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Abstract — This research was designed to determing economic thresholds for Vierroa facebsoni
mites in mature overwintered colonies under conditions that encourage or discourage mite immi-
gration. Congruent data from the present study and our earlier work suggest that a true late-season
{August) economic threshold for mites in the southeastern USA lies within a range of mite popula-
tions of 3 172-4 261, ether roll mite levels of 15-38, and overnight bottom board insert mite levels
of 59=187 in colonies with bee populations of 24 B08-33 699, Overwintering colonies can benefit from
an additional early-season (February) reatment. This benefit was realized in colonies which in
February had the following average values: mite populations 7-97, ether roll 0.4-2.8, bottom board
inseris 0.6-10.2 and bee populations 12 606—13 500. Continucus acaricide treatment never achieved
colony bee populations or brood number significantly higher than in colonies trested more conser-
vatively. There is evidence that minimizing mite immigration has the benefit of defaying the onset of
economic thresholds, € Inra/DIB/AGIB/Elscvier, Paris

Apis mellifera ! Varroa jacobzeni | integrated pest management / chemical resistance management

L INTRODUCTION need to develop management practices that

limit chemical resistance in mites. One way
Synthetic acaricides are the most effective 0 @0 this is to use economic thresholds [19],

and widely used method for controlling Var-
roa jocobsoni Oud. But recent evidence of
acaricide-resistant mites in ltaly [ 18], France
[6, 22] and USA [4] has underscored the
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that is, to treat a colony only when the mite
population reaches a level at which mites
are still tolerable by bees but above which
there may be serious and possibly irrepara-
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ble harm to the colony. A corollary to a
research-based threshold is a reliable and
practical mite sampling method. A program
based on accurate sampling and threshold-
based wreatmenis can be expected to reduce
the overall number of acaricide treatments,
relax the selection pressure for mite resis-
tance, reduce the risk of contaminated hive
products, and reduce production costs for
beckeepers.

Economic threshold recommendations
vary by region [2]. owing in part to differ-
ences in the length of the brood-rearing sea-
son, one of the most important regulators
of mile population dynamics | 4], Thresh-
olds also may vary depending on the risk
of mite immigration [17] and on the man-
agement history of colonies. This present
paper is part of a project to develop research-
based economic thresholds for the Piedmont
region of the southeastern USA under o varni-
ety of beekeeping conditions. In earlier work
we established a threshold for first-year
colonies sel up from mail-order packages
[9]. In this paper we present experimenial
evidence of an economic threshold for
mature overwintered colonies under condi-
tions that encourage mite immigration
{1997) or discourage it { 1998). We believe
that our design and protocols are applica-
ble to workers developing economic thresh-
olds elsewhere,

2. MATERIALS AND METHODS

2.1. 1997 study:
mite immigration encouraged

The 1997 study was designed (o develop ecoe-
nomic thresholds for overwintered colonies under
conditions that encourage mite immigration. On
17-18 February 1997 we organized 60 over-
wintering colonies of honey bees in the Pied-
mom region of Georgia and South Carolina, USA
12 states % 2 apiarics per state % 15 colonics per
apiary), Within cach apiary we equulized colonies
for initial bee populations, amount of brood, and
V. Jueebsoni mite populations. We did this by
shaking all adult bees from one apiary into a
common cage, distributing the brood cqually

{using visual cstimates) among the [5 empty
hives, and then distributing cqually (by weight)
adult bees from that state’s sister apiary into the
empty hives. By transferring adult bees to their
stale’s sister apiary, we provenied bees from drifl-
ing back lo their original hive loeations and nul-
lilying our equalizing efforts. We farther dis-
couraged bee drift by distinguishing hive
entrances with a variety of colored geometric
symbals [15].

We monitored initial colony mite levels
immediately after the cgualiang procedure with
sdhesive bottom hoard inserts [ 10]. The number
of mites caught per colony in one overnight sam-
pling after the equalizing procedure was 0.7 £ 0.9
(range 0-3) in Georgia and 6.2 £ 14.3 {range
0=77) in South Carolina, Colonies were
requeened, treated with Fumidil B (Mid-Con) o
control Mosema discase, treated with Teramycin
antibiotic (Plizer) to control brood diseases,
treated with vegetable oilfsugar patties 1o con-
trol tracheal miles (Acarapis woodi [Rennie|)
[IH], and managed optimally for horey produc-
tion.

Each colony within apiary was randomly
assigned one of the following treatments: 1) (rex-
ment with Apistan™ acaricide in February,
2) treatment in August, 3) treatment in February
and in August, 4) continuows treatment, and 3) no
treatment. Three replicates of each reatment
were run in each apiary. This design permitted
mites from non-treated colonics to emigrale to
treated colonies within the same apiary. Apistan
strips inscried in colonies in February were
removed ot day 56. Sirips insened in the contin-
uously treaied colonies were replaced with new
strips every 56-69 duys, and strips inserted in
Awgust were removed al the termination of the
experiment, days 40-42 (South Carolina) or
4344 (Georgin), We replaced failing queens as
necessary and equalized brood within treatment
group and apiary Lo minimize swarming and vari-
ation within ireatment groups, Swarming was
minimized in South Carolina with the Demarec
method | 1].

On 25-26 February, 20, 27, 30 May, and 21,
25 August some colonics were sampled to deter-
mine celony bee populations, average hody
weighl of bees, number of sealed brood cells,
colony mite populutions, and mite levels with an
ether roll test and with an overnight adhesive
bottom board insert (20 £ 4 h exposune) using
published methods (9] We did not use scaricide
10 husten mite drop on bowom board inserts: how-
ever, acaricide unavoidably affected our read-
ings for May and August in the continuously
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treated colonies. On the 25-26 February dates, we
sampled only colonies scheduled for acaricide
treatment that month; however, because colonies
had just recently been set up and no treatments
were yet in place the February parameters given
in table V accurately estimate the initial condition
of all colonies. From 25 September 10 28 Octo-
ber all surviving colonies were dismantled
{n = 55) 10 measure the above parameters plus the
percentage of brood cells with visible disease-
like symptoms [9] and percentage of colony bees
infested with wracheal mites [8]. The following
January, nearly | year after the stan of the exper-
iment, we assessed the condition of the Georgia
colonies with a blind subjective survivability
score; each of four observers independently
examined each colony and scored it, 1o the near-
est half unit, from zero (dead or irrecoverably
weak) to three (best condition and greatest prob-
ahility of surviving winier).

The effects of treatment on colony bee popu-
lations, body weight of bees, number of sealed
brood cells, colony mile populations. and per-
centage brood cells with visible disense-like
symptoms were tesicd with o completely ron-
domized design analysis of variance [20] blocked
o state (Geongio or South Carolina). The effects
of treatment and its interactions with state were
tested with the interaction of treatment with api-
ary ncsted within state, The effects of state were
tested against the effect of apiary nested within
state. IF the interaction of trestment x state was
significant, then analyses were run separately by
state and the error term was the interaction of
treatment with apiary. Least square means was
used (o adjust for non-equal sample size, and
means were separated with a r-test. Differences
were accepled al the oo < 0.05 level, The rela-
tionship between colony mite populations and
mite levels found with ether roll and by bottom
board inserts was tested with regression analyses
120]. With bottom board inserls we were inler-
ested in measuring natural mite drop, 50 we
excluded colonies from the regression analyses
that had Apistan sirips in them ot the time of
sampling.

Forty-one of 55 surviving colonics were pos-
itive for A. woodi, and inlestation levels ranged
from 5 10 95 %, Tracheal mite levels were sig-
nificantly higher in South Carolina (40.2 £ 5.3 %,
mean %= standard errord than in Georgia
(125 £ 34 %) (F=47.8. dl = 1.2: P=0.0203),
but when tracheal mites were included as a
covariate in the main analyses they did not
explain any variation in our parameters of inter-
est (P =0.2025).

2.2, 1998 study:
mite immigration minimized

The 1998 study was designed to compare the
various treatment regimens for overwintered
colonies under conditions of minimized miwe
immigration. The basie protocol was the same
as in 1997 with key differences noted below,

We set up 40 colonies (2 siates x 5 apiaries
per state ® 4 experimental colonies per apiary).
Each of the ten apignes was al least 0.6 kim away
from other known bee colonies. Each apiary
within state randomly received one of the five
experimental treatments as used in 1997, and
experimental colonies within apiary received the
same treatment. Thus, there was minimized risk
of mites immigrating from non-treated colonics
to treated colonies within the same apiary.
Colonies were removed from the experiment if
they died or became queenless and in two cases
when acaricide strips were found in colonies past
the prescribed treatment interval,

The number of miles caught per colony per
day on adhesive bottom board insens afier initial
setup was 006 + 0.3 (range 0-1.3) in Georgia and
06 % 1.| {range 0-4.5) in South Caroling, Apis-
Lan strips inserted in colonies in Fehruary were
removed ol day 56; strips inserted in the contin-
wously treated colonies wene replaced with new
sirips every 56-67 days, and strips insened in
August were removed at day 58 (South Carolina)
or al days 80-83, the lermination of the experi-
ment {Georgia). The experiment was dismantled
from 26-30 October (1 = 36 colonies ).

The effects of trealment on colony bee popu-
lations, body weight of bées, number of sealed
brood cells, colony mite populations, and per-
centage brood cells with visible disease-like
symptoms were fested with a completely ran-
domized design analysis of vadance blocked on
state. The interaction of month of reatment X
stale was the ermor term. Analyses were run sep-
arately by state and the parameters tested against
residual ecror when treatment x siale interaction
was significant.

3. RESULTS AND DISCUSSION
3.1. General

In the 1997 study under conditions that
encouraged mite immigration, there were
treaiment effects in Sepiember—=COctober on
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colony bee populations and colony mite
populations (F 2 6.5; df = 4,8; P £0.0123),
but not for bee weight nor the percentage
of brood cells with disease-like symploms
{rable I). There were treatment X state inter-
actions for the number of sealed brood cells
(F =9.63; df = 4,8; P = 0.0038); reatments
affected brood in South Carolina (F = 16.4;
df = 4,4; P = 0.0096) but not in Georgia
(rable [IT).

In the 1998 study under conditions that
minimized mite immigration, there were no
treatment effects in October for colony bee
populations, bee weight, number of sealed
brood cells, nor the percentage of brood
cells with discase-like symptoms (iable I7T).
There was a treatment % state interaction
for colony mite populations (F = 4.87,
df = 4,26; P =0.0046) and significant treat-
ment effects in each state (F = 12.2;
df =4,12; 4,14; P = 0.0003) (1able I'V).

3.2. Colony bee populations
and bee weight

Under conditions encouraging mile
immigration, colony bee populations in
September—October were highest in colonies
treated continuously with acaricide, The
populations of continuously treated colenies
were not significantly different from those of
colonies treated once in February and again
in August (fable Iy, however, this is based on
a conservative interpretation of a  value
of only 0.0501 {i-test) between these two
means. Nevertheless this supports an argu-
ment against Lreating colonies continuously.
Continuous treatment not only risks con-
taminated hive products and acaricide-resis-
tant mites, but in our study failed 1o achieve
bee populations significantly larger than in
the more conservative February + August
schedule. Moreover, the satisfactory per-
formance of the February + August schedule
in 1997 was achieved in apiaries in which
mite emigration from non-treated colonies
was an acute threat, In 1998 when apiaries
were managed to minimize mile immigra-

tion, the February + August schedule actu-
ally yielded the numerically highest aver-
age bee populations (table IT).

In both years, treatments did pot affect
average bee weight {rables I and H).
Although V. faecebsoni can reduce body
weight in bees parasitized as immatures [7],
a remedial effect of acaricide was not appar-
ent in this study nor in our earlier work with
first-year colonies [9].

3.3. Number of sealed brood cells
and percentage brood cells with
disease-like symptoms

In South Carolina in September-Ocio-
ber under conditions encouraging mite
immigration, the number of sealed brood
cells was highest in colonies treated con-
tinvously and in colonies treated in February
+ August (table IH). This contrasts with our
earlier work with first-year colonies in which
brood number was highest in those colonies
with the most V. jacebsoni-induced dys-
functions, a phenomenon we hypothesized
may indicate efforts by bees to compensate
for high levels of brood parasitism [9]. Our
1997 results do not support this hypothesis
as brood number was significantly highest in
those colonies in which mite control was
optimized. Instead, our present results sup-
port a February + August acaricide treat-
ment schedule. Continuous acaricide treat-
ment has many inherent risks and in our
study failed to achieve brood production
significantly higher than in the more con-
servative February + August schedule.
Moreover, in 1998 the February + August
schedule yielded numerically similar
amounts of brood 1o that in continuously
treated apiaries (rable IT).

Over both years, incidence of brood with
disease-like symptoms occurred in the non-
treated, February, August, and February +
August treatment schedules, but values
never differed significantly from zero (tables
fand If). V. jacobsoni miles vector or acli-
vate several bee pathogens [3, 16], and



Table 1. Effecis of different acaricide treatment schedules on colonies in apianes managed to encournge immigration by Varroa jocobsom (1997 stedy).
Colonies received one of the following treatments: 1) Apistan acaricide in February, 2) August, 3) February + August, 4) continuous treatment, or 5) no
treatment.

Colony treatment Colony bee Bee weight Colony mile Percentage diseased  Survivability score
population (mg}) population broad (0 =dead. 3 = best)
February 15 506 + 3 384b (12) 1278+ 6a (12) 5758+ 1 430a(12)  44+22a(12) 1.4+ 0.5 (6)
August 16 515+ 3202b (12) 130.7 + 6.8a (12) 372 17b(12) 03+03a(11) 2.3+ 02 (6)
February + Augusl 21 258 + 2 776ab { 10} 1343 £ 6.8 {10} 3£ 330010 Oa (1) 23 0.1 (6)
Continuous 29442 + 3 220w {12) 138.6 £ 3.3a(12) 39+ 24b(12) Oa (12) 28016}
MNon-treated [1488+2 1T8b () 132+ 5,42 (9) 384T £ 1 2052 (9) S0+ 3 Ta(B) 0.4+02(6)

The parameters were measured in September—COctober except for the subjective survivability score which was measured the following January. Volues are averige & stan-
dard error. Column averages followed by the snme letter are not different at the 2 < 0005 level. Mumbers in parentheses = n. The survivahility score wos nof analyzed because
of its small size and subjectivity,

Table I1. Effects of different acaricide weatment schedules on colonies in apiaries managed 1o minimize immigration by Varroa jacebsoni (1998 study).

Colony treatment Colony bee population  Bee weight (mg) Scaled brood cells Percentage discased brood
February 225344 278 (6) 134.5+7.3(6) 2426 + 593 (6) 1 £0.8(6)
August 17679 2 1 456 (8) 1293 £ 4.7 (8) 966 + 382 (8) 0.2 £0.2 ()
February + August 23000 = 2270 (7) 123.5+5(T) 1594 = 291 (T) 0.3+0.3(7)
Continuous [7059£1494(7) 1405+ 7.8(7) 1 508 + 486 (T) 07
MNon-treated 10959 = 2 200(8) 1272 £4.5(8) | 067 £ 269 (8) 1 +0.6(8)

Apinries received one of the treatments described in tafble I The perameters were measured in Ogiober. Walues are average = standard error. There were no significant effects
of trestment. Numbers in porentheses = i,
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Table 11 Effect of different acaricide treatmient
schedules on number of sealed brood cells in
apiaries managed to encourage immigration by
Varroa jacobsoni (1997 stedy).

K.5. Delaplane, W.M. Hood

Table IV, Effect of differcnt acaricide treatmenl
schedules on colony mite populations in apiarics
managed to minimize immigration by Varroa

Jacobsoni (1998 study).

Colony treatment Sealed brood cells Colony treatment Colony mite populations
Georgia Georgia
February 3 855 = 933a(6) February BRI 135c(2)
August 3549+ | 193a (6) Augusi 22+ 22a(d)
February + August 2901 £ 4233 (6) February + August Da (4)
Continwous 3292 +411a06) Continuous a3
Nona-treated ITITxRT4a(6) Mon-treated 4485 1 301b(4)
South Carolina Sowth Carolina
Februay 3146+ 723h (6} February 3927+ 660b(4)
August 3327 £ 1 206b (6) August 1 201 = 2740 (4)
February + Augus) TT759+ 16230 (4) February + August 30+ 30a(3)
Continuous 907 £ 1 244a(6) Continuous D (4)
MNon-treated | 665 + 1 365b(3) MNon-treated

T4l 1411c(4)

Colonbes received one of the ireatments described in
tethie I Colonies wene dismantled and numerous param-
clees measured in Sepember-Ociober. There were
tregiment * suue imeractions with the number of seabed
brood cells, so this perameter was analyred separately
by stute. Walues are average = standind error. Column
avernges followed by the same letier are not differon
at the o= 005 level. Mumbers in parenibeses = n.

brood parasitized by mites often display vis-
ible disorders [21]. In our study, visible
brood pathology was eliminated only in
colonies ireated continuously with acari-
cide. We do not believe that this is a com-
pelling defense for continuous treatmenis
considering the low incidence of visible
brood pathology in the February + August
groups (0 96 [1997) and 0.3 % | 1998]).

31.4. Colony mite populations

In September-October under conditions
encouraging mite immigration, colony mite
populations were highest in colonies treated
in February and in non-treated colonics
(rable I). Mite populations did not differ
among the August, February + August, nor
continuously treated colonies, all of which
had Apistan acaricide strips in them at the
lime of sampling. Our data suggest that one

Apiarics reccived one of the treatments described in
sabde I Colonies were dismantled and numerous parmn-
clers measured in Coober, There were (remment x
szt interactions with colony mite populations, so this
parameter was anulyzed sepamely by sate, Values are
averupe + siondard error. Column averages followed
by the same letter wre not differens a1 the o £ 0.05 level,
Numbers in parentheses = i,

February acaricide treatment is not satis-
factory under conditions of mite immigration
in the southeastern US A, Apistan acaricide
strips were removed from February-treated
colenies by 23 April, and by Septem-
ber—October mite populations in these
colonies had rebounded to the same level
as non-treated colonies. This rapid growth
occurred from reproducing survivors and
also from mites emigrating from non-treated
colonies in the same apiary.

A rapid rebound of mites in February-
wreated colonies also occurred in 1998 under
conditions of minimized mite immigration.
Acaricide was removed from February-
treated colonies by 23 April, and by October
mite populations in these colonies had
rebounded 1o a level approaching or exceed-
ing that of non-treated colonies (table IV).

These results imply that if we are (o
develop an optimally conservative single-
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treatment acaricide schedule for the south-
eastern USA, it will occur late in the sea-
son rather than early, A single treatment
early in the season is unsatisfactory because
many months of brood rearing remain to
support reproduction by surviving mites;
reproduction rate of mites is high when the
ratio of mites per brood cell is low [11]. A
single late-season treatment 1n August gave
optimum results in first-year colonies under
conditions of minimized mite immigration
[2]. In the present study with mature
colonies under varying conditions of mite
drift, single August treatments generally
gave intermediate results (tables I-1V).

3.5. Implications for
an economic threshold

In the 1997 study under conditions
encouraging mite immigration, satisfactory
mile control with minimized use of acari-
cide was achieved in mature, overwintered
colonies treated once in February and again
in August. Continuous treatment, a non-sus-
tainable practice included in this study to
provide a positive check, failed to achieve
bee populations, brood number, and mite
populations significantly different from the
more conservative February + August sched-
ule. A single February treatment permitied
an unaccepiably high rebound of mites by
September—October which was associated
with redoced brood number (in South Car-
olina) compared to February + August-
treated colonies (tables [ and 141). In 1998
under conditions of apiary isolation, average
October bee populations were numerically
highest in February + Augusi-treated
colonies (table IT).

However, there is reason 10 hypothesize
that a more conservative single late-season
treatment may work, especially if the hee-
keeper is able 1o minimize mite immigra-
tion by isolating apiaries from known
sources of mite contamination and by treat-
ing all colonies in an apiary simultaneously
with acaricide. Our 1998 study with isolated

apiaries failed to demonstrate significant
differences in October among treatments
for all variables except colony mite popu-
lations {tables 1] and 1V). But it is worth not-
ing that October bee populations and inci-
dence of diseased brood in colonies treated
only in August compared favorably with
other treatments; bee populations even
exceeded numerically the bee populations
in continuously treated colonies (table [T).

It is insightful to compare the condition of
Augusi- and February + August-treated
colonies in the Augusis of both yvears (rables
Vand Vi) Comparing the February + August-
treated colonies, Lhe mite populations, ether
roll, and boltom board insert levels were
prediciably lower in 1998 under conditions
of isolation, and this was associated with
zood colony condition in October (rable 11,
It is possible that the February + August
colonies in 1998 were below economic
threshold when they were treated in August,
However, it is possible that the August-
treated colonies in 1998 were in fact at eco-
nomic threshold when they were treated.
Mote the similarity belween August mite
populations in August-treated colonies in
1998 (4 057, rable Vi) and in February +
August-treated colonies in 1997 (4 261,
table V).

It is arguable that a single August treat-
ment gave satisfactory results even in 1997
under conditions of mite immigration.
August-treated and February + August-
treated colonies did not differ significantly
in Seplember—October in bee populations,
bee weight, and incidence of diseased brood,
and Aupust-treated colonies were subjec-
tively scored the lollowing January as
equally likely 1o survive winter {rable [},
These similarities are paralleled by similar
colony mile populations in August (4 144
and 4 261, rable V).

If late-season mite populations of ~4 000
represent a lolerable level, we must also
identify levels that are damaging. Our earlier
work with fist-year colonies [9] established
that late-season mite populations of 6 662



Table ¥, Colony parameters at different sampling periots during the year in apiarics managed to encourage immigration by Varrea facobsoni (1997 study).

Colony treatment Colony bee Sealed brood Colony mite Percentage mite Ether roll Bottom board
population celly population population (mitesf300 bees) inserts (mites)
on adull bees
February sampling
MNA 12606+ 1 145(12)  4074£235(12) 97 x33(12) 528+ 102(7) 2B+ L1012 10.2+6.1 (12)
May sampling
February 23B03 £ 13B4B(3)  6307T£3996(3) 129 £ 97 (3) 4.5 % 35.5(2) D.3£03(H 23x1.5(3)
Aupgust 2T064£8222(3)  12909+2245(3) 192 |5143) I55x355(2) 02x02(3) 2+ 1.5(3)
February + August IoTEI0043(3) 141771 335(3) 77 £ 1774(3) 34 06£0.6(3) 3+£25(3)
Continuous* 2982T£4240(3) 11811 £40464(3) 03 MNA, 03 0.3x03(3)
Non-treated 26832+£2372(3) B156+2252(3) 200 +299(3) 16.8(1) 282£28(3) 1229(3)
August sampling
February 2795222 598 (4) B 337 = 853 (4) 091 172(4) S5EB=13.404) Bx2.B(4) 156275 (4)
August 2403228 141 (4) 6247 = 1922¢4) 414421 119(4) 452x83(4) I 1T(4) 139+ 52 {4)
February + August 243723018 (4) TI191 =1 155(4) 4261 +1585(4) 722=119(4) 139z58(4) 187+ 69 (4)
Continuous® 28 524 2476 (4) BOI3 £ 1496 (4) 111 £69(4) 60.6 = 30.4 (2) 0.4 204 (4} A 17{H
MNon-treated 13 BE2 + 6 606 (4) RIS =1 176(4) 2666 £87344) 599+139(4) S529+45R(4) 148 = 61 (4)

Each colony received one of the ireatmenis described in table £, WValues ane avernge = standard emor. Numbers in parentheses = n. Colonies were sompled in February hefone

treaiments were begun, * Apistan was present in these colonbes at (ime of sumpling,

POOH ‘N Ay “2ueidufag 'S
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exceed economic threshold, and in the pre-
sent study mite populations approaching
6 000 were associated with decreasing bee
populations and increasing brood disease in
September—October and poor colony con-
dition the following January (tabie [).

In summary, we believe that in this study
only the August-, February + August- (1997)
and Augusi-treated { 1998) colonies were in
fact at economic threshold when they were
treated in August. Moreover, the August
parameters of these mature colonies (fables
Vand V) and the August threshold param-
eters we developed for first-year colonies
[9] are noticeably congruent. Thus, we sug-
zest that a rue late-season economic thresh-
old for varroa mites in the southeastemn USA
lies within a range of mite populations of
3 172—4 261, ether roll mite levels of 15-38,
and bottom board insert mite levels of
59=187 in colonies with bee populations of
24 B0B-33 699. Our present resulis suggest
that overwintering colonies can benefit from
an additional early-seasan {February) treat-
ment. This benefit was realized in colonies
which in February had the following average
valoes: mite populations 7-97, ether roll
0.4-2.8, bottom board inserts 0.6-10.2, and
bee populations 12 606-13 500 (rables V
and V). And finally, our present resulis sug-
@est that apiary isolation has the benefit of
delaying the onsel of economie thresholds:
August colony mite levels were consider-
ably lower in February + Auvgusi-ireated
colonies in 1998 under conditions of isola-
tion than they were in 1997 under condi-
tions of mite immigration.

Economic thresholds vary by region [2],
owing to such differences as brood rearing
season and possibly unknown genetic dif-
ferences in bee and mite populations. Thus,
we believe that this type of research should
be replicated in other regions. Our proto-
cols described here and earlier [9] were able
to identify mite levels that were damaging
and levels that were tolerable, and we
believe that these protocols can give practi-
cal results elsewhere.

3.6. Sensitivity of mite sampling
methods, 1997 data

The relationship of ether roll mite levels
with colony mite populations was described
by a model (r = 0.74) with a simple posi-
tive linear term (coefficient = 0.013 £ 00001).
The same relationship with bottom board
inserts was described by a model (r = 0.76)
with linear (0.05 = 0.01), quadratic
(-5.2*10" = 1.8*10%), and cubic (L.6*10-""
+ () terms, The simple positive linear rela-
tionship in the first model means that one
can expect increasing ether roll levels to
reliably predict increasing colony mite pop-
ulations. The complicated cubic relation-
ship with bottom board inserts means that
high colony mite population may yield high
or low insert levels.

These results diametrically contradict our
earlier work in which bottom board inserts
yielded the more straightforward linear
mode! [9]. Bottom board inseris is gener-
ally regarded as the more reliable sampling
method [12, 13] because inserts potentially
sample the entire adult bee population. We
did not use acaricide to hasten mite drop,
so our values reflect natural mite drop off
adult bees during the sampling interval
(20 £ 4 h). Excluding the continuously
treated colonies which contained Apistan
strips at the time of sampling, the number of
mites retrieved on inseris expressed as a per-
centage of colony mites on adult bees was
2.8-23.9 % (derived from rafrle V) which
is similar to the daily range of 0.6-17.8 %
published by others [5].

The ether roll test is easy to do, and our
present results suggest that it can reliably
predict colony mite populations. Collec-
tively, these resulls suggest that threshold-
based treatment decisions should be based
on an average of several samplings. The
method of sampling, whether by ether roll or
bottom board inseris, may be of secondary
importance.



Table VL. Colony parumeters al different sampling periods during the year in apiaries managed to minimize immigration by Varroa jacobsond { 1998 study).

Colony treatment Colony bee Sealed brood Colony mite Percentage mite Ether roll Bottom board
population cells population population {mites/300 bees) insérts (mites)
on adult bees
February sampling
NA 13500 £2507412) 51734064 (12) T+T(12} 1031 0.4+0.2(12) 0.6=0.2(12)
May sampling
February 40253 £9772(3) 12961 + ] 652(3) 84 + B4(3) 1001} 0.6 0.6(3) 222(3)
Augusi 33975+ 7 453 (4) 11790 2 3433 (4) 306+ 178 (4) 6E.T £ 20.5(2) 24221 (4) 125£7.2(4)
February + Augusi 42940 + 7 866 (4) 12 449 + 2 645 (4) 252254 40.201) 03+03(4) 48+£28(4)
Continuous® 48325 £10741{3) 15952+ ] 233 (3) 45 +45(3) 106N (1) (3} 0.3x£03(3
Mon-treated 43130£7258(4) 14 167=1126(4) 355+ 251 (4) §9.6+247 (2) 182 1.1(4) 5£26(4)
August sampling
February 29738 = | 301 (3} 5415+ 985(3) 1 090 £ R36(3) 57.1 £29.7 (3) I £22(3) B+£7.5(3)
Aligust 336995101 (4) 5784 £523 (4) 4057+ 1943(4) 60T+ 10444) 2722173(4) SBEx324(4)
February + August 25675+ 5435(4) 5247 £ 1395 (4) T30+ 198 (4) 57104 (4 33+0.8(4) 10.8 £ 6.5 (4)
Continuous* 253652393 (1) 4052+ 1731 (3) 0{3) MNA 0(3) 03203(3)
Mon-treated 27 197 £ 4641 (4) 4232+ 1 105(4) 2309+ B53 (4) 531 +55(4) 123+5.1(4) 47 3254 (4)

Each colony received one of the weaments deseribed in rable £, Values are average £ standard error. Numbers in parentheses = . Colonies were sampled in February befon:
Lreatments were begun, * Apistan was present in these colonies ot time of sampling.
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Résumé — Seulil de déghits économigques
pour Varroa jacobsoni dans le sud-est des
Etats-Unis. Dans ce travail nous apportons
la preuve d'un seuil é&conomique pour Var-
roa jacobsoni dans des colonies ayant
hiverné dans des conditions qui soit facili-
tent, soit entravent la réinfestation par|'aca-
ren.

En février 1997 nous avons installé dans la
région du Piedmont de la Géorgie et de la
Caroline du Sud, Etats-Unis, 60 colonies
d'abeilles ayant hivermé, Les ruchers élaient
infestés par V. jacobsoni. Chaque colonie
au sein d'un méme rucher a regu 1'un des
traitements suivanis : 1) traitement & 1" Apis-
tan®en février, 2) en aodt, 3) en février eten
aofit, 4) en continu , 5) pas de traitement.
Ce dispositif permettait aux acariens des
colonies non traitées de réinfester les colo-
nies traitées d"un méme rucher. En février,
mai et aoiit, on a déterminé dans certaines
colonies les paramitres suivants : Laille de la
population d*abeilles, poids corporel moyen
des abeilles, nombre de cellules de couvain
operculé, wille de la population d'acariens et
niveau d'infestation & 1"aide du « test du
rouleau d’'éther » [9] et d"un lange adhésif
placé sur Iz plateau de fond, En septembre et
en octobre, toutes les colonies survivantes
ont &té démantelées afin de mesurer ces
paraméitres ainsi que le pourcentage de cel-
lules de couvain présentant des symptomes
visibles de maladie.

Le protocole de base a €& répété en 1998,
miais cetle fois-ci la réinfestation a été réduite
au minimum. Nous avons installé 40 colo-

nies (2 éats x 5 ruchers/état % 4 colonies/
rucher). Chaque rucher &tait au moins distant
de 0,6 km des autres colonies connues. Dans
un méme état chaque rucher a regu 1'un des
cing traitements et les colonies d'un rucher
ont toutes regu le méme traitement. Ainsi
le risque de réinfestation des colonies traitées
par les acariens des colonies non traitées
€tait réduit au minimum. L'expérience s'est
terminée en octobre (n = 36 colonies).

Mos résultats suggdrent que seules les colo-
nies traitées en aoiit 1997, en février + aoiit
1997 et en aofit 1998 étaient au seuil éco-
nomique lorsqu'elles ont €€ traitées en acit.
En outre les paramétres pour le mois d’aofit
de ces colonies (tableaux Vet VI concor-
dent nettement avec les paramétres du seuil
en zoit que nous avions développés pour
des nuclei, Nous estimons donc qu'il existe
un véritable sevil économique d’ arrigre sai-
son pour I"acarien V, jacebsoni dans le sud-
est des Etats-Unis, situé dans une fourchetie
de population d’acariens comprise enire
3 172 et 4 261, Cela cormrespond 4 un nombre
d'acariens entre 15 et 38 par rouleau d'éther
et entre 59 et 87 par lange sur le plateau
pour une colonie de 24 808 & 33 6949
abeilles. La concordance entre cette éwde
et la précédente [9] suggére qu'en arriére
saison des populations d'acariens ~ 6 000
sont au-dessus du seuil économique. Les
colonies qui hivernent peuvent bénéficier
d'un traitement supplémentaire d'avant-sai-
son (février). C'était le cas des colonies qui
en février avaient les valeurs moyennes sui-
vantes : population d’acariens 7-97, rou-
leau d’éther 0,4-2.8, langes 0,6-10,2, popu-
lation d'abeilles 12 606-13 500 (tableawx V
et ¥I). Un traitement acaricide continu n’a
jamais réussi 3 augmenter significativement
la population d’abeilles ni la quantité de
couvain par rapport au traitement de février
+ aoilt, plus traditionnel. Enfin nos résul-
tais montrent que I'isolement d'un rucher
reiarde le dépassement des seuils écono-
miques ; les niveaux d’acaricns dans les
colonies d"acit étaient considérablement
plus faibles dans les colonies traitées en
février + aodt dans les conditions d"isole-
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ment de 1998 que dans celles de 1997 en
conditions de réinfestation. © Inra/DIB/
AGIB/Elsevier, Paris
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chimique

Zusammenfassung — Okonomische Scha-
densschwelle durch Varroa jucobsoni im
Siidosten der USA. In dieser Arbeit belegen
wir die konomische Schadensschwelle fur
Schiiden durch Varrog jacobsoni an tiber-
winternden Wirschaftsvilkern unter Mil-
beninfektion fGrdemnden oder behindernden
Bedingungen.

Ab Februar 1997 betreuten wir 60 itber-
winterte Bienenvitlker in der Piedmont
Region von Georgia und Siid Carolina,
USA, Die Bienenstinde waren mit Varroa
Jacobsoni infiziert. Jedes Volk pro Stand
wurde einer der folgenden Behandlungen
unterzogen: 1) Behandlung mit Apistan im
Februar, 2) Behandlung im August, 3)
Behandlung im Februar und August, 4) Dau-
erbehandlung und 5) keine Behandlung. Bei
dieser Anordnung konnten die Milben von
unbehandelten Vilkern in behandelte inner-
halb des Bienenstandes eindringen. [m
Februar, Mai und August wurden einige
Vilker untersucht, um die Yolksstiirke, das
mittlere Kiirpergewicht der Bienen, die Zahl
der verdeckelten Brutzellen, die Milbenpo-
pulation und den Milbenbefall durch einen
‘Atherrolitest' und mit klebriger Bodenein-
lage zu bestimmen. Im Seplember und Okio-
ber wurden alle ilberlebenden Vilker (n =
55) aufgeldst, um die oben aufgefiihrien
Parameter und zusitzlich den Prozentsalz
der Brutzellen mit sichtbaren Schadens-
symplomen Zu messen.

Dieser Versuch wurde 1998 wiederholt, nur
wurde diesmal die Milbeneinwanderung
minimiert. Dazu stellten wir 40 Vilker auf
(2 Staaten ¥ 5 Bienenstinde pro Staat x 4
Versuchsvilker pro Stand). Jeder Stand war
mindestens 0,6 km von anderen bekannten
Vilkern entfernt, auf jedem Stand pro Staat
wurde eine der 5 Behandlungen angewendet,

und alle Versuchsvilker innerhalb eines
Standes wurden gleich behandelt. Dadurch
wirde das Risiko einer Rilckinfizierung
durch Milben aus nicht behandelten Vil-
kern innerhalb eines Standes minimiert. Der
Versuch wurde im Oktober aufgeldst (n = 36
Vilker).

Nach unseren Daten scheinen nur die 1997
im August bzw. im August + Februar und
die 1998 im August behandelten Vilker
unter der Skonomischen Schadensschwelle
zu bleiben. Zusitzlich stimmen die August
Parameter dieser Wirtschafisviilker (Tabel-
fen V und VM) und di¢ Auvgust Schwellen-
parameter, die wir filr Ableger entwickel-
ten, deutlich iberein. Deshalb nehmen wir
an, daf eine reale spiitsaisonale Schadens-
schwelle durch Varroamilben im Siidosten
von USA bei einer Milbenpopulation von
3172 - 4 261 besteht. Das entspricht einer
Atherroll-Milbenzahl von 15-38 und einer
Milbenzahl auf der Bodeneinlage von
59 — 187 bei einer Volksstirke von 24 808
bis 33 699 Bienen. Ubereinstimmende Daten
dieser Untersuchung und unserer frilheren
Arbeit [9] legen nahe, daf} eine spiitsaiso-
nale Milbenzahl von Uber 6 000 Gber der
tikonomischen Schadensschwelle liegt.
Uberwinterte Yélker kiinnen von einer
zusiilzlichen Frithjahrshehandlung (Februar)
profitieren. Dieser Vorteil wurde bei Viil-
kern mit Yolksstirken von 12 606-13 500
Bienen emreicht, bei denen im Durchschnitt
folgende Werte im Februar vorlagen: Mil-
benpopulation 7-97, Atherrolltest 0,4-2.58;
Bodeneinlage 0,6-10.2 (Tabellen V und V).
Eine Daverbehandlung erreichte nie eine
signifikant hishere Bienenzahl oder Brut-
menge als die herkdmmliche Behandlung
im Februar + August. Schlieflich zeigen
unsere Ergebnisse auch, daf die Isolation
von Bienenstinden das Uberschreiten der
Schadensschwelle behindert. Im August
1998 war der Milbenbefall unter isolierten
Bedingungen bei im Februar + August
behandelten Vilkem verhiiltnismiifig nied-
riger als es 1997 unter Bedingungen mit
Rilckinfizierung durch Milben der Fall war.
@ Inra/DIB/AGIB/Elsevier, Paris
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