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Abstract — The most common method used to assess the level of mite infestation in a bee colony is
to count all the mites that fall onto sticky boards placed on the bottom of a colony. Unfortunately, this
is a laborious and boring task. Therefore, a stratified sampling technique was devised to accurately
estimate the number of mites on sticky boards. The technique, when compared to a census count of
all mites, resulted in a coefficient of determination of 0.97 or greater. The stratified sampling proto-
col in which we randomly selected 33% of the cells on a sticky board and did not choose new random
numbers for each sticky board resulted in an accurate estimate of the nuMaepafjacobsoni

This technique gave a mean percent error of 0.4% * 9.5% for any one estimate of a sticky board.

stratified sampling / Varroa jacobsoni mite / sticky board

1. INTRODUCTION bottom of the hive [2—7]. These boards are
called sticky boards when they are coated
with a sticky substance, such as petroleum
'eI{y to ensure that the mites that fall onto the
ard remain until each has been counted.

Varroa jacobsoniive exclusively on
honey bees and have become a serious p
worldwide. It has become important for both ach mite on the sticky board is counted

beek_eepers and researc_:hers to regularE/nd the total number of mites is divided by
monitor levels of mite in honey bee

colonies. The most common method forthe number Of. days thg board was in the

- L . -hive to determine the mite drop per day.
assessing the level of mite infestation that is
not destructive to bees entails counting adult Counting each mite on a sticky board is a
mites that fall to the bottom of the colonylaborious and boring task. In highly infested

and are captured on a board placed on tteplonies, there may be thousands of mites to

* Correspondence and reprints
E-mail: nxo3@psu.edu
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count. The mites are tiny, and hidden amonthe beehive. Inside a hive, bees live on series
other debris that falls onto the sticky boardsof parallel frames of comb. The distance
As aresult, we find that there is considerablbetween frames causes mites to land on the
inconsistency in making a complete censusticky board in bands. The width of the
of the number of mites on a board. bands is determined by the distance between
Rather than taking a complete census, the frames and the frame width. In addition,

sampling technique was developed to estees are not distributed ur]lformly on the
mate the mite counts. If mites were evenlfames, but usually cluster in the center of
distributed on sticky boards, counting thethe hive. As a result, mites tend to occur on
number of mites in a simple random sampl¢he sticky boards non-evenly in parallel
of cells would be an efficient and accurate?@nds (Fig. 1).

method for determining mite numbers. Two A simple random sample of non-random
factors create a non-random distribution odata can often over or under sample differ-
mites. Mites are not evenly distributed orent portions of a population. A method for
a board because of the physical nature testimating the number of mites on sticky
boards using stratified random sampling
was developed by Calderone [1]. His
method did not respect the 2 dimensional
stratification produced by hive characteris-
tics and mite/bee behavior. We developed a
stratified sample technique to take full
advantage of the striped and clumped pattern
of Varroa jacobsonon sticky boards. Strat-
ification divides the population into groups
based upon the natural distribution of the
data within the population. Samples are then
taken from within each group to ensure that
the sample represents the actual population.
In addition, we used new statistics not used
by Calderone to evaluate our sampling algo-
rithm. This stratified sampling technique
was evaluated for its ability to accurately
estimate the total number of mites on a
sticky board. In addition, we compared the
accuracy of the counts when different pro-
portions of the sticky board were counted.
Finally, we assessed the need to select new
random numbers for each sticky board ver-
St A A sus using the same random numbers for
A puweppew nemsicm . €very sticky board.

froleug l-‘llh_srr::;.ﬁ.nl(mld fmﬁ*lﬁ;remm e
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Figure 1. Non-random mite distributionona o MATERIALS AND METHODS
sticky board. Mites are not evenly distributed on

the sticky board because of the physical nature of ;

the beehive and the behavior of bees. The frames 2.1. Sticky boards

cause mites to land on the sticky board in paral- .

lel strips. Bees cluster within the hive. The result ~ For our sticky boards, we use sheets of
of these two factors is that mites tend to occuwaxed cardboard, coated with petroleum
within non-evenly distributed parallel bands. jelly, to trap fallen mites. The dimensions
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of the sticky board are 32 cm by 42 cm. A(Fig. 2). Each cell within a block was
grid containing two hundred and sixteenassigned a number from one to nine; a ran-
cells (12 cellsx 18 cells) is printed on the dom number generator was used to produce
sheets. Each cell is two square centimetera. list of numbers. Cells were selected ran-
The cell size was chosen to match the disdomly without replacement from each block
tance between hive frames, and the size afsing a random number table [8]. Some
the grid (24 cm by 36 cm) corresponds withmites fall on the lines of the grid rather than
the area within the hive where mites fall. within a cell. To ensure an accurate count,
mites on a grid line were included in a cell
. , count if they fell on the left or upper lines of
2.2. Counting techniques the cell. A mite on the right or lower cell
) line was considered to belong to the adja-
‘We used several techniques to counten; cell. Because the same number of cells
mites. First, we did complete counts of there sampled in each strata it is possible to
total number of mites on fifty-four sticky getermine the total number of mites on a
boards. This census was assu_med to be tEﬁcky board by multiplying the mean num-
true and accurate count of mite nuUmbers,er of mites per cell by the total number
The mite fall pattern on these f|fty-f0ur8216) of cells.
boards was used to design the sampling pro-
cedure. To take advantage of the mite fall We evaluated six different sampling pro-
pattern in the sampling of the sticky boardsgedures based upon two variables. The first
the 216 two by two centimeter cells on eaclvariable was the percentage of the board
grid were grouped into blocks of nine cellscounted. Either two, three or four cells
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Figure 2. Sampling grid: two, three or four cells were randomly selected from each of the 24 blocks
on a sticky board to estimate the number of mites. The shading of the 3 cells within each block pro-
vide an example of the template developed to save time by pre selecting the randomly chosen cells
from which mites are counted.
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within each block of nine cells were countedgrror can be determined by taking the abso-
resulting in forty-eight cells (22%), seventy-lute value of the census mite count minus
two cells (33%) or ninety-six cells (44%) the estimated mite count and then dividing
cells, respectively, being counted. The meahy the census mite count. If the error for
number of mites per cell was determinedeach sticky board is summed, then you have
for each of the three sample sizes and usedcumulative error estimate for all the sticky
to estimate the total number of mites peboards combined. The cumulative error esti-
board. Then, for each of the three samplenate is called the overall mean error. The
sizes we used two methods of cell selectioroverall mean error was determined by the
In one case, new sets of randomly selectefdllowing formula:
cells were counted for each board. This Wag),arall mean error
more time consuming than simply using the
same set of randomly selected cells for all n |count— estimatg
the boards. Therefore, we compared the —
results of using a new set of random cells
for each board with that of using a single
set of randomly selected cells for all thewhere thecountis the census count of mites
boards. on the sticky board, thestimatds the num-
ber of mites estimated for each procedure,
. , i is the sticky board number amds the
2.3. Statistical analysis sample size. Because we are summing the
) ) _ absolute value of the census count minus
The accuracy to which the estimated mitgne estimated count for each sticky board,
number predicts the census count of mitegyis measure cannot have any negative val-
was evaluated using simple linear regresyeg and will never have a sum less than zero.
sion. Regression equations were compareg the estimation procedure is accurate, the
for the six sampling procedures. We als@yerall mean error and its standard devia-
compared the accuracy of the six samplingon should be small. Overall mean error
procedures in cases where there were lowng jts standard deviation were calculated
medium or high numbers of mites on t_hefOr each sampling proportion, 22%, 33%,
boards (< 500, 500-1 000, or > 1 000 miteg ¢ 44%, for each mite density, low,
per board). medium, high and overall, and for new ver-
Two methods were used to estimate theus the same randomly selected cells.

degree of error exp_ected from the sampling T4 evaluate the error in predicting spe-
procedures. The first method, termed theific values for each sticky board, the mean
overall mean error, is the error associateflercent error and its standard deviation were
with estimating mite number on many stickyca|cylated for each sampling proportion, for
boards. The error estimates for each boarg\y versus same randomly selected cells
are combined to provide a mean error estiynq for each mite densities. Unlike the over-
mate for the population of boards countedy|| mean error, the mean percent error yields
rather than an error estimate for a singlgsih positive and negative values and can
board. The second method described, thgaye an overall value close to zero even if
mean percent error, is the error associatefe apility to accurately predict a particular
with estimating mite numbers on one stickya|ye is jow. Thus standard deviation pro-
board. This error estimate provides anijes a more useful measure of the proba-
expected error estimate for one board rathgjjjity of obtaining an estimated value near
than the population of boards. the census count value. The smaller the stan-
The degree to which the estimated mitelard deviation of the mean percent error,
count for a single sticky board could be inthe more confident you can be that a

-1 COUI"I]C
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particular estimate is close to the actual cenwas observed between methods regardless of

sus count. The formula used was: the percentage of the board counted (22%,
Mean percent error 33% or 44%) or the numbers of mites per
. board (< 500, 500-1 000, > 1 000, and all
n count-—estimatg boards). Consequently, only the results for
= I E— the single set of randomly selected cells are
= coun
i=1 presented.

wherecountis the census count of mites on  For each sample size used to estimate
the sticky boardestimates the number of mite numbers, the ability of the estimated

mites estimated for each procediris,the number of mites to predict the census count
sticky board number amds the sample size. was determined. The estimated number of

Concordance correlation [8] is an addi-Y&70a jacobsonwas able to explain no
tional statistical method used to compard€SS than 94% of the variation in the mite
the reproducibility of measurements. ThisC€NSUs count (Tab. I). For sticky boards with
technique can be used to compare a nefore than_500 mites, the predlctlve_ value
measurement procedure against an accept@d the estimated mites number did not
procedure. A high, positive correlation indi-IMProve when more than 33% of the sticky
cates no difference between the new and tHzPard was counted. For sticky boards with
old procedures. Using concordance corre'©SS than 500 mites, the greatest improve-
lation, we compared the stratified randordM€Nt in the predictive ability of the esti-
sampling techniques used to estimate thE'ated miteé number occurred when 33% of
number of mites with the census counts. € Sticky board was counted.

The overall mean error was the lowest
when 44% of the sticky board was counted

3. RESULTS and over 1 000 mites were present while the

largest overall mean error occurred where

Initially, we compared the sampling esti-22% of the board was counted and fewer
mates using a single set of randomly selectettian 500 mites were present (Tab. II). A
cells for all the boards with estimatessubstantial drop in the overall mean error
using a new set of cells for each board. Nevas seen when at least one-third of the cells
significant difference in predictive ability was counted.

Table I. Coefficient of determination for different density sticky boards and the percent of board
counted. The proportion of the sticky board counted and the density of mites influence the ability of
the estimated number of mites to predict the census count of mites. For each proportion and mites den-
sity of the coefficient of determination fRs given. Ninety nine percent of the census count value

can be explained by the estimated value when at least 33% of the board is counted and the board has
a mite density greater than 500.

Percent of sticky board counted

22% 33% 44%
All boards 0.99* 0.99* 0.99*
Boards with < 500 mites 0.94* 0.97* 0.98*
Boards with 500—-1000 mites 0.98* 0.99* 0.99*
Boards with > 1000 mites 0.98* 0.99* 0.99*

* P=0.0001.
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Table Il. The overall mean error for different density sticky boards and the percent of board counted.
The overall mean error, which is the summation of the absolute value of (census minus the esti-
mated mite number) divided by the census number for each sticky board, is a cumulative error esti-
mate for all the sticky boards. This measure will never be less than zero. If the sampling procedure
is accurate, the overall mean error and its standard deviation should be small.

Percent of sticky board counted

22% 33% 44%
All boards 8.4% +7.2%* 6.5% + 6.5% 6.1% +5.6%
Boards with < 500 mites 9.4% +8.6% 8.3% +8.1% 7.5% +6.8%
Boards with 500—-1000 mites 8.3% +5.7% 4.6% +3.7% 5.5% +4.1%
Boards with > 1000 mites 6.7% +4.5% 5.0% +4.2% 4.2% + 3.3%

* Overall mean error + standard deviation.

With this sampling technique, there is athe error would be within 5.3% of the cen-
tendency to underestimate the number asus count. The least accurate estimate of
mites. The mean percent error for anymite number occurred when mite number
estimate was not greater than 1.6% and theas less than 500.

largest standard deviation was 12.9% The concordance correlation was deter-
(Tab. lI). When fewer than 500 mites weremined between the census counts of mites
on a board, for any estimate of a sticky boar@n a sticky board and the estimated num-
the probability was 68 percent that the erroper of mites (33% of the sticky board
would be within 12.9% of the census countiounted). The coefficient of determination
this was the worst estimate of mite numbewas 0.9989F < 0.001), indicating a high
per board. The best mite estimate was pradegree of similarity between values obtained
duced when there were more than 1 000 mitdsy both procedures for each board. The 95%
on a board and 44% of the board wasonfidence interval for the concordance cor-
counted; the probability was 68 percent thatelation is 0.9988 to 0.9991.

Table Ill. The mean percent error for different density sticky boards and the percent of board
counted. The mean percent error and standard deviation were calculated for each sampling propor-
tion and for each mite densities. The mean percent error yields both positive and negative values
and can have an overall value close to zero even if the ability to accurately predict a particular value
is low. Thus standard deviation is the more useful measure. The smaller the standard deviation of the
mean percent error, the more confident you can be that a particular estimate is close to the actual cen-
sus count.

Percent of sticky board counted

22% 33% 44%
All boards 15%+11.2%* 0.4% +9.5% 0.5% *8.6%
Boards with < 500 mites 1.6% +12.9% 0.8% +11.6% 1.2% +10.2%
Boards with 500—1000 mites 1.5% +£9.7% 1.3% £ 5.4% 1.4% £ 5.3%
Boards with > 1000 mites 0.6% +8.3% 0.9% *6.7% 1.1% +5.3%

* Mean percent error + standard deviation.
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4. DISCUSSION assessment the accuracy of sampling a pop-
ulation of sticky board as compared to

Even though a complete census mayounting each mite on a sticky boa_rd. This
seem to provide an accurate count of mite§'€asurement answers the question: how
on a sticky board, this assumption is no@ccurate is the method in determining the
likely to be valid due to systematic and ranllumber of mites on all sticky boards com-
dom error. Systematic error will occur Pined? The mean percent error provides a
because boards with greater mite density/ay to compare the estimated number of
will be more difficult to count than boards Miteés on a sticky board to the census count
with lower mite density. Additional sys- of mites on the same sticky bo_ard. This mea-
tematic error is added when debris is preSurement answers the question: how accu-
sent on the boards or mites are piled on tofte iS the method in determining the num-
of one another. The more debris, e.g., waRer of mites on each sticky board?
and bee parts, on a sticky board, the more When sampling protocols were compared
difficult it is to distinguish between a mite to the census count, it was possible to obtain
and debris. Random error occurs when mitegn adjusted Rno smaller than 0.97, an
are missed or mites are thought to be preoverall mean error no larger than 8.3%
sent when they are not. Even though centSD = 8.1%) and a mean percent error no
sus counting of mites is unlikely to provide|arger than 0.8% (SD = 11.6%) by count-
the true count, the census count is the coring only one-third of each sticky board. If
sidered the most accurate method for assesgre mite count exceeds 1000 per board, it
ing the level of mite infestation. Therefore, js possible to count only twenty-two per-
various sampling protocols were compared@ent of the sticky board and still obtaining an
to the census count of mites on sticky boardadjusted Rof 0.98, an overall mean error of
to determine if a sampling of mites could6.7% (SD = 4.5%) and a mean percent error
replace a census count with little loss inof 0.6% (SD = 8.3%). It is possible that sam-
count accuracy. pling will result in a more accurate mite

We used several techniques to evaluatgount thgn attempting to count each indi-
idual mite due to the occurrence of sys-

the accuracy of the described technique. X .
concordance correlation is used when it i€€Matic and random errors when perform-
desirable to know if measurements are th&'d & Census count.

same from two different methodologies, Using a sampling technique that takes
instruments, or technicians. Two differentadvantage of the striped and clumped pattern
measurement techniques — the census mitd Varroa jacobsonion sticky boards is
count to the mite count estimated by samessential for obtaining accurate estimates of
pling — were compared in this study. Thethe number of mites. The size of each cell,
second method used to evaluate thé&wo by two centimeters, and the blocking
described technique was the overall meanof cells were chosen to correspond to the
error. Like a standard error, the overall meambserved mite pattern. If the stratified sam-
error measures the error for the population gbling technique does not match the mite pat-
boards. The last method used was the medern, the ability of the technique to estimate
percent error. This measurement is analanite number will decrease precipitously,
gous to the standard deviation. It provides arspecially as the actual pattern deviates from
estimate of how far each sampled board ithe sampling pattern. Calderone [1] describes
from the total number of mites on that same stratified sampling technique that takes
board. All three measures are useful; thadvantage of the parallel bands of mites
concordance correlation provides a specififormed by the combs but does not account
statistical test for comparing two method-for non-even distribution of mites caused
ologies. The overall mean error provides aiby the clustering of bees. The Calderone
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protocol provides a good estimate of mitesampling method will reduce the time nec-
number when the sticky board contains moressary to evaluate the impact of various mite
than 500 mites and more than 50% of theontrol techniques.

board is counted. We used a sticky board
with the same configuration as Calderone’s.
The improvement in the precision of the
estimates produced,by our method as Com- 1o work was supported in part by Pennsyl-
pared to _C_:ald_erone S can b_e_ expl_aln_ed bVania Department of Agriculture grants
our full utilization of the stratified distribu- Mg447105 and ME446196, Fund for Rural
tion of mites. Our sampling procedureAmerica (USDA/CSREES 97-36200-5204), Cal-
improves on Calderone’s work in threeifornia State Beekeepers Association, The Cali-
ways. The procedure: (1) is less Comp|exf0rnia _Bee Breeders Association and the M|d-
(2) needs only 33% of the board counte tlantic Apiculture Research and Extension
rather than more than 50%; and (3) is accy=onsortium.

rate for all mite densities rather than only

densities exceeding 500 mites per boardRésumeé — Une technique simplifi€e pour
Our results provide further evidence that thelénombrer Varroa jacobsoniOud. sur les
workload associated with counting mitesplateaux enduits de graisseLa méthode
can be greatly reduced by utilizing strati-la plus répandue pour estimer I'infestation
fied random sampling. par I'acarienvVarroa jacobsonionsiste a

. compter les acariens tombés et restés col-

th A tlme-constjrr]:mg 3spect ofgam?lmg Sigs sur les plateaux de fond. Une technique
€ assignment of random NUMDErS 10T aCky« - antjllonnage stratifié a été développée

sticky bodard. We fgundfthat thﬁ stglictlgn Obour exploiter la répartition en bandes et en
NEw random NUMDETS for €ach Sticky boar grégats d&. jacobsonisur les plateaux.

i |es acariens qui tombent se répartissent de

Lnates. '(Ij'k;)ereforet., a grteat dletal Off tlmde Ca}fbgon uniforme, un échantillon simple de
ﬁsave ﬁ/crga |n%a empﬂ? eo ralrt1 ?m ¥ellules prises au hasard constituerait une

cnosen cells. based upon e results rorg, a5 qe efficace et précise pour estimer le

this study, a new sticky board for estimating, , \hre dracariens. Mais comme les abeilles

the dnuThbter ofhm|t%s h(?s 'bteen d;.velopetljl. {ivent par groupes sur des rayons paralléles,
grig with two hundred sixteen 2-Cm CeliS o5 5cariens atterrissent sur les plateaux

(18 cells by 12 cells) has been printed ont n bandes paralléles d’épaisseur variable
a 32 cm by 42 cm board. Cells are groupegkis "1y 'n, carton enduit de cire et recouvert
into blocks of nine cells with three cells pe:?

ACKNOWLEDGEMENTS

X e vaseline a été utilisé pour piéger les aca-
block randomly selected in each block an pour pieg

L iens sur une grille de 24 sur 36 cm. Le pla-
grﬁ_yﬁd (%0% Sh?d%) to |nd|tcr:1jteTthe Ct?”s [{?eau de fond comptait 216 cellules réparties
which mites are to be counted. 1o estimalfg g ne grille de 12 sur 18. La taille de la

f[he mite drop per day, the number of mites llule, 2 cm, correspondait a la distance
in the shaded squares are counted. The to{@l .o deux rayons de la ruche. Les cellules

number of mites is then divided by 72 (theétaient ; :

y groupées par blocs de neuf (Fig. 2) et
number of cells counted) and multiplied by -, ..
216 (the total number of cells on the board)ChOIS'es au hasard dans chaque bloc et sans

X o PR Y remplacement. On 2nombré | rien
Finally, the total number of mites is divided emplacement. On a dénombre les acariens

.—~"dans chaque cellule sélectionnée. Les aca-
Ei)(/;he number of days the board was in thfe g yombes sur une ligne de la grille étaient

inclus dans le comptage d’une cellule s'ils

By using a stratified sampling protocol étaient tombés sur le bord supérieur ou
to randomly select 33% of the cells on agauche de la cellule. On a évalué six pro-
sticky board, it is possible to obtain an accueédures d’échantillonnage utilisant deux
rate estimate of the number of mites. Thiwvariables : (i) le pourcentage du plateau
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soumis au comptage (22, 33 ou 44 %), (ii) lame nécessite de compter que 33 % du pla-
méthode de sélection des cellules (nouveaurau au lieu de plus de 50 % et (iii) elle est
groupes ou mémes groupes de cellules chagirécise quelle que soit la densité d’acariens,
sies au hasard). Au total 54 plateaux ont étélors que celle de Calderone ne I'était que
analysés. Les coefficients de déterminatioipour les densités supérieures a 500 acariens
ne différaient pas quand on comparait lepar plateau. En utilisant un protocole
estimations utilisant le méme groupe de celd’échantillonnage par couches pour sélec-
lules sélectionnées au hasard et les estimtionner au hasard 33 % des cellules d’un
tions utilisant un nouveau groupe de celplateau, il est possible d’obtenir une esti-
lules. Le nombre d’acariens estimé pouvaifation précise du nombre d'acariens. Cette
expliquer au moins 94 % de la variation denéthode reduira le temps nécessaire pour
la population d’acariens (Tab. I). L'erreur €valuer 'impact des diverses méthodes de
moyenne globale est associée au nombigtte.

d’acariens estimé pour la population de pla- . o .

teaux analysés : elle a atteint sa valeur [{@rroa jacobsoni/ échantillonnage
plus faible iorsqu’on analysait 44 % du pla-Stratifi€ / plateau enduit de graisse

teau et que plus de 1000 acariens étaient

presents (Tab. I). Lgrreur moyenne de po!Jr'Zusammenfassung — Vereinfachte Schatz-

Y . Ar€H¥athode zur Z&hlung vonVarroa jacob-
estime p,qur 1 plateau et ne depa.:ssa_n P&3ni auf klebrigen Unterlagen.Bei der
16 0/3  'écart-type le plus éleve etait OLehéiufigsten Methode zur Bestimmung des
32’9/0 (Tab.l ). Ql,JI"’m.d ondanalysa|t§3 Milbenbefalls miissen die auf der Unterlage
du plateau, la corrélation de concordancgependen Milben gezahlt werden. Es wurde
etait de 0,9989H < 0,001), indiquant un gine \ethode mit Hilfe der stratified sam-
fort degré de similitude entre,les valeu_r ling Technik (Stichprobenwahl von sich
obtenues par les deux procedures. Biefjicht iberlappenden Teileinheiten) ent-

qu’un recensement de tous les acariengjckelt, um den Abfall vorvarroa jacob-
puisse sembler fournir un comptage précissonjauf die Unterlagen in Streifenform bei
cette affirmation n’est vrausemblablementg|eichzemgen Haufungen innerhalb der
pas valable en raison d'erreurs systémastreifen auszunutzen. Da sich Bienen im
tiques et aléatoires. Il existe une erreur sySsereich zwischen den Waben aufhalten,
tématique parce les comptages sur les plagllen die Milben in parallelen Streifen in
teaux ayant une grande densité d’acariensnterschiedlicher Dichte auf die Unterlage
et de débris sont plus difficiles que sur Ieg‘Abb_ 1) Ware der Milbenabfall gleichma-
plateaux qui ont une plus faible densit&ig, wiirde eine einfache zufallige Stich-
d'acariens et moins de deébris. L'erreur aléaprobe von Teileinheiten eine effiziente und
toire survient lorsqu’on rate des acariens oguverlassige Methode zur Schatzung der
gue I'on en compte & tort. Une techniqueMilbenzahl sein.

d’échantillonnage qui prend en compte laEine gewachste mit Vaseline iiberzogene
répartition par bandes et par groupes desappe wurde benutzt, um Milben auf einem
acariens tombés reste indispensable po@4 mal 36 cm Gitter aufzufangen. Die Unter-
obtenir des estimations précises. Calderoniage enthielt 216 Flacheneinheiten in einem
[1] décrit une technique d’échantillonnage12 mal 18 Gitter. Die Gige der Einheiten
par couches qui prend en compte les bandesn 2 cn? entsprachen dem Abstand zwi-
paralleles d’acariens mais pas la distribuschen den Waben. Die Einheiten wurden in
tion non uniforme des acariens dans lesleunerblocks aufgeteilt (Abb. 2) und ein
bandes. Notre procédure d’échantillonnag&eil wurde zufallig und ohne Ersatz von
améliore le travail de Calderone de troigedem Block ausgewahlt. In jeder ausge-
facons : (i) elle est moins complexe, (ii) ellewahlten Einheit wurden alle Milben gezéhlt.
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Milben auf Gitterlinien wurden zu der Ein- erhalten. Calderone [1] beschreibt eine ,stra-
heit gezahlt, bei der sie auf der linken odetified sampling technique®, die die parallele
oberen Linie lagen. Sechs Stichproben wurStreifung aber nicht die unregelfige Ver-

den mit 2 Variablen ausgewertet: 1. wurderteilung der Milben innerhalb der Streifen
verschiedene Prozentsatze der Unterlageerucksichtigt. Unsere Stichprobenwahl ver-
(22 %, 33 % oder 44 %) ausgezahlt undpessert die Methode von Calderone auf drei-
2. wurde die Methode der Auswahl von zwekerlei Weise: 1. sie ist einfacher; 2. es mussen
Einheiten angewendet, wobei entweder eifur 33 % der Unterlage ausgezahlt werden
neues oder ein gleiches Paar von zufalligtatt mehr als 50 % und 3. ist sie exakt bei
ausgewahlten Einheiten ausgezahlt wurde@llen Milbendichten und nicht nur fr Dich-
Insgesamt wurden 54 Unterlagen ausgeien von mehr als 500 Milben pro Unterlage.
wertet. Das Bestimmtheitsfdgcoefficient Mit der ,stratified sampling technique*
of determination) zeigte keinen UnterschiedZusammengesetzte Stichproben) von zufal-
zwischen den Schatzungen mit zufallig auslig ausgewahlten 33% der Flacheneinhei-
gewdhlten Einheiten und denen eines neudfn einer Unterlage ist es moglich, die
Satzes von Einheiten Die geschitzte Anza#inzahl der MilberVarroa jacobsongenau
der Milben konnte mindestens 94 % degU schatzen. .

Variation Milbenpopulation erkléren (Tab. I). Diese Technik der Stichprobenwahl ver-
Der gesamte mittlere Fehler ist abhé\ngic\ﬁ/*\‘/'_ndert die Zeit, die man bendtigt um die
von der geschatzten @ der Milbenpo- irkung versch|ede;ner Behandluﬂngsme-
pulation, die auf der Unterlage gezéh”thoden gegen die Milben abzuschétzen.
wurde und war am niedrigsten, wenn 44 (V%
der Unterlage ausgezahlt wurde und es tib
1 000 Milben gab (Tab. II). Der mittlere
prozentuale Fehler ist abhéngig von der
Schéatzung der Milbenzahl auf einer Unter-
lage und war nicht gf&er als 1,6 % und die

usammengesetzte StichprobenVarroa
?zicobsoni/ Milben / klebrige Unterlage
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