). Use of sucrose oetano-
ate esters ko control the parasitic honey bee mite Varrea
destryctor. Am, Bee | 14: 882-9585.

5AS Institute, 1999, SAS/STAT user’s guide. SAS Institute,
Cary, NC.

Spivak, M., and G. 5. Reuter. 1998, Perlormance of hygienic
honey bee colonies inp commereialapiary. Apidologie 29;
291-362,



August 2008

Stanghelini, M. 5., and P. Raybeid. 2004. Evaluation of se-
lected biopesticides for the late full control of varroas
mites in o northern temperate climate. Am. Bee J. 144
475-480.

Stanghellini, M. 5., |. Hayes, E. Burhs, ), Diaz, . Ravbold, and
D. Westervelt. 2005, Varron mile suppression with a
simplified Sucrocide application methed and the effects
of sucrose octancate on honey bee eggs and larvae. Am.
Bee J. 145; 587-590.

SAMBATARO ET AL: OXALIC ANE SUCROCIDE FOR VABRROA CONTROL

1061

Thompsan, FL M., M. A, Brown, R, F. Ball, and M. 11, Bew,

2002, First report of Varroa destructor resistance lo py-
rethroids in the UK. Apidologie 3% 337-366.
VanEngelsdorp, D, R. Underwood, D. Caron, and ]. Hayes,
Jr. 2007, An estimate of Lhe monaged colony losses in the
winter of 2006 -2007: a repert commissioned by the apiary
inspeclors of America. Am. Bee J. 147: 599-603.

Reecived 3 October 2007; accopted 25 February 2008.




Univerdity of Arizomal Av: 01:00 21 July 2510

Downloadead By

Vol. 31, No. |

Internat. J. Acarol.

THE PRESENCE OF ESTERASE

Diana Sammatnrol, Pla Untalanz, Felix Guerrero® and Jennifer Finlo:y1

1. USDA-ARS Carl Hayden Bee Research Center, 2000 East Allen Road, Tucson, AZ 85719-1596, USA, e-mail:

dsammataro@tucson.ars.ag.gov, 2. USDA-ARS Knipling-Bushland, U. S. Livestock Insects Research Lab,
2700 Fredericksburg Rd., Kerrville, TX 78028, USA.

ABSTRACT - Varroa mites (Varroa destructor Anderson and Trueman, 2000) are becoming resistant to
acaricide treatrnents via metabalic and/or target site desensitivity. Results of a survey of mites from the Carl
Hayden AZ lab and from cooperators in five locations (Arizona, California, Florida, Maine, North Dakota)
showed that some mites were susceptible to all three acaricides (Amitraz, Coumaphos, Fluvalinate) in the
spring of 2003, but by fall most miles were resistant. Mites were resistant to all chemicals, even rom
beekeepers that do not treat colenics with acaricides. We uscd esterase native activity gels to test for the
presence of specific esterases which might be involved in pesticide resistance in varroa. All mites tested had
positive bands for esterase, even those exhibiting susceptibility to some acaricides. Based on the differences
between the esterase activity gel profile of the susceptible and cross-resistant V. destructor, it is possible that
an esterase-mediated resistance mechanism is operative in the population of the miles we analyzed. How-
cver, & combination of other resistance mechanisms may be present which makc the esterase activity gel

A
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THE RESISTANCE OF VARROA MITES (ACARI: VARROIDAE) TO ACARICIDES AND

method unreliable for use in identifying varroa mites with multiple resistance.
Keywords - Varroidae, varroa mites, Varroa destructor, acaricide resistance, honey bees, esterase

INTRODUCTION

During the past decade, chemicals, such as the
pyrethroid fluvalinate, and coumaphos, an organophos-
phate (OF), have been used by beekeepers to control
varroa mites (Varroa jacobsoni=V. destructor Anderson
and Trueman) in honey bee colonies. Mite resisiance to
both fluvalinate and coumaphos has been observed in Eu-
rope (Milani, 1995, 1999; Trouiller, 1998; Vedova et al.,
1997) and now is being found in the United states (Elzen
et al., 1998, 1999a, b, 2000; Pettis ef al.,, 1998 a, b).
Fluvalinate-resistant mites first were reported in the U.S.
in 1997 (Baxter et al.,1998) and more recently, Varroa
mites resistant to counaphos have been found (Elzen et
al., 2000, 2001; Elzen and Westerveldt, 2002). Amitraz, a
formamidine, has been used for mite control sporadically
since 1992 and is no longer registered for bee mites; nev-

ertheless, resistance to this material has also been found

(Elzen ef al., 1999c, Mathieu and Faucon 2000).
Reports of resistance to fluvalinate, coumaphos and

amitraz throughout the U.S. indicate that resistance is

spreading and that cross-resistance might be evident in

some locations (D. Westerfelt and A. M. Jadzack, pers.
comm.). Bees are transported acress the U.S, for pollina-
tion and in the sale of queens and packaged bees. Since
many beekeepers have relied upon single-chemical con-
trol regimes for about 10 years, resistant mites could exist
in every beekeeping operation in the U.S. Currently, the
trend is to use multi-chemical rotations so that mites are
exposed to widely varying treatment regimes. However,
mites could develop cross-resistance.

Organisms develop resistance via behavioral
changes (e.g. avoiding the pesticide), reduced penetration
(e.g. cuticle thickening), detoxification of the pesticide by
enzymes (i.e. metabolic) or target site desensitivity (mod-
ifications of action site, ¢.g. sodium channel mutation)
(Scott, 1990; Baars and Driessen, 1984; Hillesheim et al.,
1996; Watkins, 1996; Wang et al., 2002). Carriére (2003)
suggested that haplodiploid arthropods could develop re-
sistance differently than diploid species. Since varroa are
haplodiploid, as well as highly inbred, they may be able to
develop pesticide resistance quickly. Resistance mecha-
nisms also could change over time.
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In Europe and Isrecl, the mechanisms of varroa re-
.iniance to fluvalinate are reportedly due to high levels of
matabolic esterases (Hillesheim et al., 1996; Gersen et
al., 1991; Mozes-Koch et al., 2000). Strains of the tick,
Boophilus microplus, which exhibil cross resistance to
baoth pyrethroids and organophosphates (OPs), possess
high levels of metabolic esterase activily (Jamroz et al,,
2000). Esterases oxidize and detoxify synthetic
myrethroids and significantly reduce their effect on mites.
& second mechanisn, target site desensitivily, has been
described in pyrethroid resistani mites in the U.S, (Wang
et al., 2002) and involves mutations in the sodium chan-
nel gene sequence. The sodium channel is the targel sile
of pyrethroid binding,

The purpose of this smdy was to deter;mna the prov-
alence of resistani mites in beekeeping operations in the
U.S. We tested for resistance to fluvalinate, coumaphos
and amitraz. We also investigated whether the esterase
native aclivity gel technigue used to determine the pres-
ence of esterase in cattle ticks and hom flies resisiant to
pyrethroids and OPs (Guerrero er al., 1997, 1998, 1999,
2001; Pruatt et al., 2002; Miller o al., 200F) would be
useful for testing resistance in varroa mites.

MATERIALS AND METHODS

Sources of mites - In 2002, mites were collected
from untreated colonies at our Laboratory apiary (Carl
Hayden Bee Research Center [CHBRC]) Tueson, AZ) and
from treated colonies in Maine. The mites from Maine
were detennined (o be resistant because they had survived
colony treatmentis with fluvalinate and coumaphos {A. M.
Jadezak, pers. comm.). Mites were collected by shaking
200-300 live bees in a quart jar covered with a wire mesh
lid. The jar was shaken to dislodge attached mites. The
miles were collected inte glass vials and siored in a -70°C
freezer until ready for csterase aclivity analysis.

In 2003, mites were collected from colonies located
in North Dakota, Florida, Arizona, Californta, and Maine
and from colonies moved between Maine and Florida, as
well as colonies from (he CHBRC ihat had annual
fluvalinate treattnents and one coumaphos treatrnent To
obtain miles, frames of drome foundation were sent to
each cooperator to be placed in their colonies. Afier the
frames were drawn and filled with capped drone brood
{and varroa), the frames were relurned to CHBRC via
ovemnight mail. Upon arrival, the drone brood frames
were stored in an incubator (30°C, 50% RH) until mites
could be analyzed for resistance using the vial bicassay.

Yial bioassay - Varroa were collected and tested
for miticide resistance according to the protocol for
varroa described in Blzen ef af. (1998). Drove cells were
uncapped and the brood removed with forceps. Attached
live adult female varroa were collected with slender
probes and five miles were placed into 20 mL glass scin-

tillation vials for sach treatment. The vials werc treated
with either 0.5 mL acetone (control), 123 pg amitraz, 53
pg coumaphos, or 2.4 pg tau-fluvalinate (Elzen ef al.,
1998). Acaricide amounts were set to produce approxi-
mately 90% mortality in susceptible mite populations
(Elzen et al., 19993, 2000). To ensurc mite survival in the
low humidity of Arizona (typical ambient humidity in the
coHection room was 18-25%), the protocol of Elzen
(1998) was modilied by wetting 2 7 mm diameter disc
(punched out by a paper punch) of No, 5 Whatman filter
paper with 3 to 5 pL of distilled water. One disc was
added to cach vial during mite collection. A minimum of
three replicate vizls {5 mites/vial) of each acaricide vs.
control was tested for each colony. Depending on the
number of mites found in the frame, a minimum of 15 and
a maximum of 65 miles were tested. Vials with mites
were incubated for 24 hours (Little Giant Still Air Incuba-
tor, Miller Mfg., St. Paul, MN) at approximately 30-32°C
and epproximaicly 80% RH

After 24 hours, the vials were examined under a dis-
secting microscope. Mites were gently prodded with a
prabe to encourage movement. Non-moving mites were
scored as dead and the mortality rates for each vial were
recorded.  For each colony tested, total mortality rates
from all vials of each type: control, amitraz, coumaphos
and fluvalinate were tallied. Vial sets with more than 10%
montality in the control vials were discarded. Saroples of
susceptible and resistant mites from the vial bioassay
were tested for esterase activity,

Esterose mctivity analysis - Live and dead mites
from the pesticide treated vials were separated and lested
[or esterase activity. AN mites in the control vials also
were tested, Mites were frozen at -70°C in 1.5 m} micro-
centrifuge tubes and shipped on dry ice for analysis, Ten
to 40 mites were used for each esterase activity test.

The mites were pulverized using a disposable pellet
pestle (Kontes, Vineland, NI) and extracted in buffer con-
taining 0.01 M sodium phosphate (pH 6.5), 20% sucrose,
0.001 M EDTA, and 0.5% Triton X-100. Extracts were
centrifuged at 4°C, 15,000 RPM for 10 min, and then
stored at -80°C. The equivalent of a single mile was
loaded onto a lane of & Novex pre-cast 4-12% gradient
polyacrylamide Tris-glycine gel (Invitrogen, Carlsbad,
CA) and electro- phoresed under uative conditions at 4°C.
Eslerase activity was detected in the gel using the method
of Hughes and Raftos (1985) with some modifications, by
incubation of the get in 0.1 M phosphate buffer (pH 6.5)
containing 3.2 mM o- or f-naphthyl acetate and 2.4 mM
Fast blue BB salt for 60 min, in the dark, at 37°C. The
naphthy] acetate stock solutions were prepared in 1 ml ac-
etone to aid their solubility in the phosphme huffer. Rep-
licate gels were pre- mcubated for 15 mm in the dark in
phosphate buffer with 1X10° , 1X10°%, and 1X107° M
eserine sulfate or triphenyl phosphatc, which are specific
inhibitors of acetylcholinesterases (AchE) and carboxyl-
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esterases, respectively, prior to detection of ssterase activ-
ity with the naphthyf acetate method. To ensure AChE in-
hibition throughout the 60 min esterase detection step,
eserine sulfaic was added to the naphthyl acetate-Fast
blue BB buffer system, Since this electropboretic analysis
of proteins with esterase hydrolytic activity is performed
under native conditions, molecular weights of visualized
proteins cannot be determined.

Statistics - Mortality from cach treatment in the vial

bicassay was tested separately using Chi-Square Test for

Independence. Survival of mites from each vial per treat-
ment chemical was compared to the expected survival
from the control vials. The null hypothesis was that treat-
ments did not differ from control and if the x2 value was
greater than the critical values (o = 0.05), the hypothesis
was rejected. Rejecled values were recorded as
miticide-susceptible (5); samples below the critical values
were miticide-resistant (R).

RESULTS

Vial bioassay - In April 2003, the three colonies
tested from the CHBRC apiary (AZ Lab-1, 2 3) were sus-
ceptible to amitraz {Table 1). AZ Lab-1 and 3 alsc were
susceptible to fluvalinate and coumaphos but AZ Lab-2

Internat. J. Acarol. 69

was resistant. Subsequent testing of AZ Lab-3 was con-
ducted twice in the spring and again in the summer. While
the mites were still susceptible to amitraz in the spring, we
found resistance fo coumaphos and fluvalinate. By the
snmmmer, the colony’s mites were resistant to all three aca-
ricides. AZ Lab—4 and 5 were tesied in the fall and were
resistant to all three chemicals,

Mites from the apiary of the Arizona cooperator
who reporied using no chemical treatments had only onc
sample of fluvalinate-susceptible mites in May (Table 2).
All other samples were resistant to all three acaricides.
Samples from cooperators in other states also were resis-
tant to all chemicals, with the exception of mites from
Florida; ihey were all susceptible. The mite samples from
a cooperator in Maine (ME) and one that moves colonies
between Maine to Florida (Migratory ME/FL) all tested
resistant. Migratory ME/FL provided mites from un-
freated and treated colonies, but all were resistant to the
three acaricides. Mites obtained in early July samples
from North Dakota were susceplible to wmitraz and
fluyalinate, but were resistant to coumaphos, In late July,
mites from the same cooperator were resistant to all three
cheimicals.

Esterase activity analysis - There was an intense
band of esterasc activity present in the OP-resistant mitcs

Fig. |, Native Esterase Activity Gel. Test run of cstcrase gel of varrea vs. B. micropfus larvae (from TX lab) with
various toxicolegical profiles. These were assayed for general esterase activity by extracticn in phosphate buffer contain-
ing Triton X-100, fractionation by native polyacrylamide gel electrophoresis, and incubalion with a-naphthy! acetate and
Fast blue BB. Lanes represent one mite equivalent. Lane 1: B. micreplus Gonzalez strain susceptible to both Pyretbroid
and OP; Lane 2: OP-resistant Tuxpan strain of B. microplus, Lane 3: Coatzoacoalcos pyrethroid-resistant strain of 5.
microplus ; Lanc 4 and 5: Verbal report of Pyrcthroid- and OP- resistant varroa {rom Mainc/Florids mites, 2002; Lane 6
and 7: vamroa susceplible to both pyrethroid and OP (Lab mites, Tucson AZ 2002). The pesticide resistant ticks possess
bath qualitative and quantitative differences in esterase activity.
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Table 1. Vial bicassay results from varroa miites frorm Carl Hayden lioney Bee Research Center (CHRC), Tucson
AZ. The null bypothesis was that treatments did not differ from control and if the xz valuc was greater than the critical val-
ues (= ,05), the hypothesis was rejected, Rejected values were recorded as miticide-suscepiible (8); samples below the
critical values were miticide-resistant (R). The Time of sampling included Early Spring (April/May), Spring (June) and
Summer/Fall {(July-Sept). The number of samples taken at each time is represented by the letters in each column. For ex-
ample, in Lab-3 colony, two samples were taken in the Spring and the Summer. The numbers under the Chi Square column
correspond to the sampling times, and indicate degrees of freedom and Chi Square value al «=.05. Mite samples from Lab
2 and 3 colonies were used in the esterase activity gel in Figure 2,

CHRC Bee Lab Time of sampling Eaterase df, Chi Square 0= .00
Source Colony Treatments E.Spring Spring | Summer/Fall | E.Spring Spring Summer/Fall
AZ tab Lab-] Amilraz 8 3,1025
Coumaphos s 180
Fluvalinate S 3, 7.25
Lab-2 Amitraz s 1,556
Cotmaphos R 1, 2.93
Fluvalinate R E, ().04
Lab-3 Amitraz s §s R R 2,5.89 2,998 4,19.72 2,12:4,34
Coumaphos S RS R R 2.4.11 2,4964, 13,18 2,1.0;4,02
Fluvalinate s R 8 R R 2,544 2,3.54:4, 1092 2,1.0:4, 0.2
Lab-4 Amitmaz R 2,0.84
Coumaphos R 2,025
Fluvalinate R 2, 0,25
Lab-5 Amitrazy 8 2, 5.99
Courmnaphos R 2, 1.46
Fluvslinaic R 2, 146

Fig, 2. Native gel profiles of varroa from 2003 multi-state vial assay survey. Lane 1: AZ lab-1 susceptible; Lane 2; FL
mites (susceptiblc); Lane 3: AZ lab-2 (mixed resistance); Lane 4: AZ cooperator reported 1o treatments (mites mostly resis-
tant); Lane 5: Migratory ME/FL (treated), mites ali registant; Lane 6: AZ lab-3(mixed resistance); Lane 7: ND #1 (mixed re-
sistance); Lane 8: Soophilus microplus Coatzoacoalcos. Table I1 represents the colonies that were tested in this gel run, The
mites in Lane 2 (FL) tested out susceptible in the vial assay; however they came up positive for esterase activity in the gel
profile.
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that was missing in the susceptible varroa from the 2002
samples (Fig. 1). The pesticide-resistant tick sirains
{Lanes 2 and 3) possess both qualilative and quantitative
differences in esterase activity compared with the pesti-
cide-susceptible sirain {Lane 1). The esterase profile for
both the susceptible and resistant mites was nol affected
by eserine sulfate or wriphenyl phosphale (data not
shown), indicating the esterases were probably not acetyl-
cholinesterases or carboxylesterases.

The column labeled Esterase in Table [ identifies
those samples thal were tested by the gel method, shown
in Fig. 2. The *Y" in the column identifies those mites in
the sample that were tested for esterase activity, Lane 1
was the original susceptible colony in our research yard
from 2002 which subsequently died. This colony had no
esterase band. The mites from the Florida cooperator
{Lane 2 in Fig. 2) had a strong esterase band although in
the bioassay they were susceptible to all chemicals. All
other mites run in the gel hed esterase activity, regardless
of their resistance history; the results in the vial bicassay
showed strong resistance to all acaricides.

DISCUSSION

Mites from our lab generally were susceptible to the
acaricides used for controlling vasroa. However, almost
all the mites we received from our cooperators, regardless
of the treatment regimes used, had resistance to all acari-
cides. The only exception wag the mites from Florida
whick were susceptible despite being in a region that has
been heavily treated with acaricides. In colonies where
we were able to test mites more than one time, we found
mites susceptibie in the spring but by late summer the
mites became resistant to all three acaricides, despite not
being ireated with amitraz. We were unable to test the
susceptible Florida mites again in the fall to determing if
this trend continued. Esterase activity was pot a reliable
indicator of resistance in our samples. Mites resistant to

some searicides had an csterase band, as did the suscepti- -

ble mites.

The presence of resistant mites in most colonies, es-
pecially those sampled in the fall, may be explained by the
over-use or misuse of registered varroa acaricides, Sur-
prisingly, mites also showed rosistance to amitraz, which
is not a regisiered acaricide. These results supggest either
cross-resistance between amilraz and other registered
chemicals, or mite exposure to amitraz. Resistance could
increase quickly in colonics because mites not killed by
acaricides reproduce, thus reinforcing resistant genes. It
was surprising to find resistant mites from cooperators
who did not treat with acaricides (e.g. the Arnizona and
Maine cooperators). The presence of resistant mites in
their operations may be due 10; 1} bees robbing huney
from a weak or dying hive (with resistant mites} within
the flight range of the apiary and in the process acquiring
those mmites, 2) introduction of package bees and queens

from other states thal have resistant mites, or 3) drifting
bees, a cornmon phenomenon in large apiarics where
phoretic mites can he swiltly distributed throughout the
whole apiary in a short time.

Our finings indicated that as the summer progresses,
the population of bees and (resistant) mites increased.
Perhaps the resistant mites were able o out-compete the
susceptible mites. This may explain the switch from sus-
ceptible to resistant mites from spring to fall, Why the re-
sistant mites appear to overwhelm colonies may be ex-
pressed in genetic terms. Resistance is rarely totally dom-
inant (Carrigre, 2003} bul could be expressed at some
levet in heternzygotes especially if the resistance confors
a gain of function, e.g. detoxification of chemicals by en-
zymes, reduced penetration and enhanced elimination of
toxins. Females that have two copies of a resistant allele
{RR) would produce offspring that also are homozypotes.
Heterozygote foundress mites would produce 0.5
heterozygote and 0.5 homozygole susceptible offspring if
the male parent had the susceptible allele, and 0.5 homo-
zygous resistant and 0.5 heterozygous offspring if their
male parent camied the resistant allele. Therefore, ¢ach
heterozygote bas a 0.5 probability of producing all resis-
tant individuals and a 0.5 probability that half of their off-
spring will be resistant depending on the genotype of the
male parent. The homozygous resistant state would not
change due to brother-sister mating and its frequency
would increase with each generation. Under these condi-
tions, it is not surprising to find increased frequency of re-
sistant individuals over lime, especially if pressure from

~ acaricides is removing homozygous susceptible individu-

als from the population. Varrea resistance could also be
sex-linked, but since varroa males do not come in direct
contact with (he acaricides (other than through the aceu-
muiation in the wax) and their resistance has never been
tested, this is only a specnlation. Of course, unless we are
able to rear varroa off host and in an agtificial environ-
menl, we can only hypothesize such events.

Dased on the csterase activity gel profile of the sus-
ceptible and resistant V. destructor from 2002, it is possi-
ble that an esterase-mediated resistance mechanism is op-
erative in the population of mites we analyzed. However,
the reliability of this method was not apparent i the 2003
tests, as all mites had the csterase band, Since other resis-
tance mechanisms are operating on varroa mites, includ-
ing esterase detoxitication (Gerson ef af.,, 1991; Thomp-
son et al., 2002), moncoxygenases in the P450 systemn
(Hillesheim et al., 1996), and sodium channel mutations
(Wang et af., 2000), testing varroa for any onc method
may not be the most reliable way to determine mite resis-
tance,

Once the operating systems of varroa resistance are
determined, it may be possible to develop a successiul
management program o counteract resistant varroa. Ac-
cording to Milani and Vedova (2002), resistant mites left
untreated for 4-6 years will lose their resistance to
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fluvalinate. Why this is go and what mechanisms are be-
ing used for such a switch, need to be determnined. Identi-
fying resistance mechanisms in varroz will be challenging
though, because it will require rearing esterase-free and
susceptible miles in an isolated area and subjecting them
to known chemical regimes. This will require strains of
mites {and colenies) that are not contaminated from out-
side sources or mites of known resislance reared in the
taboratory.
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Summary

“This study records the fifth consecutive year that winter losses of managed honey bee (Apis mefiiferd) colonies in the USA have been around
30%. In April 2011, a total of 5,4:11 US beeckeepers (an estimated 11% of total US beekeepers) responded to a survey conducted by the Bee
Informed Partnership. Survey respondents reported that they had lost an average of 38,4% of thelr colonles, for a total US colony {oss of
29.9% over the winter of 2010-11. One-third of respondents {alf classified as backyard beekeepers, i.e. keeping fewer than 50 colonies)
reported no winter foss. There was considerable varation in both the average and total loss by state. On average, beekeepers consider
acceptable losses to be 13.2%, but 68% of all responding beekeepers suffered actual losses In excess of what they considered acceptable. Of
beekeepers who reported losling at least one colony, manageable conditions, such as starvation and a weak condition in the fall, were the
leading self-identified causes of mortality. Respondents who indicated that varroa mites { Varroa destrisctor), small hive beeties (Aethina
fumida), poor wintering conditlons, and f or Coleny Collapse Disorder (CCD) conditions were a leading cause of mortality in their operations
suffered & higher average loss than beekeepers who did not list any of these as potential causes. In a separate question, beekeepers who
reported the symptom “no dead bees in hive or apiary” had significantly higher losses than those who did not report this symptom. In
addition, commercial beekeepers were significantly more likely to indicate that colonies died with this symptom than either backyard or

sideliner beekeepers.



116 vanEngelsdorp ef &/,

Una encuesta nacional sobre las pérdidas invernales de
colonias manejadas de abejas meliferas 2010-11 en los
Estados Unidos: resultados de la Bee Informed Partnership

Resunien

Este estudio registra por quinto afic consecutivo que las pérdidas invernales de abejas manejadas (Apis meliferd) en Estados Unidos estdn en
torno al 30%. En abyril del 2011, un total de 5,441 apicultores de los EE.ULL (se estima que el 119 del total de apicultores de EE.UU.)
respondieron a una encuesta realizada por la Bee Informed Partnership. Los encuestados indicaron que habfan perdide un promedio de
38.4% de sus colonias, con una pérdida total de colonias en EE.UU. del 29.9% durante el inviemo de 2010-11. Un tercio de fos encuestados
{todos elios clasificados come apicultores aficionados, es decir, con menos de 50 colonias) indicaron que no tuvieron pérdidas de invierno.
Hubo una variacién considerable tanto en la media como en el total de pérdidas por Estado. Por término medio, los aplcultores consideran
aceptables pérdidas del 13.2%, sin embarge, el §8% de todos los apicultores encuestados sufrieron pérdidas reales superiores a lo que
cansideran aceptable. Entre los apicultores que informaron de la pérdida de al menos una colonia, 1as principales causas de mortalidad
Identificadas por ellos fueron condiciones de manejo, tales como el hambre o una condicidn débil de las abejas en el otofio. Los encuestados
que indicaron como principales causas de mortalidad de sus colmenas a los dcaros de Varroa { Varroa destructor), 10s escarabajos de las
colmenas {Aetfrina tumida), las malas condiciones de invernada y / o condiciones del Sindrome de Colapso de las Colmenas (SCC), sufrieron
una pérdida media mayoer que aquellos apicultores que ro incluyeron ninguna de estas causas potendiales. En una cuestién aparte, los
aplcultores que indicaron el sintoma “sin abejas muertas en la colmena o aplaric” tenfan pérdidas muy superiores & aquellos que no
registraron ese sintoma. Ademds, los apicultores comerciales fueron significativamente mas propensos a indicar que fas colonias morian con

este sintoma que los aplcultores aficfonados o los aplcultores semi-profesionales.
Keywords: Honey bee, overwinter, mortality, USA, 2010-11

colonies to meet spring’s pollination demands {vanEngelsdorp and
Meixner, 2010). Beekeepers can increase the number of colonles they
manage by elther purchasing package bees or splitting existing hives.
In addition, development and management of nucleus cofonles has
become more widespread as a hedge against heavy losses, A recent
survey of Pacific Northwest beekeepers revealed that in both 2008
and 2009, beekeepers replaced more colonies than they lost in the
preceding winter {Caron ef af, 2010}. Another possible explanation
for this discrepancy may be differences in survey methods and the

Introduction

Cver the fast few years, high rates of overwintering mortality have
been reported in honey bee {Apis mellifera) colonies in many
European and North American countyies (vanEngelsdorp et al, 2008,
2010, 2011a; Currle ef af, 2010; Neumann and Carreck, 2010;
Nguyen ef af, 2010; Potts, 2010). In the US specifically, high
overwintering losses of 32%, 36%, 29% and 34% for the winters of
2006-7, 2007-8, 2008-9, and 2009-10, respectively, have been
reported (vanEngelsdorp ef af, 2007, 2008, 2010, 2011a}.

It Is clear that these losses, verging on 30% or more annually
have not resvlted in a pronounced decrease in the total number of
honey-producing colonles managed by US beekeepers in the
subsequent summers {USDA-NASS, 2009). The USDA-NASS Bee and
Honey Inquiry is a survey that estimates the total number of US

respondent population.

Heavy losses cannot always be replaced by dividing colonles and
buying packages, however. A decrease of 142,000 colonies from 2007
-8 is reflected in the 2009 USDA-NASS Honey report. This is the only
decrease from the previous year recorded by USDA-NASS during the
period between 2006 and 2010, This loss could have occurred during

honey producing colonies on an annual basis, for operations with the winter of 2007-8 where the “winter {oss survey” recorded colony

more than five colonies. From 2008-10, an increase in total colonles
has been recorded in the USDA-NASS Honcyreport starting from 2.34
million cofonies {(rounded) in 2008; to 2,50 million in 2009; and to
2.68 million in 2010 (USDA-NASS, 2009, 2010, 2011). This apparent
discrepancy may be explained by beekeepers who, fearing heavy
losses, overwinter excess colonies to ensure they will have enough

losses for the same time period of around 36%; the highest loss in
four years of surveys {vanEngelsdorp of 8/, 2008},

The reason for the high level of losses is not completely
understood. While annual overwintering loss surveys are not deslgned
to identify factors responsible for losses, each survey has asked
beekeepers to self-identify the reasons they bellave high losses
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occurred, Among the most mentioned factors have been queen
failure, starvation, and varroa ( Varroa destructor) mites
(vanEngelsdorp et @/, 2007, 2008, 2010,2011a), Whilst not
conclusive, these self-ldentified causes of mortality do suggest that a
multitude of factors are contributing to colony mortality, and so
suggest that efforts aimed to reduce losses will need to be as diverse
as the causes,

In keeplng with previous years” efforts, this survey’s objective was
to quantify the mortality of colonies in the USA over the winter of
2010-11, Here we repott average and total colony losses for the
country and by state, we compare the rate of loss by operation size,
activity, and by the symptom of "no dead bees in the hive or apiary”,
and we quantify the prevalence of suspected reasons for loss as self-
reported by survey respondents.

Materials and methods

An email soliciting responses to an online survey posted at
InstantSurvey.com was sent to state apiarists {n = 42), presidents of
national and state beekeeping organizations (n = 110}, industry
leaders (n = 125}, honey bee brokers {n = 17; for almond pollination
in CA), online beekeeper list servers, and posted on web-forums. A
total of 2,877 individual emalls were sent to participants in previous
years' surveys who had indicated a desire to be contacted in future
years. In addition, 621 individual emails were sent to persons who
had “signed up to participate” at the beeinformed.org web site. These
emails encouraged beekeepers to forward the request to other
heekeepers. As in previous years, a number of large commercial
beekeepers were contacted by telephone, with a total of 25 being
stccessfully interviewed. The convenience and snowball sampling for
this survey’s solicitation effort precludes an ability to calculate survey
response rate, because the exact number of beekeepers contacted is
not known. Based on subscription rates of electronic listservers such
as BEE-L and Catch the Buzz, however, we estimate that over 20,000
beekeepers were contacted (Flottum, 2010). The questions asked are
shown in Box 1.

For question one, which asked in which state(s) the respondent
kept bees, a list of all US States, the District of Columbia, and an
“other” category was provided, Respondents could check more than
one option. Those checking “other” were asked to specify the location
of their colonles. For the question 9, pertaining to the perceived cause
of losses, respondents could choose from a list of common responses
from previous survey efforts {vanEngelsdorp ef a/, 2011a). These
included: queen failure; starvation; varroa mites; Mosema disease;
small hive beetles; poor wintering conditfons; pesticides; weak in the
fall; Colony Colapse Disorder (CCD); don't know; did net suffer
losses; and other. Those responding “other” were asked to specify
their percéived cause of loss. For all other questions, possible
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Box 1,

1. In what state(s) did you keep your colonies in
20147

2. How many living colonies did you have on
1 October 20167

3. How many living colonies did you have on
1 Aprif 20117

4, Did you make splits, increases or huy / sell
colonies between 1 October 2010 and 1 April 20117

5. How many splits, Increases, and / or colonies
did you make / buy between 1 October 2010 and
1 April 2011?

6, How many splits, increases, and / or colonies
did you sell between 1 October 2010 and 1 April
20117

7. What percentage of the colonles that died
between 1 October and 1 April were lost without
dead bees in the hive or aplary?

8. What percentage of loss, over this time period,
would you consider acceptable?

9. In your opinion, which factor(s) was the main
cause(s) of colony death in your operation between
1 October 2010 and 1 April 2011?

10. What percentage of your hives did you send to
Catifornia for almond pollination?

11. How many times, on average, did you move
your colonies last year?

12. Would you be willing to be contacted by our
survey team in order to participate in other honey
bee related surveys and/or to validate this survey
and to receive a summary of survey results?

answers were not provided and beekeepers were expected to type out
answers in the fields provided,

This survey design and distribution was approved by the
University of Nebraska-Lincoln Institutional Review Board (UNLIRB
#200608523 EP) to ensure compllance with US Federal Law regarding
research with human subjects. As in previous years, to help ensure
loss estimates could be compared internationally, core survey
quiestions were in keeping with efforts of Working Group 1 of
COLOSS, an international network of honey bee researchers dedicated
to the prevention of honey bee COlony LOSSes (Nguyen ef af, 2011;
van der Zee, 2012},
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Survey responses were solicited and collected between 1 and 18 April
2011. Once complete, the data were edited to permit processing (i.e.
changing text to numbers {e.g. 2 instead of two) where appropriate).
Filters were also developed to exclude from the analysis responses
such as surveys with incomplete answers or those that were obviously
duplicate answers. As in previous efforts, beekeepers were assigned
to operationaf size groups by the following ¢riteria; beekeepers
managing 50 or fewer colonies were classified as “backyard
beekeepers”; those managing between 51 and 500 colonies were
classified as “sideline beekeepers”; and those managing 501 or more
colonies were classified as “commercial beekeepers”.

Calculations and statistical analysis

Total and average colony losses were calculated in keeplng with the
approach and standard cutlined by vanEngelsdorp ef a/ (2011b).
Confidence Interval {CI) calculations for total losses were conducted
using R (R Development Core Team, 2009; code provided by Y Brostaux
and B K Nguyen}, The imean percentage of individual operation colony
loss was calculated to determine the average loss among all
respondents and subgroups. Average loss 95 % Confidence Intervals
{95% CI) were calculated using the statistical program SAS JMP {SAS,
2007) as outlined in vanEngelsdorp et &/ {2011b).

Unlike in previous years, total loss values were only calculated and
reported for the entire nation and individual states with sufficient
respanse rates to permit reporting. Whilst total loss values are the
most accurate representation of losses suffered within a region, they
are blased by overly representing the losses of larger operations
because they manage more colonies. Total foss calculations were not
therefore caiculated for sub-classifications other than those based on
region. Instead, potential differences between sub-groups of the
responding beekeepers were explored by calculating and comparing
average operational losses using the Kruskal-Wallis rank sum test.

When calculating losses in individual states, colonies belonging to
operations which managed colonies in more than one state were
counted multiple times; once In each listed state. This same practice
is used by the National Agricultural Statistics Service when calculating
the number of honey-producing colonies in each state (USDA-NASS,
2009). Responses for groups containing fewer than nine respondents
are not reported, to protect the privacy of respondents. The total
number of colonies lost with the symptom of “no dead bees in the
hive or apiary” was calculated for individual operations by multiplying
the number of cofonies lost in an operation by the reported
percentage lost without dead bees. The ratios of beekeepers grouped
by operation size who suffered losses with the symptom of “no dead
bees in the hive or apiary” were compared using the Chi square test.

vanEngelsdorp ef af

Results

Average and total losses

National losses

The survey recorded 5,770 responses, of which 36 were duplicates
and 51 did not reside in the US so were remaved. An additional 242
respondents did not provide all the information needed to quantify
overwinterng losses, The remaining 5,441 respendents managed a
total of 309,200 living colonies on 1 October 2010, representing
11.5% of the estimated 2.68 million honey-producing colonies being
managed in the US in 2010 (USDA-NASS, 2010}. These same 5,411
heekeepers reported 267,089 living colonies on 1 Apiil 2011. When
colonies that were made, bought (n = 80,707} or sold {n = 8,670) are
factored into the caleulation, the 5,411 respondent beekeepers lost an
average of 38.4% (95% CI: 37.4 - 39.4%) of their colonies, while the
total foss suffered by this group was 29.9% (95% Cl: 29.2 - 30.4%).
One-third of responding beekeepers, all of whom were backyard
beekeepers, reported no winter losses.

Losses by state

There was considerable variation in both the average (Table 1; Fig. 1)
and total {Table 1; Fig. 2} losses suffered by beekeepers operating in
different states. The percentage of colontes and operations in any
given state which operated exciusively in that state is summarized
(Table 1), As outlined above, operations managing bees in more than
one state had thelr responses reported in all states in which they
operated. Some caution is therefore needed when comparing state
colony fosses where a large proportion of the colonles are managed
by beekeepers with bees in several states.

Losses by operation classification

Average losses suffered by commercial beekeepers tended to be lower
than those suffered by sideline and backyard beekeepers, but this
difference was not significant {P = 0.25, Table 2).

Two percent of survey respondents reported maintalning colonies
in more than one state. Although numerically lower, there was no
statistical difference (P = 0.58) in the average loss experienced by
those beekeepers who malntained colonles in more than one state
(30.4%; 95% CI: 23.6 — 37.3%; n = 114) when compared to those
who maintained colonies exclusively in one state (38.5%; 95% CI:
37.6 - 39.6%; n = 5,327).

Only 1.6% of respondents indicated that they utilized at least
some of thelr operation for almend pollination during the survey
perfod, On average, beekeepers pollinating almonds moved 83.6 +
2.8% of thelr colonles into the almond orchards. The average loss
experienced by beekeepers who moved colonies into almond orchards



US honey bee winter colony fosses 2010-11

119

Table 1. The number of aperations and colories contributing to the percentage of average and total losses by state (also summarized in Fig. 1

and Fig. 2) and the percentage of operations and colonies in each state that operated exclusively in that state. Operations reporting managing
colontes in more than one state have had all of their colonies counted in all states in which they reported managing colonies. Results for states

with fewer than nine respondents are not presented.

State

No.
Operations

Operations
exclusively
in state (%)

Total No.
Colonies

Colonies
exclusively in
state (%)

Average Loss
mean (95 % CI)

Total Loss
mean (95 % CI)

Alabama -

s

B2y

Alaska

Arkansas

22,4 (13.4-31.3)

30,2 (22.8-38.8)

Calfornla

o 39( 3514 _2,:§) o

Colorado

137

37.7 (31.9-43.5)

53.4 (48.5-58.3)

| somesey

wswzay

Delaware

32.2 (11.5-52,9}
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Fotda |

4032 (37-02.8)

Georgia

28.1 (22.9-33.3)
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Wawall | T
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Idaho

30.4 (16.9-43.9)

5.8(3.9-84)

| segesors
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Indiana

151

37.5 {34-41.1)

Towa

41.9 (35.9-47.9)

Kansas

14.5 {(9.6-21.1)

306 (245374)

Louisiana

3515

25.1 (22.4-28)

L

459 (418

502). -

Maryland
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1622

37.2(32,1-42.3)

49.5 (44.5-54.9)

463 (@13 : 12) A

Michigan

22631

Mimesota |

| tesem

62,7 {58.3-67.0}

9 | wiesssn

Mississippi

12,8 (0-25.6)

26.5 (22.4-31)
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Montana

50.6 (34.4-66.8}

204 (14.4-28)

Nebraska.

Nevada

30.9 (24.1-37.6)

28.7 (25.3-32,2)
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Table 1 Cont'd. The number of operations and colonies contributing to the percentage of average and total losses by state (also summarized
in Fig. 1 and Fig. 2) and the percentage of operations and colonies in each state that operated exclusively in that state, Operations reporting
managing colonies in more than one state have had alf of their colonies counted in all states in which they reported managing colonies. Results

for states with fewer than nine respondents are not presented.

opeions | onclvsvey | T KO | ocughelyin | Aveageloss | rotalioss
in state (%) state (%)

New York 217 92.2 18737 8.4 44.1 (39.3-48.8) 58.5 {55.0-62.0)

NorthCarolina |~ 616 | osa | e | 7 (23228.0) | 247 (23.1:263

North Dakota 21 38.1 162799 33,9 (20.4-47.3)

.Oidahuma T 31 . 93.5 793 T 9.8.5. 2§.2 (16.8-4155 i6;5 f8.4-29.95 .

rege o fea o [owm | s | wreazae | as@esten
Pennsylvania 431 98.4 9056 42.3 49 (45.2-52.7) 67.1 (64.2-69.8)
Rhodetslnd | 66 |95 | oms | o7 | 462059%5) | 486003520
Sou.l.:h(.:ar.olil.'la B Bi | 8#.9 3741 | 18..0 | 201 (15.2—24.9) 3§.1 (.34.9-43.3).

Southpakota | | 18 o e | 200830 | 37(07928)
Tennessee 90 94.4 732 217 {15.5-27.9) 22.3(17.3-28.3)

117 98.3 5389 45.1 32.9(26.9-38.9) 29.5 (26.6-32.4)
ermont- | 119 b ess | 1 o e3B | 412(064728) | 267(18523)
Virginia 406 95.8 4450 52.7 33.7 (30.3-37.2) 31.1 (28.8-33.5)
Washington, 3
D.C.
Westvighia | s | w9 | we | wms | waeuwn | sisasien
Wisconsin 126 96.0 3665 97.5 57.7 (51.3-64.1) £6.3 (61.6-70.7)
(31.6%; 95% CI: 23.4 — 39.8%; n = 79) was not significantly answered this question, 23% (of n = 3,610 respondents) indicated
different from beekeepers whom did not {38.9 %; 95 % CI: 37.9 - that at feast some of their dead colonies were found without dead
40.0%; n = 4,931; P =0.77). bees in the hive or aplary. Those reporting losses in addition to the
Only 1.7% of responding beekeepers indicated that they had no dead bees symptom reported higher average fosses {62.3%; 95%
transported a majority of their colonies across state lines during the  CI: 60.2 — 64.4%; n = 828) when compared to those who reported
preceding year, Beekeepers who moved thelr colonles lost, on losses without the symptom of no dead bees (56,5%; 95% CE: 55.4 -

average, fewer colonies {32.9%; 95% CI: 25.1 — 40.7%; n = 88), but 57.7%; n = 2,782; P < 0.0001). In all, of the 114,118 colonies

the difference was not significant (P = 0.74) when compared to those reported to have died over this survey period, an estimated 26.3%

that did not move colonles (38,9%; 95% CL: 37.9 - 40.6; n = 4,914}, {n = 30,135) died with the symptom "no dead bees In the hive or
One of the defining characteristics of CCD is the complete absence apiary”. OF beekeepers who reported suffering losses, commercial

of dead bees in the hive or apiary (vanEngelsdorp ef af, 2009). This  beekeepers were 2.6 and 1.4 times more likely to report having some

survey was not meant to differentiate between colonles lost to CCD of thelr dead colonles die with an absence of dead bees than were

and other conditions that may cause ¢olony loss with this symptom. backyard and sideline beekeepers (3¢ = 19.0; P < 0.001 and ¥*=

OF those respondents who experlenced at least some loss, and 18.7; P < 0,001, respectively).
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Average Operational Loss (%)

Average Colony Loss (%) 1 Datawithheld {1 11-20% 1 21-30% 31-40%
B 51-50% B 51-60% R 51-70%

Fig. 1. Average percentage of loss in each operation by state. Operations who reporied managing colonies in more than one state had their
losses included in all of the states in which they reported managing colonies {see Table 1). States which had fewer than nine respondents
{data withheld) are not included.

Total Colony Loss (%)

Total Golony Loss (%) 1 Dalawithheld [ 1-10% ) i1-20%
B 31-40% = 41-50% R 51.60% B 61-70%

Fig. 2. Tota! percentage of colony loss by state. Operations who reported managing colonles In more than one state had thelr losses included
in all of the states in which they reported managing colonies (see Table 1). States which had fewer than nine respondents (data withheld) are
not included.
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Table 2. Average losses suffered by beekeepers grouped by the size of their operation.

Operation Type Respondents m‘:‘;?:?ggobff;)
T 8567598

Sideline 374 (31,7 -43.2)
Commerclal  mader-mmy

Table 3. Average losses reported by beekeepers whe listed one or more factors as the leading cause of mortality in thelr beekeeping operation
as compared to responding beekeepers not fisting that particular cause as important. *Excludes those who indicated they suffered no loss as
well as those whe indicated they did not know which factors contributed to their {osses.

Factor Listed

Not Listing Factor® Kruskal Wallis Rank SumTest

Fator

Starvation 1053

1625 | 544 (52.8-56.0)
Weakinthofall - | 621 el | s48(533564)
Poor winter 833 49.7 (49.1-51.0)

- 6 | 7S (#50500) S maEes ||
Varroa 534 | 59.5(56.862.3) 528 (514-54.2)

Nosema 37| 96235 | 539626553 0:284;
ccD | 199 65.1 (60.6-69.5) 53.3 {52.0-54.5) 0.0001
Pesticides - | 125 | 569 (534646) 2557 | ma9(sarssy [ a0 oaise
Small hive beetle 96 63.7 {57.1-70.2) 2586 53.8 (52.5-55.0) 0.0840

Acceptable losses

Surveyed beekeepers were asked “What percentage of loss, over this
time period, would you consider acceptable?” Op average, responding
beckeepers {n = 4,425) reported that a winter loss of 13.2% (95%
CI: 12,7 - 13.7%) was considered acceptable. Sixty percent of
responding beekeepers experienced actuat josses higher than they
considered acceptable, The average losses experienced by this graup
were higher than the average losses experienced by those who had
losses below what they considered acceptable {60.0%; 95% CI: 59.1
—~ 61.0% vs. 4.0%; 95% CI: 2.5 -5.3%, respectively; P < 0.0001).

Perceived causes of losses

A total of 4,781 respondents answered the question “To what do you
attribute the cause of death for the colonies that died?” OF these,
70% experienced at least some loss, Twenty-one percent of these
3,389 beekeepers Indicated that they did not know the cause of death
of the colonles in their operation that had died. Beekeepers who
indicated that they did not know the cause of mortality In their
operation lost, on average, 64.4% {95% CI: 61.9 — 66.7%; n = 707),
more than those who lost colonies and identified at Jeast one reason
for their loss (54.1%; 95% CI: 52.4 -55.3%; n = 2,682). Among
beekeepers who experienced losses and Indicated at least one reason

why they lost colonies, the top five most frequent reasons given, in
order, were: starvation; weak colonles In the fall; poor wintering
conditions; poor queens; and varroa mites (Table 3). Respondents
who suspected varroa mites, small hive beetles, poor wintering
conditions, and / or CCD as responsible for their losses experienced
higher average iosses when compared 1o beekeepers who suspected
other factors, Conversely, those respondents who suspected poor
queens as the major cause of their losses suffered lower average
losses than those who did not suspect gueens as responsible for their
fosses (Table 3).

Discussion

This survey records the fifth consecutive year of overwintering colony
losses well above the level US beekeepers consider acceptable,
Survey respandents reported total colony losses of 29,9% and
average operational osses of 38.4%. This is the fifth year that
average losses of 30% or more have been recorded. Shouid these
survey results be representative of national losses, between 782,560
and 814,720 colonles were lost in the US over the winter of 2010-11.
Caution should however be used when Interpreting this projection, as
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this survey cannot be considered to be representative of all
beekeepers. The email salicitation of beekeeper respondents probably
biased participation to the subgroup of beekeepers that are internet
literate. As no comprehensive census of US beekeepers exists, we
have no way to quantify and adjust for this potential blas,

tLarger operations were more likely to report having some of the
colontes in thelr operation die with the symptom of “no dead bees in
the hive or apiary”. This symptom Is one of the defining
characteristics of CCD, and as in previous years, those fosing some of
their colonies to this condition experienced greater total losses than
those not reporting the condition.

In summary, this rational survey effort, in its fifth consecutive
vear, recorded high rates of mortality in overwintering colonies in the
US. Losses suffered by smaller-sized operations were higher than the
losses suffered by larger operations, even though larger operations
were more likely to report having some of thelr losses occur in the
absence of dead bees in the hive or aplary; a defining symptom of
CCD. These results all point to the continuing need to record colony
losses on an annual basis. These continuing efforts should also strive
to improve survey methods to ensure a more representative
beekeeplng population is sampled and accounted for. Concentrated
efforts aimed at understanding the underiying causes of these iosses
are also needed.
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