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ABSTRACT
This article presents managed honey bee colony loss rates over winter 2019/20 resulting
from using the standardised COLOSS questionnaire in 37 countries. Six countries were from
outside Europe, including, for the first time in this series of articles, New Zealand. The 30,491
beekeepers outside New Zealand reported 4.5% of colonies with unsolvable queen prob-
lems, 11.1% of colonies dead after winter and 2.6% lost through natural disaster. This gave
an overall colony winter loss rate of 18.1%, higher than in the previous year. The winter loss
rates varied greatly between countries, from 7.4% to 36.5%. 3216 beekeepers from New
Zealand managing 297,345 colonies reported 10.5% losses for their 2019 winter (six months
earlier than for other, Northern Hemisphere, countries). We modelled the risk of loss as a
dead/empty colony or from unresolvable queen problems, for all countries except New
Zealand. Overall, larger beekeeping operations with more than 50 colonies experienced sig-
nificantly lower losses (p< 0.001). Migration was also highly significant (p< 0.001), with
lower loss rates for operations migrating their colonies in the previous season. A higher pro-
portion of new queens reduced the risk of colony winter loss (p< 0.001), suggesting that
more queen replacement is better. All three factors, operation size, migration and proportion
of young queens, were also included in a multivariable main effects quasi-binomial GLM and
all three remained highly significant (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 the regional level.
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This article presents results on managed honey bee
colony winter loss rates in 37 countries for winter
2019/2020, updating a recent series of such reports
from national surveys of beekeepers in the countries
participating in the ongoing COLOSS core project on
“monitoring honey bee colony losses” (Brodschneider
et al., 2022). Each country taking part organises its
own means of contacting beekeepers but uses a
standardised questionnaire (van der Zee et al., 2013),
to give comparability of results. Observational data are
collected at the beekeeping operation level, not col-
ony or apiary level, in an annual spring survey covering
the immediately preceding winter. The previous short
reports are available in Brodschneider et al. (2016,
2018) and Gray et al. (2019, 2020). Over time, the num-
ber of participating countries represented in these sur-
veys has gradually increased to its present level; for
example, 29 countries took part in the survey in 2016
(Brodschneider et al., 2016). New countries are peer-
mentored in survey organisation, data collection and
coding of collected data, especially where conditions
for conducting a survey are challenging, and ongoing
efforts are made to expand the network as well as to
encourage increased and representative data collec-
tion in countries already participating.

While there was some anticipation of beekeeper
responses or opportunities to contact beekeepers
being adversely affected by limitations on beekeep-
ers and beekeeper activities caused by Covid-19
restrictions in the spring of 2020, the response rates
held up relatively well. Croatia, which has reliably
participated in monitoring over many years, found
that the lack of beekeeper meetings made data col-
lection sufficiently difficult that they were unable to
take part this time. Difficulties were also experienced
in Malta, which could only return a few responses.
However, many countries are now mostly or only
using an online survey, this methodology proved to
be more robust to social limitations, and in general
sample sizes compared well to those of the 2019
survey. For the countries participating in the survey
in spring 2019, the percentage change in their
response between that survey and the spring 2020
survey ranged from �100% (for Croatia) to þ225%
(for France, which more than tripled its response,
from 317 valid responses to 1029), with an average
change of þ26% and a typical (median) change of
about þ6%, a moderate increase. Three new coun-
tries also joined. Romania took part for the first time
in the spring 2020 survey, and after an absence of
several years, Egypt joined Algeria, Iran, Israel, and
Mexico as participating countries outside of Europe.
Additionally, for the first time in our international
study, winter loss rates are reported here for New
Zealand (Brown et al. (2018) give details of the New
Zealand survey).

As is standard in these studies, careful data qual-
ity checks are carried out on colony loss data
returned by each participating country for central
processing (Brodschneider et al., 2018). Each bee-
keeper is asked to state the number of colonies
going into winter, how many of these colonies (a)
were alive after winter but had unsolvable queen
problems (e.g., a missing queen, laying workers, or a
drone-egg laying queen), (b) were dead after winter
or were reduced to just a few hundred bees (an
empty hive), and (c) were lost over winter to natural
disaster (flooding, fire, etc., the various possible
causes depending on country conditions). The over-
all proportion of colonies lost is found as the sum
given by (aþ bþ c), divided by the number of colo-
nies going into winter. Responses failing the data
checks are excluded, however, this rate of response
exclusion is now very low. For the data returned in
the survey of 2020 from 33,821 beekeepers, just
0.3% of responses were discarded as inconsistent or
otherwise unsuitable for loss calculations. The
remaining 99.7% of results reported here represent
33,707 beekeepers, who managed 1,134,426 colonies
in total before winter. This continues the trend of
increased numbers of beekeepers and colonies
observed in these surveys, as well as increasing num-
bers of countries. For comparison, in the 2019 survey
28,629 beekeepers supplied useable colony loss data
on 738,233 colonies going into winter, from two
fewer countries.

Table 1 shows winter loss rates for each country
and over all countries. These calculations and other
results shown were obtained using the R software (R
Core Team, 2019; van der Zee et al., 2013). As a
Southern-Hemisphere country, New Zealand’s winter
is six months ahead or behind those of the other
countries here. We report results for winter in New
Zealand in 2019, surveyed in August-October 2019
rather than in spring 2020 as for the other countries.
As the timing of winter is different, the results for
New Zealand are not included in the overall loss
rates and modelling of risk factors given here but
kept separate.

The 3,216 beekeepers from New Zealand, manag-
ing 297,345 colonies before winter reported 21,124
(7.1%; 95% CI 6.8%-7.4%) colonies as dead/empty
after winter, 9,408 (3.2%; 95% CI 3.0%-3.3%) colonies
lost due to unresolvable queen problems and 545
(0.18%; 95% CI 0.15%-0.23%) colonies lost due to
natural disaster, giving an overall loss rate of 10.5%
(95% CI 10.1%-10.8%).

For the 30,491 beekeepers in all other countries
combined, managing 837,081 colonies, 92,910
(11.1%; 95% CI 10.9%-11.3%) colonies were reported
dead/empty after winter, 37,308 (4.5%; 95% CI 4.4%-
4.6%) colonies were reported as lost due to queen

2 A. GRAY ET AL.



problems and 21,459 (2.6%; 95% CI 2.5%-2.7%) colo-
nies were reported lost due to natural disaster, with
an overall loss rate from all causes of 18.1% (95% CI
17.9%-18.3%). These rates of loss are similar to those
from the 2019 survey (10.7%, 4.1% and 1.9%

respectively), though the overall loss rate of 18.1% in
the current study is a little higher than the 16.7%
loss rate from winter 2018/2019 (Gray et al., 2020), a
statistically significant difference. The corresponding
figures from winter 2017/2018 are 10.0%, 4.8% and

Table 1. Winter 2019/20 survey results, showing number of respondents with valid loss data, corresponding number of colo-
nies going into winter, honey bee colony mortality rate and rates of loss due to queen problems and natural disasters (each
with 95% confidence intervals (CIs)).

Country
No. of

respondents

No. of colonies
going

into winter
% Mortality
Rate (95% CI)

% Rate of loss
of colonies due

to queen
problems
(95% CI)

% Rate of loss
of colonies due

to natural
disasters
(95% CI)

Overall winter
loss rate
(95% CI)

Estimated % of
beekeepers
represented

EU countries
Austria 1539 30,724 8.3 (7.6-9.0) 4.3 (4.1-4.6) 0.6 (0.4-0.8) 13.2 (12.5-14.0) 5
Belgium 564 4607 12.4 (10.7-14.2) 4.5 (3.9-5.2) 0.6 (0.4-1.0) 17.5 (15.7-19.4) 7
Bulgariaa,b 49 6682 5.8 (3.7-8.8) 3.4 (1.2-9.6) 2.0 (0.4-9.3) 11.3 (6.9-17.8) <1
Czech Republic 1729 26,893 17.4 (16.3-18.6) 2.7 (2.4-3.0) 0.6 (0.5-0.8) 20.8 (19.6-22.0) 3
Denmark 1087 11,419 17.2 (15.7-18.7) 4.5 (4.0-5.1) 0.6 (0.4-0.8) 22.3 (20.8-23.8) 17
Englandc 1262 6379 9.0 (8.1-10.0) 6.5 (5.9-7.2) 1.2 (0.9-1.7) 16.8 (15.6-18.0) 4
Estonia 177 6740 6.1 (4.7-8.0) 5.3 (3.7-7.4) 1.5 (1.0-2.3) 12.9 (10.6-15.6) 3
Finland 215 8995 8.6 (7.1-10.3) 4.7 (4.1-5.4) 2.5 (1.6-3.9) 15.8 (14.0-17.7) 7
Francea 1029 39,507 8.8 (8.0-9.6) 4.4 (4.1-4.7) 0.5 (0.3-0.7) 13.7 (12.8-14.5) 2
Germany 10,586 123,368 14.9 (14.5-15.2) 3.0 (2.9-3.1) 0.6 (0.5-0.6) 18.4 (18.0-18.8) 8
Greece 166 19,471 7.1 (5.6-9.0) 5.6 (4.7-6.7) 1.3 (0.7-2.6) 14.1 (11.9-16.5) 2
Ireland 375 3506 10.3 (8.8-12.0) 7.1 (6.2-8.1) 0.7 (0.4-1.0) 18.0 (16.3-19.9) 9
Italya 352 7869 10.7 (9.3-12.3) 6.8 (5.6-8.2) 0.9 (0.6-1.5) 18.4 (16.4-20.6) <1
Latvia 364 12,210 9.2 (7.8-10.8) 4.1 (3.4-5.0) 1.0 (0.7-1.3) 14.3 (12.7-16.0) 8
Malta 24 764 7.2 (3.9-12.8) 3.5 (2.0-6.1) 0.3 (0.0-92.4) 11.0 (6.9-17.0) 8
Netherlands 1857 14,169 8.6 (7.9-9.4) 6.5 (5.8-7.2) 0.6 (0.5-0.8) 15.6 (14.7-16.6) 17
Northern

Irelandc
117 593 8.6 (6.4-11.4) 9.8 (7.7-12.3) 0.8 (0.3-2.8) 19.2 (16.0-22.9) 8

Poland 426 16,281 9.6 (8.0-11.3) 3.9 (3.3-4.6) 0.4 (0.2-1.1) 13.9 (12.2-15.8) <1
Portugala 125 11,691 11.7 (9.8-13.9) 6.5 (5.5-7.7) 4.3 (3.3-5.5) 22.5 (19.9-25.3) 1
Romaniaa 121 8298 9.1 (6.6-12.2) 5.8 (4.3-7.7) 0.2 (0.1-0.5) 15.0 (11.9-18.8) <1
Scotlandc 289 1384 10.8 (8.9-13.1) 7.9 (6.5-9.5) 0.9 (0.4-1.9) 19.6 (17.1-22.4) 13
Slovakia 539 9775 15.2 (13.1-17.6) 3.2 (2.6-3.9) 0.5 (0.3-0.9) 18.9 (16.7-21.4) 3
Slovenia 105 3107 7.2 (5.3-9.7) 21.7 (15.3-29.8) 0 NA 28.9 (22.3-36.6) 1
Spaina 152 19,589 25.3 (22.3-28.6) 9.7 (7.8-12.0) 1.5 (0.9-2.4) 36.5 (33.2-40.0) <1
Sweden 1646 14,421 8.0 (7.3-8.8) 3.4 (3.0-3.9) 1.7 (1.4-2.1) 13.1 (12.3-14.1) 10
Walesc 90 523 10.3 (7.3-14.4) 6.9 (5.0-9.4) 4.2 (2.4-7.3) 21.4 (17.3-26.2) 5
Over all

EU countriesc
24,985 408,965 12.3 (12.1-12.6) 4.5 (4.4-4.6) 0.89 (0.83-0.94) 17.7 (17.5-18.0) 4

European (Non-EU) countries
North

Macedonia
208 11,422 6.8 (5.8-7.9) 5.9 (5.0-6.9) 2.0 (1.3-3.0) 14.7 (12.9-16.7) NA

Norway 765 11,990 2.9 (2.4-3.5) 3.8 (3.4-4.2) 0.7 (0.4-1.0) 7.4 (6.7-8.1) 17
Serbia 125 10,932 9.8 (7.0-13.5) 2.3 (1.9-2.9) 0.9 (0.4-1.7) 13.0 (10.1-16.6) 1
Switzerland 1665 21,934 7.1 (6.4-7.8) 5.7 (5.3-6.1) 0.4 (0.3-0.6) 13.2 (12.4-14.0) 10
Ukraine 702 42,518 5.4 (4.7-6.2) 2.2 (2.0-2.5) 1.7 (1.4-2.0) 9.3 (8.4-10.3) <1
Over all

European
countries

28,450 507,761 11.1 (10.9-11.3) 4.3 (4.2-4.4) 0.95 (0.90-1.0) 16.4 (16.2-16.6) NA

Non-European countries
Algeriaa 197 16,412 5.5 (4.3-6.8) 4.0 (3.4-4.7) 2.8 (2.0-3.8) 12.2 (10.7-13.9) <1
Egypta 106 37,609 10.6 (9.1-12.2) 10.7 (9.1-12.4) 3.1 (2.4-3.9) 24.3 (21.6-27.1) <1
Iran 1571 233,166 12.5 (11.5-13.4) 3.2 (2.8-3.6) 5.9 (5.3-6.6) 21.5 (20.5-22.6) 2
Israelb 43 25,279 2.3 (1.4-3.7) 5.2 (4.4-6.1) 1.3 (0.9-2.0) 8.8 (7.3-10.6) 9
Mexicoa 124 16,854 11.4 (9.8-13.3) 11.5 (9.8-13.4) 5.5 (4.2-7.2) 28.4 (25.5-31.6) <1
New Zealand 3216 297,345 7.1 (6.8-7.4) 3.2 (3.0-3.3) 0.2 (0.1-0.2) 10.5 (10.1-10.8) 34
Over all

participating
countries
excl.
New Zealand

30,491 837,081 11.1 (10.9-11.3) 4.5 (4.4-4.6) 2.6 (2.5-2.7) 18.1 (17.9-18.3) NA

Over all
participating
countries

33,707 1,134,426 NA NA NA NA NA

The mortality rate and loss rates respectively were calculated as a percentage of colonies wintered which died or were lost due to unresolvable
queen problems or to natural disaster. Percentage of beekeepers represented was expressed as the percentage of usable responses per estimated
number of beekeepers in each country. Calculation of CIs used the quasi-binomial generalised linear modelling (GLM) approach in van der Zee
et al. (2013).
aLimited geographical coverage of respondents providing data (see Figure 1); in some cases there is wider geographical coverage but the responses
are mostly from a limited number of regions within the country;
bMostly professional beekeepers;
cThe UK left the EU at the end of January 2020, well through winter 2019/2020. For the purposes of the results here, the UK is included in the EU.
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1.5% respectively, and an overall loss rate of 16.4%
(Gray et al., 2019). Again, the loss rates for winter
2019/2020 are a little higher.

Comparing results for the countries in the
Northern Hemisphere and for New Zealand, the loss
rates are clearly higher in the former and in particu-
lar, there were more losses arising from natural dis-
asters. The definition of what is a natural disaster is
open to interpretation, however, and sources of such
threats to honey bees do vary between countries. A
proper comparison of the Northern and Southern
Hemispheres would require the participation of
more countries from the South.

For the European countries only, and also the
countries belonging to the European Union (“EU
countries”, including the UK, which was a member
state over most of winter 2019/2020), respectively,
the results were: 28,450 and 24,985 beekeepers had
valid loss data, wintering 507,761 and 408,965 colo-
nies; the rates of reported loss from dead/empty col-
onies were 11.1% and 12.3%; the rates of loss due to
queen problems were 4.3% and 4.5%; and the rates
of reported loss from natural disasters were 0.95%
and 0.89%, giving overall loss rates of 16.4% for the
European countries and 17.7% for the EU countries.
The losses due to queen problems were a little
higher than in the previous winter (3.8% in each
case) as was the overall rate of loss (which was pre-
viously 14.5% in each case). Compared to all coun-
tries except New Zealand, these European and EU
results are similar but the loss rate from natural

disasters is higher in the larger dataset, indicating
that these losses are more common in countries out-
side of Europe.

As usual in these COLOSS studies, the overall loss
rates for winter 2019/20 are seen to vary consider-
ably between countries (Table 1, Figure 1). Spain
had by far the highest loss rate, of 36.5%, with the
next highest at 28.9% for Slovenia, then Mexico at
28.4%. The other 34 countries had loss rates below
25%. Egypt, which re-joined monitoring, had the
next highest loss rate, at 24.3%. Portugal’s loss rate
was fifth highest at 22.5%, and like Spain and
Slovenia, Portugal has been observed previously to
have high winter losses (Gray et al., 2020). The low-
est loss rates in this year, below 10%, were for
Norway (7.4%), Israel (8.8%) and Ukraine (9.3%). New
Zealand’s loss rate of 10.5% was the next lowest. In
the previous two surveys, Bulgaria had the lowest
loss rate, and in this case, it was also relatively low
at 11.3%. Romania, a new country to monitoring,
had a loss rate of 15.0%, ranked in the middle.
Relative positions and loss rates can change quite
markedly from year to year; for example, Wales had
a high loss rate of 21.4% this time compared to
9.8% the previous year, and Finland’s loss rate was
15.8% compared to 6.3% the previous year, whereas
others are fairly consistent. This is not surprising as
climatic fluctuation may play an important role in
the winter survival of honey bee colonies (Becsi
et al., 2021). The acceptability of the higher rates of
colony loss merits investigation, as do the economic

Figure 1. 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 excluding New Zealand) 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). Island groups/regions
are also coloured as one region provided at least 6 responses were available.
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costs of colony losses, including loss of (income
from) anticipated hive products and the costs of
replacing lost colonies.

Rates of loss from natural disasters ranged from
none in Slovenia to more than 5% in Iran (5.9%) and
Mexico (5.5%), while Portugal was next at 4.3%. The
range of rates is similar to the previous year (0%-
5.7%). Portugal had the highest rate both that year
(winter 2018/2019) and the year previously, and Iran
was the second highest in winter 2018/2019. A con-
sistent pattern may be emerging for these countries.
As we have previously found (Gray et al., 2020),
almost all of these rates are less than about 3% and
many below 1%. For most countries, loss due to nat-
ural disaster is a small contributor to the overall
loss rate.

Mortality rates, i.e., rates of losses from dead or
empty colonies, varied from less than 5% for Israel
(2.3%) and Norway (2.9%) to 25.3% for Spain, fol-
lowed by the Czech Republic at 17.4%, Denmark at
17.2% and Slovakia at 15.2%, while all others were
above 5% and below 15%. New Zealand’s loss rate
from dead colonies was relatively low at 7.1%. These
loss rates are more variable between countries than
the loss rates from natural disaster or queen prob-
lems. To some extent, they do depend on the nature
of beekeeping in the country providing the results
reported here. For example, Israel also had the low-
est mortality rate for winter 2018/2019 (2.1%) and
the beekeeper respondents are largely professional.
Colony failures due to pests and pathogens also fall
in this category. The epidemiology of those may
explain some of the variations among countries.

The final type of loss considered here is losses
due to irresolvable queen problems. These rates of
loss also varied considerably. The lowest such loss
rates were 2.2% in Ukraine, 2.3% in Serbia and 2.7%
in the Czech Republic, compared to more than 10%
in Slovenia (a very high 21.7%), Mexico (11.5%) and
Egypt (10.7%). Slovenia also had the highest loss
rate from queen problems for winter 2018/2019
(18.1%). The reasons for such high queen problem
losses require investigation, to find out if there are
biological causes or bias in the translation of the sur-
vey. In the present study, this type of loss accounts
for most of the losses in Slovenia, unlike Spain for
which most of its very high overall loss rate derives
from colonies that died.

The size of the collected dataset, representing
many thousands of beekeepers, allows very sensitive
statistical testing of the overall effects of various fac-
tors that may be associated with the risk of winter
loss. Any statistical test has associated risks of error,
i.e., failing to detect a genuine effect or wrongly
leading to a statistically significant result that is actu-
ally spurious. By repeating the same tests on

datasets collected in different years, for each year
separately, effects found to be significant can
become more convincing as evidence builds up. In
this series of short papers on winter losses we have
so far tested several potential risk factors: beekeep-
ing operation size and migration of colonies
(Brodschneider et al., 2016, 2018), effects of various
forage sources (Gray et al., 2019), and most recently
the effect of the proportion of colonies going into
winter with young queens (Gray et al., 2020). The
effects of forage sources were found to vary depend-
ing on the country and were best examined at the
country level. However repeating tests of the other
factors on the whole dataset, i.e., for all countries
combined, is worthwhile. This is done for each factor
individually by fitting univariate quasi-binomial gen-
eralised linear models (GLMs) as recommended in
van der Zee et al. (2013) as a suitable approach for
colony loss data, owing to the degree of variation in
the data being greater than is consistent with a
binomial model.

As in the previous year, in this model fitting, we
excluded losses from natural disasters, which are
largely beyond the control of the beekeeper, so as
to examine the effect of each factor of interest on
the risk of loss experienced as a dead or empty col-
ony or one lost because of an unresolvable queen
problem after winter. We also excluded New Zealand
from the model fitting because of the difference in
the timing of winter there as well as the lack of data
on some of the factors investigated.

As previously, we categorise operation size as up
to 50 colonies, 51-150 colonies and over 150 colo-
nies. By far, the majority of beekeepers in this survey
are in the first of these categories; 90.2%, 6.6% and
3.2% of the 30,491 beekeepers were in each of the
three categories, managing 296,763 colonies,
177,501 colonies and 362,817 colonies respectively.
Operation size was a highly significant effect
(p< 0.001), indicating a significantly lower loss rate
for beekeeping operations with over 50 colonies.
The loss rates in each group were 16.6%, 14.6% and
15.2% for the smallest to largest-size operations.
These results are broadly consistent with the findings
of our previous surveys, and it is clear overall that
smaller operations have higher losses, a finding
which is likely to be due to different management
practices in the different groups.

Most beekeepers in the survey (81.7% of beekeep-
ers with usable data) did not migrate their colonies.
Migration was also highly significant (p< 0.001), with
loss rates of 15.2% and 16.1% for the groups reply-
ing “Yes” and “No”, respectively, to whether they
had migrated their colonies the previous season
(and 11.6% for the small group of 163 beekeepers
responding “Don’t know”). All differences between
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groups were significant, with the result that the
“Yes” group had lower losses than the “No” group.
This is the opposite way round from the finding of
the 2019 survey (Gray et al., 2020), but consistent
with the results of the 2018 survey (Gray et al.,
2019). While we have found that migration is always
significantly associated with winter loss, the direction
of the effect does vary from year to year. This may
possibly reflect a different balance from year to year
of two factors working in opposite directions, namely
that on the one hand migrated colonies are poten-
tially more exposed to disease, toxins, etc., while on
the other hand beekeepers who migrate their colo-
nies are, in some countries at least, much more likely
to be more experienced beekeepers than those who
do not.

In Gray et al. (2020), we considered the effect of a
young queen on the risk of winter loss. This also
proved to be a highly significant effect, indicating
that a larger proportion of young queens in a bee-
keeping operation was associated with a lower risk
of colony loss. This was an important finding, with
practical implications for beekeepers in terms of re-
queening as a way to improve colony survival. The
proportion of young queens is calculated, for bee-
keepers supplying consistent data, from the total
number of colonies going into winter and, where
this is known and stated, the number of these with
a new queen. Of the 30,491 beekeepers with consist-
ent loss data, 27,348 of them also had valid data in
the present spring 2020 survey for this calculation of
the percentage of young queens. While the results
are not shown in detail here, the similarity of the
results obtained from this year compared to the pre-
vious year relating the proportion of new queens to
the risk of colony winter loss is striking and again
the effect is highly significant (p< 0.001). Once
more, the conclusion from this very large sample of
beekeepers from many countries is that a greater
level of queen replacement is associated with less
colony loss. This applies to losses from queen prob-
lems, dead/empty colonies, and the total of these
two types of colony loss.

All three factors, operation size, migration and
proportion of young queens, were also included in a
multivariable main effects quasi-binomial GLM, and
all three remained highly significant (p< 0.001),
meaning that when each factor is taken into account
the other factors are still strongly associated with
colony winter losses.

Colony loss rates vary between countries partici-
pating in the monitoring survey in any one year and
between years, for many reasons. These include
environmental conditions, such as weather patterns
or pathogen pressure, as well as colony manage-
ment practices. Therefore, the representativeness of

each set of survey respondents for the beekeeper
population in their country is important and is an
aspect of the monitoring survey which we seek to
improve on an ongoing basis. National coverage and
the proportion of beekeepers answering the survey
questionnaire (last column of Table 1) are in turn
both aspects of how representative the respond-
ents are.

In summary, despite the challenges of Covid-19 in
2020, the survey response rates in most countries
were encouraging. In a few countries, conditions for
carrying out surveys are challenging and it is not
always possible to participate every year or in some
instances to achieve more than a small sample of
responses. This is partly dependent on the survey
mode, and the online survey approach has proved
to be more robust than in countries where data col-
lection is reliant on questionnaire data being col-
lected at beekeeper meetings. It is encouraging that
in a few other countries like Spain, France, or Italy,
where responses have been more regional than
national, a greater level of national coverage is being
achieved and efforts are continuing to increase
coverage. We aim to continue growing the network
of participating countries, including greater represen-
tation of countries outside of Europe, as well as
keeping involved the long-standing participants in
colony loss monitoring. Broadening the network of
countries in the COLOSS monitoring survey more
globally brings its own challenges, such as address-
ing the needs of countries with a warm climate and
lack of a distinct winter.

Acknowledgements

The colony loss monitoring group which carried out this
study is a core project of the COLOSS research association
(prevention of honey bee colony losses), which supports
regular workshops facilitating research discussions and col-
laboration between group members. COLOSS is supported
by the Ricola Foundation – Nature and Culture and V�eto-
pharma. The authors thank very much all the beekeepers
who gave their time to complete the COLOSS question-
naire providing the data for this work, and the additional
colleagues, COLOSS members and beekeeping associations
who contributed to survey organisation, data collection
and/or data processing. The authors are also grateful to
various national funding sources for support of some of
the monitoring surveys, including the Dutch Ministry of
Agriculture, Nature and Food Quality (BO-43-011.03-005);
in the Republic of Serbia, MPNTR-RS, through Grant No.
III46002; in Slovakia the project "Sustainable smart farming
systems taking into account the future challenges
313011W112"; the Slovenian Research Program P1-0164;
the Danish Beekeepers Association for their funding and
support of the international LimeSurvey platform used by
many participating countries; and “Zukunft Biene 2” (grant
number 101295/2) in Austria. In Macedonia, the technical
support was provided by the MacBee association (www.
macbee.mk) and its member Miroljub Golubovski. The

6 A. GRAY ET AL.

http://www.macbee.mk
http://www.macbee.mk


authors acknowledge the financial support by the
University of Graz for open access.

Disclosure statement

No potential conflict of interest was reported by
the authors.

ORCID

Alison Gray http://orcid.org/0000-0002-6273-0637
Noureddine Adjlane http://orcid.org/0000-0002-
0369-2968
Alireza Arab http://orcid.org/0000-0003-0267-8504
Luis Cadah�ıa http://orcid.org/0000-0003-4047-5409
Jean-Daniel Charri�ere http://orcid.org/0000-0003-
3732-4917
Robert Chlebo http://orcid.org/0000-0001-8715-0578
Bram Cornelissen http://orcid.org/0000-0001-6610-0811
Cristina Amaro da Costa http://orcid.org/0000-0001-
8625-2206
Ellen Danneels http://orcid.org/0000-0002-2266-6298
Ji�r�ı Danihl�ık http://orcid.org/0000-0002-6936-1766
Mariia Fedoriak http://orcid.org/0000-0002-6200-1012
Ivan Forsythe http://orcid.org/0000-0002-8642-102X
Jes Johannesen http://orcid.org/0000-0002-8496-4100
Preben Kristiansen http://orcid.org/0000-0001-6718-2214
Raquel Mart�ın-Hern�andez http://orcid.org/0000-0002-
1730-9368
Ewa Mazur http://orcid.org/0000-0002-3606-6082
Carlos Aurelio Medina-Flores http://orcid.org/0000-0002-
9330-565X
Franco Mutinelli http://orcid.org/0000-0003-2903-9390
Eslam M. Omar http://orcid.org/0000-0002-3869-1682
Solenn Patalano http://orcid.org/0000-0002-1880-7692
Gilles San Martin http://orcid.org/0000-0002-0434-9416
Victoria Soroker http://orcid.org/0000-0002-0110-4931
Philip Stahlmann-Brown http://orcid.org/0000-0003-
4310-1103
Jevrosima Stevanovic http://orcid.org/0000-0003-
0906-5911
Aleksandar Uzunov http://orcid.org/0000-0003-
1240-868X
Flemming Vejsnaes http://orcid.org/0000-0002-
1920-6178
Anthony Williams http://orcid.org/0000-0002-5383-3183
Robert Brodschneider http://orcid.org/0000-0002-
2535-0280

References

Becsi, B., Formayer, H., & Brodschneider, R. (2021). A bio-
physical approach to assess weather impacts on honey
bee colony winter mortality. Royal Society Open Science,
8(9), 210618. https://doi.org/10.1098/rsos.210618

Brodschneider, R., Gray, A. & COLOSS Monitoring Core
Project. (2022). How COLOSS monitoring and research
on lost honey bee colonies can support colony survival.
Bee World, 99(1), 8–10. https://doi.org/10.1080/0005772X.
2021.1993611

Brodschneider, R., Gray, A., Adjlane, N., Ballis, A.,
Brusbardis, V., Charri�ere, J.-D., Chlebo, R., Coffey, M. F.,
Dahle, B., de Graaf, D. C., Maja Dra�zi�c, M., Evans, G.,
Fedoriak, M., Forsythe, I., Gregorc, A., GrzeRda, U.,
Hetzroni, A., Kauko, L., Kristiansen, P., … Danihl�ık, J.
(2018). Multi-country loss rates of honey bee colonies
during winter 2016/2017 from the COLOSS survey.
Journal of Apicultural Research, 57(3), 452–457. https://
doi.org/10.1080/00218839.2018.1460911

Brodschneider, R., Gray, A., van der Zee, R., Adjlane, N.,
Brusbardis, V., Charri�ere, J.-D., Chlebo, R., Coffey, M. F.,
Crailsheim, K., Dahle, B., Danihl�ık, J., Danneels, E., de
Graaf, D. C., Dra�zi�c, M. M., Fedoriak, M., Forsythe, I.,
Golubovski, M., Gregorc, A., GrzeRda, U., … Woehl, S.
(2016). Preliminary analysis of loss rates of honey bee
colonies during winter 2015/16 from the COLOSS sur-
vey. Journal of Apicultural Research, 55(5), 375–378.
https://doi.org/10.1080/00218839.2016.1260240

Brown, P., Newstrom-Lloyd, L. E., Foster, B. J., Badger, P. H.,
& McLean, J. A. (2018). Winter 2016 honey bee colony
losses in New Zealand. Journal of Apicultural Research,
57(2), 278–291. https://doi.org/10.1080/00218839.2018.
1430980

Gray, A., Adjlane, N., Arab, A., Ballis, A., Brusbardis, V.,
Charri�ere, J.-D., Chlebo, R., Coffey, M. F., Cornelissen, B.,
Amaro da Costa, C., Dahle, B., Danihl�ık, J., Dra�zi�c, M. M.,
Evans, G., Fedoriak, M., Forsythe, I., Gajda, A., de Graaf,
D. C., Gregorc, A., … Brodschneider, R. (2020). Honey
bee colony winter loss rates for 35 countries participat-
ing in the COLOSS survey for winter 2018-2019, and the
effects of a new queen on the risk of colony winter loss.
Journal of Apicultural Research, 59(5), 744–751. https://
doi.org/10.1080/00218839.2020.1797272

Gray, A., Brodschneider, R., Adjlane, N., Ballis, A.,
Brusbardis, V., Charri�ere, J.-D., Chlebo, R., Coffey, M.F.,
Cornelissen, B., Amaro da Costa, C., Cs�aki, T., Dahle, B.,
Danihl�ık, J., Dra�zi�c, M. M., Evans, G., Fedoriak, M.,
Forsythe, I., de Graaf, D., Gregorc, A., … Soroker, V.
(2019). Loss rates of honey bee colonies during winter
2017/18 in 36 countries participating in the COLOSS sur-
vey, including effects of forage sources. Journal of
Apicultural Research, 58(4), 479–485. https://doi.org/10.
1080/00218839.2019.1615661

R Core Team. (2019). R: A language and environment for
statistical computing. R Foundation for Statistical
Computing. https://www.R-project.org/.

van der Zee, R., Gray, A., Holzmann, C., Pisa, L.,
Brodschneider, R., Chlebo, R., … Wilkins, S. (2013).
Standard survey methods for estimating colony losses
and explanatory risk factors in Apis mellifera. Journal of
Apicultural Research, 52(4), 1–36. https://doi.org/10.3896/
IBRA.1.52.4.18

JOURNAL OF APICULTURAL RESEARCH 7

https://doi.org/10.1098/rsos.210618
https://doi.org/10.1080/0005772X.2021.1993611
https://doi.org/10.1080/0005772X.2021.1993611
https://doi.org/10.1080/00218839.2018.1460911
https://doi.org/10.1080/00218839.2018.1460911
https://doi.org/10.1080/00218839.2016.1260240
https://doi.org/10.1080/00218839.2018.1430980
https://doi.org/10.1080/00218839.2018.1430980
https://doi.org/10.1080/00218839.2020.1797272
https://doi.org/10.1080/00218839.2020.1797272
https://doi.org/10.1080/00218839.2019.1615661
https://doi.org/10.1080/00218839.2019.1615661
https://www.R-project.org/
https://doi.org/10.3896/IBRA.1.52.4.18
https://doi.org/10.3896/IBRA.1.52.4.18

	Abstract
	Acknowledgements
	Disclosure statement
	Orcid
	References


