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This article presents managed honey bee colony loss rates over winter 2018/19 resulting from using the standardised
COLOSS questionnaire in 35 countries (31 in Europe). In total, 28,629 beekeepers supplying valid loss data wintered
738,233 colonies, and reported 29,912 (4.1%, 95% confidence interval (Cl) 4.0—4.1%) colonies with unsolvable queen
problems, 79,146 (10.7%, 95% CI 10.5-10.9%) dead colonies after winter and 13,895 colonies (1.9%, 95% Cl 1.8-2.0%)
lost through natural disaster. This gave an overall colony winter loss rate of 16.7% (95% Cl 16.4—16.9%), varying greatly
between countries, from 5.8% to 32.0%. We modelled the risk of loss as a dead/empty colony or from unresolvable
queen problems, and found that, overall, larger beekeeping operations with more than 150 colonies experienced signifi-
cantly lower losses (p < 0.001), consistent with earlier studies. Additionally, beekeepers included in this survey who did
not migrate their colonies at least once in 2018 had significantly lower losses than those migrating (p < 0.001). The per-
centage of new queens from 2018 in wintered colonies was also examined as a potential risk factor. The percentage of
colonies going into winter with a new queen was estimated as 55.0% over all countries. Higher percentages of young
queens corresponded to lower overall losses (excluding losses from natural disaster), but also lower losses from unre-
solvable queen problems, and lower losses from winter mortality (p <0.001). Detailed results for each country and
overall are given in a table, and a map shows relative risks of winter loss at regional level.

Keywords: Apis mellifera; mortality; colony winter losses; queens; queen replacement; monitoring surveys; beekeeping;
citizen science

*Corresponding author: E-mail: Robert.Brodschneider@uni-graz.at
**Did data processing and editing, all statistical analysis and produced the map and plots.

© 2020 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/
licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not
altered, transformed, or built upon in any way.


http://crossmark.crossref.org/dialog/?doi=10.1080/00218839.2020.1797272&domain=pdf&date_stamp=2020-08-07
http://orcid.org/0000-0002-6273-0637
http://orcid.org/0000-0002-0369-2968
http://orcid.org/0000-0003-0267-8504
http://orcid.org/0000-0003-3732-4917
http://orcid.org/0000-0001-8715-0578
http://orcid.org/0000-0001-6610-0811
http://orcid.org/0000-0001-8625-2206
http://orcid.org/0000-0002-6936-1766
http://orcid.org/0000-0002-7817-0419
http://orcid.org/0000-0002-6200-1012
http://orcid.org/0000-0002-8642-102X
http://orcid.org/0000-0003-3900-7368
http://orcid.org/0000-0001-8817-0781
http://orcid.org/0000-0002-8496-4100
http://orcid.org/0000-0001-7836-6553
http://orcid.org/0000-0001-6718-2214
http://orcid.org/0000-0001-5761-8627
http://orcid.org/0000-0002-1730-9368
http://orcid.org/0000-0002-9330-565X
http://orcid.org/0000-0003-2903-9390
http://orcid.org/0000-0002-1880-7692
http://orcid.org/0000-0002-0434-9416
http://orcid.org/0000-0003-0906-5911
http://orcid.org/0000-0002-5383-3183
http://orcid.org/0000-0003-2940-0780
http://orcid.org/0000-0002-2535-0280
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1080/00218839.2020.1797272
http://www.tandfonline.com

2 A Grayetal.

The COLOSS monitoring group has been active in
studying honey bee colony losses through national sur-
veys of beekeepers since 2008, and now consists of
over 30 countries regularly taking part in this central
activity of the COLOSS research association. This short
article is the fourth in a series of bulletins presenting
summary results from the annual colony winter loss
survey of the COLOSS monitoring group
(Brodschneider et al., 2016, 2018; Gray et al., 2019).
Each such survey is carried out via a network of
national co-ordinators organising sample selection and
using a self-administered standardised questionnaire
developed by the monitoring group (van der Zee et al.,
2013), which is reviewed and improved each year as it
is felt necessary or desirable. This standardisation ena-
bles comparison of results between countries and also
over time. Here we examine colony loss rates over
winter 2018/19, from the survey carried out in
spring 2019.

In addition to reporting winter loss rates for each
participating country and for the overall data set across
all the participating countries, here we also examine
possible association of the effect of queen age or re-
queening on the probability of winter loss. Earlier
articles examined the effects of operation size, migra-
tion, and of six specific sources of forage
(Brodschneider et al., 2016, 2018; Gray et al, 2019),
both overall for all countries taking part and individually
at country level.

To study winter loss rates, beekeepers were asked
to state the number of colonies wintered, and how
many of these colonies after winter (a) were alive but
had unsolvable queen problems (e.g., a missing queen,
laying workers, or a drone-egg laying queen), (b) were
dead or reduced to a few hundred bees and (c) were
lost through natural disaster (from various possible
causes). The overall proportion of colonies lost was
found by calculating the sum given by (a+ b+ c), which
was then divided by the number of colonies going into
winter. The data files from each country were checked
for consistency of loss data using established checks
reported in Brodschneider et al. (2018). Responses with
insufficient or illogical answers were excluded, but the
number of such responses is, in general, relatively small
and has been declining over the last few years owing to
several factors: greater awareness of these issues on
the part of the national co-ordinators, efforts made to
give clearer guidance to the beekeepers completing the
questionnaire, data checks now built in to the online
survey platform used by a large number of the partici-
pating countries, and more filtering of inconsistent
answers being done at national level before data submis-
sion. Hence the quality of data sent for central process-
ing is improving.

A strength of these studies is in the number of bee-
keepers and colonies represented over many countries,
giving greater power to the statistical analysis. In this

article the results derive from 28,629 beekeepers in 35
countries (compared to 36, 30 and 29 countries in the
previous three surveys in 2018, 2017 and 2016, respect-
ively). A notable addition to the countries providing
data for winter 2018/19 is Iran, from where 1,653 bee-
keepers submitted data on 230,093 colonies. This
expands the limited number of non-European countries
participating in the COLOSS monitoring: the others are
Algeria and Israel, which have participated consistently
over the years, and Mexico, which joined relatively
recently. Some other countries do carry out similar
work independently of this COLOSS monitoring group.

In total, 28,822 responses were received from bee-
keepers, of which 28,629 (99.3%) satisfied checks for
consistency of colony loss data provided, the largest
number yet represented in these surveys. These 28,629
beekeepers collectively managed 738,233 colonies going
into winter, a considerable increase on the 544,879 col-
onies studied in the previous monitoring group survey.
This time, 29,912 (4.1%) colonies were reported lost
due to unsolvable queen problems, 79,146 (10.7%) colo-
nies were reported dead after winter and 13,895 (1.9%)
colonies were reported as lost due to natural disaster
(Table 1), with an overall loss rate of 16.7%. These are
similar to the results from the 2018 survey (4.8% of col-
onies reported lost due to unsolvable queen problems,
10.0% reported dead after winter and 1.5% reported as
lost due to natural disaster) which found an overall loss
rate of 16.4%. For the present study, considering the
European countries only, and also the countries belong-
ing to the European Union (EU countries, including the
UK, which was a member state over winter 2018/
2019), respectively, the results were as follows: 26,690
and 23,618 beekeepers had valid loss data, wintering
466,839 and 381,813 colonies, 3.8% in each case were
reported as lost due to queen problems, 9.8% in each
case were reported dead/empty after winter, and 0.94%
and 0.90% for the European and EU countries, respect-
ively were reported lost due to natural disaster, giving
overall loss rates of 14.5% in each case, a little lower
than for the overall data set. The rates of loss resulting
from queen problems and natural disasters are consist-
ent with those in the previous years of study (Gray
et al, 2019).

The overall loss rates for winter 2018/19 vary con-
siderably between countries, as we have found in all of
our studies so far (Table I, Figure 1(a)). The highest
loss rate of 32.0% was in Slovenia, and (as for the previ-
ous winter; Gray et al,, 2019) the lowest loss rate was
in Bulgaria, at 5.8%. Slovenia also had one of the highest
loss rates in winter 2017/18. The next highest loss rate
for winter 2018/19 was for Serbia, at 25.4%, while the
highest ones after that, between 20% and 25%, were for
Spain, Croatia, Iran, Greece and Portugal, in descending
size of loss rate. In contrast, Serbia had one of the low-
est loss rates (7.4%) the previous winter. A relatively
high rate of loss (22.1%) over winter 2018/19 was
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. $2s & - observed in Iran in this first year of its monitoring sur-
2 8 * S38 £ 9 vey. Over the previous winter of 2017/18, several more
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loss rates (e.g., Brodschneider et al., 2016, 2018; Gray
et al., 2019; see also below).

The effects of several potential risk factors for win-
ter losses were considered individually, by fitting uni-
variate quasi-binomial generalised linear models (van der
Zee et al, 2013). Firstly, on the overall data set we
examined the effects of operation size and migration of
colonies. In this analysis we did not consider winter
losses due to natural disasters, so we modelled the risk
of loss arising from a dead/empty colony or from an
unresolvable queen problem. For operation size, in
which we compared operations with up to 50 colonies,
51-150 colonies and over 150 colonies, we found once
more a highly significant effect (p <0.001), indicating a
lower loss rate for beekeeping operations with over
I50 colonies. However, the size of this effect was rela-
tively small (loss rates in each group were 15.1%, 15.6%
and 14.0%, respectively for smaller to larger numbers of
colonies). The effect of migration was also highly signifi-
cant (p < 0.001), with loss rates of 15.1% and 14.2% for
those responding “Yes” and “No,” respectively (and
9.4% for the “Don’t know’s, a relatively small group).
The differences between the categories were all signifi-
cant, so we conclude that the “No” category has lower
losses than the “Yes” group. While the results for oper-
ation size are consistent with those in Brodschneider
et al. (2016, 2018) and Gray et al. (2019), the results
for migration do vary from year to year and also
between countries. For example, in Gray et al. (2019)
those who did migrate their colonies at least once in
the season had lower losses overall than those not
migrating. This may suggest that the effect of operation
size is related to management, while the effect of migra-
tion depends on seasonal or local environmen-
tal factors.

Additionally, we examine the effect of new queens
on colony winter losses. Among other factors, queen
vitality has been shown to be closely related to colony
health or failure (Akyol et al, 2008; vanEngelsdorp
et al., 2013; Giacobino et al, 2016). One of the bio-
logical influences is likely to be the age of queen bees
going into winter. The percentage of young queens in
wintered colonies was found by van der Zee et al.
(2014) to be significantly linked to winter loss, as was

the extent of queen problems in summer. To examine
the effect of queen age, to some extent at least, we
consider the percentage of colonies going into winter
with a new queen (queens bred in the year before win-
ter, 2018 in this investigation). Beekeepers were asked
“How many of the wintered colonies had a new queen
in 20182, and the percentage of colonies with new
queens going into winter was then calculated for each
beekeeping operation. The results were filtered to
remove “Don’t know” responses and any in which the
stated number of new queens was higher than the
stated number of colonies going into winter.

Of 28,629 beekeeper responses with valid loss data,
26,483 (92.5%) also had valid data relating to new
queens, representing 687,502 colonies wintered. Of
these 687,502 colonies going into winter, 377,998
(55.0%) had a new queen. The percentage of new
queens was similar for the countries geographically in
Europe (56.3%) and for the EU countries (56.0%).
These figures reflect the new queens introduced by hive
management, although the actual numbers of new
queens could be higher as a result of supersedure
unrecognised by beekeepers.

For the overall data set, the actual percentage of
new queens was used as a covariate in the model to
explain the risk of colony loss at operation level, and as
the effect of new queens on the risk of colony loss may
not be linear, additionally percentage of new queens
was categorised into four classes, namely 0-25% inclu-
sive, above 25% and up to 50% inclusive, above 50%
and up to 75% inclusive and above 75%, labelled as cate-
gories |, 2, 3 and 4, respectively. This categorical vari-
able was used as a factor in the fitted model for the
risk of colony loss. The effect of the latter factor was
also considered for each country, in models to explain
the risk of colony loss due to dead or empty colonies,
and loss due to irresolvable queen problems, and also
for both sources of colony loss.

The percentage of new queens varied per operation
from 0 to 100%, with a median of 57.1%, and, of the
four categories of percentage of young queens, category
4 (above 75%) was most common (8642 beekeepers),
followed by category 2 (7962 beekeepers), category 3
(5494 beekeepers) and category | (up to 25%) was least

&
|

Figure I. (a) Map with traffic-light colour coding showing relative risk of overwinter colony loss at regional level for participat-
ing countries.

Notes: Regions with a relative risk of loss (loss rate divided by the loss rate over all regions) that is significantly higher/lower than 1 are
shown in red/green, respectively. Regions with a relative risk not significantly different from 1 are shown in yellow. Where no data were
available or data were available from fewer than 6 beekeepers in a region within a participating country, this was treated as insufficient
for reliable calculation and the region is shown in grey. Countries not present in the study are indicated in white (blank areas in the map).
Information on region was not available for Poland, nor Malta (a small country), which were coloured at country level, as was Bulgaria (as
numerous regions were represented but none with more than 5 beekeepers). Island groups/regions are also coloured as one region pro-
vided at least 6 responses were available.

(b) Barplots of results for percentage of young queens: distribution of beekeepers across each category of response (top-left), loss rates
and 95% confidence intervals for each category of response for total losses excluding natural disasters (top-right), losses from queen prob-
lems (bottom-left) and losses from dead/empty colonies (mortality rate; bottom-right). Non-overlapping confidence intervals indicate cate-
gories that have significantly different loss rates.



common (4385 beekeepers); see also Figure 1(b),
top-left.

Overall, the risk of colony winter loss decreases as
percentage of new queens increases (p <0.00l). For
example, estimates (and 95% confidence intervals) for
the loss rate for operations with percentages of new
queens of 0%, 57.1% (the median value) and 100% are
16.9% (16.4-17.4%), 14.6% (14.4-14.8%) and 13.1%
(12.7-13.4%), respectively, and these are all significantly
different. Using percentage of new queens as a four-cat-
egory factor, the effect of the factor on risk of winter
loss was also highly significant (p <0.001), with esti-
mated loss rates of 17.8% (17.2—18.3%) for category I,
14.9% (14.5-15.3%) for category 2, 13.4% (12.9—13.8%)
for category 3 and 13.8% (13.4-14.2%) for category 4.
The conclusion is that the loss rate is significantly lower
for more than 50% new queens than for above 25% and
up to 50% new queens, which in turn is significantly bet-
ter than for up to 25% new queens (Figure I(b), top-
right). The size of the effect of percentage of new
queens on the risk of winter loss is larger than for
operation size (see above).

Considering losses due to queen problems only
(Figure 1(b), lower-left), again differences in loss rates
are highly significant (p <0.001), with estimated loss
rates of 4.6% (4.3-48%), 4.3% (4.1-4.5%), 4.0%
(3.84.2%) and 3.5% (3.3-3.7%), respectively for catego-
ries I, 2, 3 and 4 of percentage of new queens. We
conclude that for queen problem losses, losses are low-
est with more than 75% new queens, and losses are
lower with above 50% and up to 75% new queens than
with 25% or fewer new queens. The effects are small
but statistically significant. For losses from dead or
empty colonies, differences in loss rates are also highly
significant (p < 0.001), with estimated loss rates of
13.2%  (12.7-13.7%), 10.6% (10.2-10.9%), 9.3%
(9.0-9.7%) and 10.3% (9.9—10.7%) for categories I, 2, 3
and 4 of new queens, respectively. We conclude that
for winter mortality, losses are significantly lower with
above 25% new queens. Figure |(b) shows these results
graphically.

Results per country are shown in Table |. While the
findings are not uniform across all countries, in many
countries we tend to observe that the estimated loss
rate or probability of loss decreases for apiaries with a
higher percentage of new queens. However, the differ-
ences in the loss rates between the four categories or
classes were not always statistically significant. This is
likely, in some cases at least, to be due to a limited
number of beekeepers in one or more of these classes
representing the percentage of new queens in wintered
colonies. Where significant results were found, in all
three cases (for losses from dead/empty colonies, for
losses from queen problems, and for total losses from
these causes), lower loss rates mostly correspond to a
higher percentage of new queens.
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It should be noted that proportions of wintered col-
onies with a new queen are not strictly comparable
between all beekeepers, as beekeeping operations vary
considerably in size. However, overall, across many bee-
keeping operations of varying size we have found that
operations with higher percentages of young queens
experienced significantly lower loss rates during the
winter of 2018/19. The effect is widely observed, for
overall winter losses excluding natural disasters, and
separately for queen problem losses and for losses from
dead/empty colonies. Due to our methodology, it is not
possible to say whether the lost colonies are the ones
that had the older queens, however our findings suggest
that replacing the queen in more than 50% of a bee-
keeper’s colonies is best. Young queens may be better
in colony build-up, due to greater fertility or better
health status, often being less likely to contract diseases,
and in general producing more healthy bees. Young
queens often originate from colony splitting hive man-
agement practices or regular queen replacement prac-
tice, which may both be an indication of good hive
management in general. The finding is in accordance
with previous studies, although these did not differenti-
ate between losses related to queen problems and dead
colonies (Genersch et al., 2010; van der Zee et al,
2014). The annual replacement of old queens therefore
is a practical recommendation for beekeepers to help
improve their colony winter loss rate. Replacing at least
half of a beekeeper’s queens each year can be justified
from our results. However, this could incur consider-
able cost in larger-scale beekeeping. The biological
mechanisms behind the better survival of colonies with
new queens also require scientific study in order to be
better understood.

Concerning colony losses, the accuracy of the esti-
mated loss rates depends on the accuracy and repre-
sentativeness of the data reported by the beekeepers.
There are competing influences at work in this regard.
Some beekeepers will be more motivated to participate
if they feel that their own losses are high or in a season
when losses generally are thought to be high, and less
interested in participation in other years. Some other
beekeepers are motivated when they can report scarce
losses and tend to hide higher losses. In some other
cases beekeepers experiencing high losses may be con-
cerned that, if they report their true level of losses,
they will be identified, even if they are responding
anonymously, and may fear that their colonies will be
subject to unwanted investigation by extension workers
or official bee inspectors. This may be true even when,
for reporting purposes, losses for all beekeepers in a
region or country are aggregated. In practice we hope
that these competing effects balance out. It should be
recognised that in this uniquely large long-term inter-
national study of colony losses any biases are likely to
persist over time, as the methodology used each year is
the same. It is therefore important, in order to achieve
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unbiased results, to continue to work towards a high
and representative response from beekeepers in every
country conducting this colony loss monitoring.
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