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Abstract — In 2014, an online survey was launched to assess impacts of bee losses in Brazil (honeybees, stingless
bees, and solitary bees). Events from January 2013 to December 2017 were collected on a website http:/www.
semabelhasemalimento.com.br/beealert as well as in apps for smartphones and tablets. In total, 322 post-confirmed
qualified reports (287 for honeybee, 33 for stingless bee, 2 for solitary bee) were included in our analyses. Overall,
19,296 of 37,453 colonies and nests were lost (estimated > 1 billion bees). Losses were highest for Africanized
honeybees (Apis mellifera ), followed by stingless bee Tetragonisca angustula . Honeybee 95% confidence intervals
(CI) for loss rates on the basis of year, 5-year interval, regions, and operation sizes were estimated using a
generalized linear model (GLM) for total loss (7L) and a Wald method for average losses (AL ). Other species
losses were mentioned in the text. Based on information from respondents, pesticide exposures were suspected as the
main cause of nest and colony losses. In Sao Paulo State, which accounted for 45.7% of total reports, neonicotinoids
and fipronil led pesticide are listed in 55.9% of reports (fipronil, clothianidin, imidacloprid, and thiamethoxam are

widely used in sugar cane plantations and orange groves in this state).

bees / pesticides / neonicotinoids / fipronil / Apis mellifera | Tetragonisca angustula

1. INTRODUCTION

Bee loss is a current large-scale problem affect-
ing beekeeping, natural ecosystems, and farming
systems, decreasing world populations of many
bee species (Gill et al. 2012; Gongalves 2012a, b;
Neumann and Carreck 2010; Oldroyd 2007). Bees
are regarded as the most efficient pollinators; there-
fore, this negative trend in pollinator populations,
affecting several bee species in different ways,
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seems to be catastrophic for agricultural production,
plant fertility, and biodiversity (Klein et al. 2007;
(Breeze et al. 2011)). Notably, in recent years, hon-
eybee colony losses (Apis mellifera) have been
recorded all around the world with severe losses
during winter in the USA and Europe ((Antiinez
etal. 2017; Brodschneider et al. 2016; Chauzat et al.
2016); Jacques et al. 2017; Kulhanek et al. 2017,
Oldroyd 2007; Stokstad 2007; vanEngelsdorp and
Meixner 2010; van der Zee et al. 2012).

The current consensus is that a decline in bee
species and other pollinators does not have a
single cause, but it is multifactorial, including
pesticides, habitat and environmental losses (re-
source decline), pathogen, and parasites
(Decourtye et al. 2010; Kluser et al. 2010; Maini
et al. 2010; Neumann and Carreck 2010). In ad-
dition to biotic and abiotic factors, declines in bee
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populations are also influenced by the value of
products and services of these insects, taking into
account human interests and activities (Aizen and
Harder 2009; Maini et al. 2010).

In Brazil, honeybee colony losses (Apis
mellifera)) are usually attributed to intensive use
of pesticides in agricultural areas (Silva et al. 2015,
2016; Cerqueira and Figueiredo 2017), followed
by minor reports of Varroa destructor infestation,
mismanagement, and starvation (Malaspina et al.
2008; Message 2010; Teixeira et al. 2011), al-
though reports of queen failures are unusual.

To assess losses of several bee groups (honey-
bees, stingless bees, and solitary bees) in Brazil,
Gongalves (2014) launched an online survey
(BEE ALERT) enabling beekeepers and others
to report cases of bee losses. The application was
linked to various websites, i.e., research institutes,
reference laboratories, beekeeper associations,
beekeeping magazines, and social and other relat-
ed media, to increase exposure (van der Zee et al.
2013). The purpose of the current study was to
quantify bee losses in Brazil between 2013 and
2017 and identify likely causes.

2. MATERIALS AND METHODS

Data acquisition was done through the BEE
ALERT web survey, an application link to
http://www.semabelhasemalimento.com.
br/beealert, created by coordinators of the non-
governmental organization BEE OR NOT TO
BE. The objective was to record, in an online
database, each occurrence of bee losses posted
by national participants.

Respondents were those who voluntarily sub-
mitted details of bee losses. As visitors entered
information into the survey in BEE ALERT, data
were loaded into the website database, including
size of losses, location, pollinator species, sug-
gested causes, and types of flowering. Respon-
dents remained anonymous.

We had reports on social bees: stingless bees
(Tetragonisca angustula, Melipona subnitida ,
Melipona scutellaris, Melipona mandacaia ,
Melipona fasciculata, Tetragona clavipes, and
Scaptotrigona postica ) and Africanized honeybee
(Apis mellifera) (Gongalves 1974), which is a
poly-hybrid of Apis mellifera scutellata , imported

@ Springer

D. Castilhos et al.

into Brazil by Kerr in 1956 (Kerr 1967; Ruttner
1975), and Apis mellifera mellifera and Apis
mellifera ligustica , introduced by European im-
migrants (Gongalves 1974; Kerr 1967; Nogueira-
Neto 1962). Solitary bee species were also report-
ed: Xylocopa sp. and Centris sp.

As honeybee colonies were the most represent-
ed, their data were analyzed and presented in
figures and tables, whereas data for stingless bees
and solitary bees were simply mentioned in the
text. Each report was considered a single occur-
rence. Increases or decreases in colonies due to
deliberate commercial decisions during the inter-
val were excluded from this study.

Sample size (n) estimation followed a
methodology suggested by van der Zee et al.
(2013) in order to achieve statistical level of
precision from the data collected, considering
a percentage of 20% of natural colony losses,
5% estimation error, and a confidence level of
95%, for an estimated national apiculture pop-
ulation of 350,000 beekeepers (CBA 2013;
SEBRAE 2006), resulting in a minimum sam-
ple size of 246 reports.

To minimize false information, all data records
were reconfirmed through contacts with respon-
dents. A survey moderator verified cases with
heavy colony, nest, or financial losses with visits
to the sites and interviews with respondents for
confirmation of the occurrence in loco, with
photos and videos. Cases involving absence of
losses, or incomplete, unconfirmed or untraceable
questionnaires were excluded. During data collec-
tion, a macro-spreadsheet containing all variables
from the web survey was edited, facilitating anal-
ysis of loss characteristics.

There are two ways to analyze colony losses.
The first is total colony loss (7L ), which repre-
sents the overall rate of loss experienced by all
participants. The second is average colony loss
(AL), which represents mean losses experienced
by each participant (van der Zee et al. 2013; van
Engelsdorp et al. 2011; vanEngelsdorp et al.
2013). Given a representative sample of opera-
tions, total and average loss rates are potentially
biased. Total loss rate (7L ) is more influenced by
large operations, whereas average loss rate (AL ) is
more representative for all sizes of beekeeping
operations (Daberkow et al. 2009).
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Comparisons were done based on both 7L and
AL (Daberkow et al. 2009). Honeybee data were
analyzed on several bases: year and 5-year inter-
val; region (Midwest, North-Northeast, Southeast
and South); and operation size. According to Bra-
zilian honeybee management standards (Apis
mellifera), a small-size operation is 1 to 50 hives,
medium-size operation is from 51 to 200 bee-
hives, and large-size operation is > 200 hives.

A generalized linear model (GLM) (McCullagh
and Nelder 1989) with a quasi-binomial distribu-
tion and Jogit link (vanEngelsdorp et al. 2013) was
used to estimate accurate confidence interval (CI) of
total loss rate (7L) and minimize effects due to
differences in operation size. The Wald method
was used to determine a confidence interval (CI)
of average loss (AL ) rate. Statistical analyses were
done with R software (R Development Core Team
2016), using a 5% level of significance.

3. RESULTS

Since the BEE ALERT application was
launched, 322 validated reports were uploaded
(287 for honeybees, 33 for stingless bees, and 2
for solitary bees). Furthermore, 19 of 27 Brazilian
states reported at least one occurrence of losses
(either honeybees or native bees). All records
were traced by satellite georeferencing (GPS)
and indicated on a map (Figure 1). Sao Paulo State
had the highest rate of occurrences (45.7% of all
reports), followed by Rio Grande do Sul (17.1%),
Minas Gerais (11.2%), and Parana (5%).

Regarding activities related to bees, 78.6%
were beekeepers in rural areas (honeybees), 9%
hobbyists (stingless beekeepers in urban perime-
ters), 5.9% stingless beekeepers (in rural areas),
5.3% both honeybee and stingless beekeepers in
rural areas, and 1.2% researchers (0.6% honeybee,
0.6% solitary bee) in university environments.

Regarding the occurrence of bee losses, the most
affected months were January, March, June, Au-
gust, November, and December, each with losses >
9%. In February, April, May, July, September, and
October, losses ranged from 4.7 to 6.8% (Figure 2).
There was no month without a loss.

Of 322 validated reports, 81.2% reported pes-
ticides as the suspected cause of bee losses (bees
found dead or agonal at hive entrance, on the

265

ground, or failed to return to the colony or nest),
2.9% failures in management, 2.6% Varroa
destructor, 2.3% municipal services combating
mosquitos transmitting dengue (fogging), and
11% unable to specify a cause.

In this 5-year survey, there were 35,262
(94.1%) honeybee, 2032 (5.4%) stingless bee col-
onies, and 159 (0.5%) solitary bee nests reported
before losses (fc). Regarding losses, 17,538
(90.9%) honeybee, 1700 (8.8%) stingless bee col-
onies, and 58 (0.3%) solitary bee nests were re-
ported (#d). As honeybee reports (n7) and losses
(td) represent 90% of the survey, Table I shows
the descriptive statistic of data separated by
groups of bees, facilitating comparison to other
honeybee studies.

As medians (Med) and means (Mean) from
reported variables fc and td were distinctly dif-
ferent, it was clear that these data were not nor-
mally distributed (Supplementary Material).
Therefore, year and 5-year, regional and operation
size loss rates were calculated with a Z distribu-
tion for nr > 60 and with a ¢ distribution for nr <
60 (vanEngelsdorp et al. 2013), for honeybee
colony loss analyses only (nr =287 reports).
Stingless bee reports were separated, so readers
can have a true idea of honeybee losses.

Total (7L ) and average (AL ) honeybee colony
loss rates over the 5-year interval appeared similar
(Table II).

Regional honeybee colony losses were dif-
ferent; however, overlaps of confidence inter-
vals suggested non-significant statistical dif-
ferences among losses (Table III). The
highest rate of average colony loss (AL) in
Brazil was in the South region (67.6%),
followed by the Southeast region (63.5%).

To improve understanding of total loss (7L )
and average loss (AL) rates (honeybees only)
(Daberkow et al. 2009), reports were categorized
by operation size (Table IV). Small-size units (1—
50 hives) contributed 61.3% of reports, but only
accounted for 11% of operations. Medium-size
units (51-200 hives) contributed 25.8% of reports
and accounted for 24.9% of operations, and large-
size units (>200 hives) contributed 12.9% of re-
ports and accounted for 64.1% of operations.

According to survey participants, medium- and
large-size beekeeping operations are considered
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Source: Cartographic base: GOOGLE EARTH, 2017 modified by author with survey data.

Figure 1 GPS distribution of surveyed bee losses in Brazil. Yellow line = national and state borders. Source:
Cartographic base: GOOGLE EARTH 2017, modified by author with survey data.

their main economic activity. Small- and medium- 4. DISCUSSION
size beekeepers had similar average losses, where-
as large-size beekeepers incurred lesser average As a result of the first long-term survey of bee
losses. losses in Brazil, many expected responses were
14.0% 12.7%
0.0% 10.9% oo 06%
5.3% 4.7% i I 5.0% i 5.9% I
January February March April May June July August September October November  December

Figure 2 Percent monthly bee loss, averaged from 2013 to 2017.
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Table 1. Descriptive statistic for the number of colonies before losses (7c ) and lost colonies (¢d ) grouped by species

of bees
Group nr Species n Mean 95% CI Med  Interquartile
range
Honeybee 287  Apis mellifera Before 35262 1229 93.2-152.5 33 19-120
losses
Lost 17,538  61.1 48.1-74.1 25 8-70
colonies
Stingless 17 Tetragoniscaangustula ~ Before 1799 1058 —79.1- 14 6-33
bee losses 290.7
Lost 1572 925 —94.0— 3 2-6.5
colonies 279.0
5 Scaptotrigona postica Before 37 74 —-24-172 4 1-15.5
losses
Lost 33 6.6 -3.2-164 2 1-14.5
colonies
3 Melipona mandacaia Before 63  21.0 —62.9- 2 1-60
losses 104.9
Lost 16 53 -112-219 2 1-13
colonies
3 Melipona scutellaris Before 35 117 4.5-18.8 10 10-15
losses
Lost 13 43 -44-13.1 4 1-8
colonies
1 Melipona fasciculata Before 50 - - - -
losses
Lost 30 - - - -
colonies
2 Melipona subnitida Before 16 8.0 - 8 -
losses
Lost 6 3.0 - 3 -
colonies
2 Tetragona clavipes Before 32 16.0 - 16 -
losses
Lost 30 15.0 - 15 -
colonies
Solitary 1 Xylocopa sp. Before 100 — - - -
bee losses
Lost nests 38 - - - -
1 Centris sp. Before 59 - - - -
losses
Lost nests 20 - - - -
Total 322 Before 37,453 1163  81.7-143.8 30 14.5-87.5
losses
Lost 19,296  59.9 40.9-76.8 20 6.0-54.5

nr, number of reports; n , number of colonies; Mean , average number of colonies per report; Med , median number of colonies per

report; 95% CI, confidence interval

confirmed. It is noteworthy that these numbers
represented only losses recorded in BEE ALERT
application. In addition, presumably many bee-
keepers failed to report losses, fearing they could

be forced to remove their apiaries from farms
where they borrow or rent space for honey
production.
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Table II. Year and 5-year interval total and average honeybee (Apis mellifera) colony loss rates.

Year nr TL @) 95% Cligim) AL ) 95% Clowaia)
2013 22 50.4 39.5-61.4 54.9 39.3-70.6
2014 77 493 42.6-55.9 61.5 54.1-69.0
2015 48 54.6 44.8-64.3 70.5 60.2-80.9
2016 74 458 39.9-51.7 62.6 56.0-69.3
2017 66 49.7 42.4-57.0 69.7 62.3-77.0
2013-2017 287 49.7 46.3-53.2 64.7 61.0-68.4

nr, number of reports; 7L (¢, total loss; AL (4,, average loss; 95% CI, confidence interval

Annual colony loss rates were expected to be
high, ranging from 50% or higher (Cerqueira and
Figueiredo 2017; Silva et al. 2015, 2016). Based
on an average estimated population of 60,000
Apis mellifera bees per colony, more than one
billion honeybees were estimated to have died,
causing potential reductions in pollination and
biodiversity, and large financial losses.

Considering only honeybee colonies reported
dead or empty, this 5-year approach indicates
trends. Annually, average loss rates (AL ) ranged
from 54.9 to 70.5% and total loss rates (71 ) from
49.3 to 54.6%. In contrast, in Uruguay, there was
an annual 28.6% average loss and 28.5% total loss
(Antunez et al. 2017). In South Africa, an average
loss of 20.6% and total loss of 29.6% were esti-
mated for 2009, and an average loss of 28.6% and
total loss of 46.2% for 2010 (Pirk et al. 2014). In
the USA, estimated annual average loss reached
44.2% and total loss was 40.5% in 2015/2016
(Kulhanek et al. 2017), and annual average loss
was 49.4% and total loss was 45.2% in 2012/2013
(Steinhauer et al. 2014). In Europe, annual losses

are not commonly estimated, but in 29 European
countries, during the winter of 2015/2016, there
was an estimated overall loss rate of 12% with a
range of 6.4 to 29.5% among countries
(Brodschneider et al. 2016). In yet another study
based on field inspections in 17 European coun-
tries, estimated winter losses ranged from 4.7 to
30.6% (Chauzat et al. 2016), whereas in a similar
study the following year, estimated losses ranged
from 2 to 32% (Jacques et al. 2017).

Given these apparent differences among coun-
tries, years, and seasons, we inferred that colony
losses were strongly related to environment, cli-
mate, bee species, and beekeeping practices. Al-
though Brazilian losses seemed higher than other
countries, reproduction and capture of new colo-
nies can be accomplished within one season, mak-
ing it possible to totally or at least partially recover
from losses (van Engelsdorp et al. 2011), as the
Africanized honeybee is well adapted to tropical
environments. However, reproduction of colonies
to repopulate empty hives has inherent costs for
beekeepers and stingless beekeepers.

Table III. Total and average honeybee (Apis mellifera) colony loss rates by region.

Region nr 7L ) 95% Cliginm, AL 95% Clowaia)
Midwest 22 63.2 48.9-76.1 56.5 41.9-71.1
North/Northeast 21 55.0 41.7-67.9 545 39.9-69.1
Southeast 164 50.3 45.6-55.0 63.5 60.7-70.9
South 80 455 39.7-51.3 67.6 60.8-73.7
Total 287 49.7 46.3-53.2 64.7 61.0-68.4

nr, number of reports; 7L (4,, total loss; AL (¢, average loss; 95% CI, confidence interval
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Table IV. Total and average honeybee (Apis mellifera) colony loss rates by operation size

Op size nr tc td TL (%) 95% CI(glm) AL (%) 95% CI(Wa]d)
1-50 176 3888 2686 69.1 64.2-73.7 68.0 63.2-72.8
51-200 74 8782 5848 66.6 59.6-73.1 67.7 60.9-74.5
>200 37 22,592 9004 39.9 32.1-47.9 429 33.5-52.4
Total 287 35,262 17,538 49.7 46.3-53.2 64.7 61.0-68.4

nr, number of reports; #c , number of colonies reported before losses; #d , number of lost colonies; 7L (4, total loss; AL (4,, average

loss; 95% CI, confidence interval

Varroa destructor is not a big problem in Bra-
zil, particularly in tropical regions. Moretto et al.
(1991) suggested that climate type (warm temper-
atures and no winters) and hybridization (behav-
ioral defense against Varroa ) have a positive ef-
fect on mite reduction and mean infestation rates
were 5%. Nine studies on mite infestation were
presented in the 22nd CONBRAPI-Brazilian
Beekeeping Congress, 2018, and mean infestation
rates in four of five regions were 5% ((Bridi et al.
2018); Estevan et al. 2018; Freire et al. 2018;
Gomes et al. 2018; Pereira et al. 2018; Pinho
et al. 2018; Sambrana and dos Reis 2018; Silva
et al. 2018; Vinhal-Silva et al. 2018). Despite the
long (27 years) interval between the initial and
recent publications, we concluded that there was
no evidence that Varroa destructor infestation
had increased nationwide.

Based on beckeepers responses and environ-
mental knowledge (aerial or mechanical spraying
observed before losses; bees found dead or agonal
at the hive entrance, on the ground, or simply failed
return to the colony; dead bees with outstretched
legs, wings, and proboscis), pesticide exposures
were speculated to be the main cause of colony
losses, consistent with Brazil being the world’s
biggest consumer of pesticides (Bombardi 2017;
dos Santos et al. 2018; INCA 2015). Fipronil was
the most frequently mentioned pesticide, followed
by the neonicotinoid insecticides imidacloprid,
thiamethoxam, and clothianidin. Various agricul-
tural crops, including sugar cane, oranges, and
other tropical fruits, are commonly produced in
areas with highest rates of bee deaths and collapses.
Losses were greatest for honeybee (Apis mellifera )
and stingless bee jatai (Tetragonisca angustula ). In
the State of Parana alone, the loss of 1508

Tetragonisca angustula nests were attributed to
pesticides, based on input from stingless bee-
keepers and in loco author’s visits to confirm col-
ony losses.

It was noteworthy that the highest incidence of
losses coincided with months when agricultural
procedures would be underway, giving more cre-
dence to the apparent association between losses
and agricultural activities.

Colony losses by region were not statistically
different. However, there were differences on the
basis of operation size, as large-size beekeepers
incurred lower total and average loss rates, con-
sistent with previous publications
((Brodschneider et al. 2016); van Engelsdorp
etal. 2011; vanEngelsdorp et al. 2013). This could
be due to large-size beekeepers having better
equipment and facilities and more standardized
management procedures. For small-size bee-
keepers, loss of even a few colonies could be
devastating and preclude recovery.

In conclusion, according to respondents, pesti-
cides were suspected as the main cause of the high
bee loss rates in Brazil and they are proposed as
the main cause of pollinator decline (dos Santos
et al. 2018). Annual losses were estimated around
50%, with an estimate that more than one billion
bees died, without taking into account bee losses
in the wild.
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