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BACKGROUND

Yarroa monitoring is an essential part of IPM strategy. Sugar shaking is a valuable monitoring method and a
comprehensive assessment has been carried out by Lee et al. (2010). Nevertheless some issues are frequently raised
by beekepers. Our aim was to answer to three of these questions: (1) repeatability: taking samples from different
brood frames the result is almost never exactly the same; (2) recovery rate: not every single mite is dislodged by
sugar and recovered to be counted, Macedo et al. (2002) observed a huge recovery rate (>90%), while according to
Randy Oliver (scientificbeekeeping.com) recovery rate should be <75%; (3) bee sample precision: 100 ml do
correspond to 300 bees?

MATERIALS & METHODS
Repeatability

Repeatability of varroa counts on adult bees between brood frames depends on variation in mite density between
frames. Thus an aggregated distribution is less repeatable than a random or even a segregated distribution. In order
to estimate aggregation we adopted the mean-variance ratio (Taylor power law - Taylor, 1961) approach.
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S =a+m
where s2 is variance, m is mean, intercept a is scaled by choice of sample unit, whereas coefficient b is a measure of
aggregation. A value of b=1 would indicate a random distribution among samples, while b<7 would indicates that they
were more uniform / segregated, while b>1 would indicate they were more aggregated.
We sampled 100 ml adult bees from 3 individual brood frames per colony (Dadant hives) and counted the mites
recovered by the means of sugar shake method. For each colony mean and variance of the three mite counts were
calculated.
In order to estimate the parameters of Taylor's variance-mean relation, least square regression model was fit in R (R
Development Core Team, 2013) upon logarithmic transformation.

logls')=log|a)+bxloglm)

Recovery rate

We counted mites from adult bees by means of sugar shake method (Lee, Reuter, and Spivak 2010).

Then we washed three times the same bees in the vials with alcohol and soapy water (fig. 1) according to the OIE
standard method (OIE 2012).

We calculated recovery rate as the ratio between mites recovered by means of sugar shake and total recovered
mites.

Bee sample precision
Dead bees from samples washed with alcohol were counted in order to evaluate the precision of the 100 ml cup for
measuring 300 bees.

Figure 1: alcohl washing of bees already shaked with icing sugar to calculalculate mite recovery rate

RESULTS & DISCUSSION

Repeatability

We collected 100ml adult bee samples from three individual brood frames from 369 colonies. For each
triple sample we obtained mean and variance of mite counts. Overall mean was 4.1 mites and overall
standard deviation 7.8.

Regression analysis estimated a b parameter as 0.9995, with standard error 0.0236. Such results
confirmed results obtained by Lee et al. (2010), which calculated b=1.01, with standard error 0.02.

Coefficients:

Estimate Std. Error t value Pr(>|t]|)
(Intercept) -0.11380 0.07225 -1.575  0.116
Logmean 0.99952 0.02358 42.386 <Ze-16™

This result indicated mites were distributed approximately at random among bees on brood frames. This
characteristic imply that it is possible to use the Poisson distribution to calculate confidence interval of
sample estimates. Further consequence deriving from Poisson distribution is that at low infestation levels
the relative error (standard deviation / mean ratio) of the estimate is very high.

Recovery rate

We recovered mites by sugar shaking and again via alcohol whashing from 59 bee samples. Mean recovery
rate was 94%, standard deviation 7.8 (fig. 2). Such result is similar to the findings of Macedo, Wu, and
Ellis (2002), which recovered 92.9% (sd 5.5).
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Fig 2: recovery rate from different colonies.

Bee sample precision
We counted dead bees from 32 samples. Mean bee number was 313, standard deviation 43 (fig. 3).
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Fig 3: number of bees in 100 ml vials

CONCLUSIONS

Our results confirm, in Dadant beehives and in Europe, published results about varroa distribution in
adult bees on the brood frames (Lee et al. 2010) and about mite recovery rate by means of sugar
shaking method (Macedo, Wu, and Ellis 2002). Bee sample accuracy introduces a small bias; although
we do not have a statistical evidence of a correlation, we empirically observed that the most infested
colonies had smaller bees and bee samples were thus more numerous.

The accuracy of a monitoring method carried out only on adult bees is still and issue at which the
experimental design of Lee et al. (2010), with sampling spotting some limited period, do not provide
an answer. It remains unclear the constancy of ratio between mites in phoretic stage and mites in
reproductive stage. As a further development we plan to monitor the infestation trend during the
summer at 6 day cadence. In this way it should be possible to understand if there is constancy in the
infestation growth or there are “waves” which could hamper the use of sugar shake as part of an [PM
strategy.
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