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1. INTRODUCTION

Honey bee (Apis mellifera  L.) colony losses 

are a major concern worldwide. Mortality can be 

driven by a number of interacting factors, includ- 

ing the parasitic mite Varroa destructor , other 

parasites and diseases, nutrition, pesticides, and 

socioeconomic factors (Berthoud et al. 2010; 

Dainat et al. 2012a; Dainat et al. 2012b; Ellis 

et al. 2010; Le Conte et al. 2010; Potts et al. 

2010a; vanEngelsdorp and Meixner 2010). From 

1947 to 2008, the total US honey bee population 

has declined by 61 % (Ellis et al. 2010; 

vanEngelsdorp and Meixner 2010). In spite of this 

long-term trend and recent winter losses, the US 

Department of Agriculture National Agricultural 



Statistics Service (USDA-NASS) estimates that 

colony numbers increased from 2.39 million in 

2006  (USDA-NASS  2007)  to  2.64  million  in 

2013 (USDA-NASS 2014). Colony losses have 

not resulted in declines, as colony losses can be 

mitigated by beekeepers splitting colonies to re- 

cover or even exceed winter losses, a springtime 

activity that may mask the severity of a recent 

winter die-off (vanEngelsdorp and Meixner 

2010). In addition, income from record high hon- 

ey prices (USDA-NASS 2014) and increased 

compensation for almond pollination in California 

(vanEngelsdorp and Meixner 2010) provide bee- 

keepers incentives to increase colony numbers. 

However, it is unclear if beekeepers will be able 

to sustain this level of annual loss and meet polli- 

nation demand while the acreage of pollinator- 

dependent crops continues to increase faster than 

the honey bee population (Aizen et al. 2008; 

Aizen and Harder 2009). 

Documenting colony losses is critical for put- 

ting losses into context and identifying potential 

causes of mortality, especially in different regions. 

To better understand the distribution of colony 

losses, researchers have conducted surveys at na- 

tional or regional scales (Aston 2010 ; 

Brodschneider et al. 2010; Charrière and Neu- 

mann 2010; Clermont et al. 2014; Dahle 2010; 

Gajger et al. 2010; Gray et al. 2010; Hatjina et al. 

2010; Ivanova and Petrov 2010; Mutinelli et al. 

2010; Neumann and Carreck 2010; Nguyyen et al. 

2010; Pirk et al. 2014; Potts et al. 2010b, Soroker 

et al. 2010; Topolska et al. 2010; van der Zee 

2010; van der Zee et al. 2012; van der Zee et al. 

2013; van der Zee et al. 2014; Vejsnæs et al. 
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(vanEngelsdorp et al. 2007, 2008, 2010, 2011, 

2012; Spleen et al. 2013; Steinhauer et al. 2014). 

Multi-year records are especially important to un- 

derstanding the variability of losses. 

In the USA, surveys have been conducted since 

the winter of 2006–2007. The surveys asked bee- 

keepers about numbers of living colonies at dif- 

ferent points in the year, decreases and increases 

of colonies, the level of winter loss that they 

deemed acceptable, the state(s) the colonies were 

kept in, if the beekeepers moved colonies across 

state lines, if the colonies were used for almond 

pollination, and the perceived causes of those 

losses, including colony collapse disorder (CCD) 

(vanEngelsdorp et al. 2009). From the previous 

surveys, the total US winter losses were 32, 36, 

29, 34, 30, 22, and 31 % for the winters of 2006–

2007,  2007–2008,  2008–2009,  2009–2010, 

2010–2011, 2011–2012, and 2012–2013, respec- 

tively (vanEngelsdorp et al. 2007, 2008, 2010, 

2011, 2012; Spleen et al. 2013; Steinhauer et al. 

2014). Total US summer and annual losses for 

2012–2013 were reported as 25 and 45 %, respec- 

tively (Steinhauer et al. 2014). Acceptable losses 

of  previous  US  surveys  ranged  from  13.2  to 

17.6 % (vanEngelsdorp et al. 2010, 2011, 2012; 

Spleen et al. 2013; Steinhauer et al. 2014). 

This study is based on the latest US colony 

mortality survey conducted by the Bee Informed 

Partnership (BIP, beeinformed.org). It addresses 

colony mortality from 1 April 2013 to 1 April 

2014. It is the second survey in the series to 

include summer and annual losses along with 

winter losses. We include the level of acceptable 

losses reported by beekeepers and the percent of 

beekeepers that exceed the level of loss they deem 

acceptable. The results contain loss comparisons 

by operation type, losses by state, pollination of 

almonds, migratory status, and the self-reported 

causes of death, including the percent of colonies 

that died with the symptom Bno dead bees in the 

hive or apiary.^ As in previous surveys, 

responding beekeepers were categorized by oper- 

ation type (backyard, sideline, or commercial) 

based on the number of colonies they managed, 

as backyard, sideline, and commercial beekeepers 

tend to have different management practices. 

Commercial beekeepers are more likely to be 

migratory, use their colonies to pollinate almonds, 

have more intensive management practices, and 

keep colonies in high-density locations that can 

affect disease transmission and virulence (Royce 

and Rossignol 1990). Backyard beekeepers tend 

to be stationary, have fewer colonies, and manage 

less rigorously. Sideline beekeepers tend to be 

between the other two groups. Beekeepers were 

also categorized by state, as reporting the state(s) 

in which the colonies were kept can help account 

for differences colony losses due to the climate or 

regional practices. In addition, as causes of mor- 

tality can be multifactorial and vary among oper- 

ation  types  and  colony  location,  asking 



beekeepers to report what they think is their pri- 

mary cause(s) of death can lead to insights about 

the most influential factors of loss for beekeepers 

in different regions and demographics. 

2. METHODS

2.1. Survey 

The survey to estimate colony losses of 2013 to 2014 

was provided online through the Internet platform 

SelectSurvey.com. Beekeepers were invited to partici- 

pate via email by distribution through lists maintained 

by two national beekeeping organizations (American 

Beekeeping Federation and American Honey Pro- 

ducer’s Association), a beekeeping supply company 

(Brushy Mountain Bee Farm), two honey bee brokers, 

two beekeeping journals (American Bee Journal and 

Bee Culture), and two subscription listservs (Catch the 

Buzz and ABFAlert). An e-mail request to participate in 

the survey was sent to 8679 beekeepers that signed up to 

participate on beeinformed.org, responded to a previous 

BIP survey and indicated their willingness to participate 

in future surveys, or participated in the USDA Animal 

Plant Health Inspection Service National Honey Bee 

Disease Survey and provided their e-mail. All survey 

requests asked beekeepers to forward the survey on to 

other beekeepers. Requests to distribute letters were sent 

to the Apiary Inspectors of America, state extension 

apiculturists, industry leaders, and to a number of bee- 

keeping clubs, including the Eastern Apicultural Socie- 

ty. To specifically encourage the participation of com- 

mercial beekeepers, we conducted surveys over the 

phone or mailed paper surveys (n =1200) either through 

BIP or a state apiarist. As our methods for soliciting 

responses depended on other organizations and requests 

to pass on the invitation, we are unable to calculate a 

total number of beekeepers contacted. The survey was 

not randomly conducted as described by van der Zee 

et al. 2013, which could lead to bias in the results. To 

compensate for the potential bias, we used a variety of 

other contact methods to reach a diverse group of bee- 

keepers and contacted every registered commercial 

beekeeper. 

At the request of several commercial beekeepers and 

due to the longer than typical winter weather in some 

states, we extended the survey to encompass the entire 

month of April. The survey was available online from 1 

to 30 April 2014. Paper surveys were mailed on 26 

March, and completed surveys returned by 9 May were 

included in the analyses. 

The survey consisted of two parts: the Bloss survey^ 

and the Bmanagement survey.^ After completion of the 

loss survey, beekeepers were given the option to con- 

tinue to the management survey. Only the responses to 

the loss survey are addressed in this study. Online 

Resource 1 contains the loss survey questions and the 

corresponding definition for valid responses to each 

question. Loss questions were based on the survey 

designed by Prevention of honey bee COlony LOSSes 

(COLOSS), a research group that measures colony 

losses internationally (van der Zee et al. 2013). Howev- 

er, the definition of colony loss in this survey differs 

from the COLOSS survey. We consider a colony as 

Bliving^ if it is Balive on that date, independent of future 

prospects,^ while the COLOSS survey takes the future 

prospects of the colony into account. Definitions for a 

Bcolony,^ Bliving^ colonies, and Bincreases^ are pro- 

vided in Online Resource 1. 

The 2013–2014 survey included the same core ques- 

tions as the previous years’ winter loss surveys and the 

same summer and annual loss questions as last year’s 

loss survey (Steinhauer et al. 2014). As in the previous 

US surveys, summer was defined as the period from 1 

April 2013 to 1 October 2013, winter from 1 October 

2013 to 1 April 2014, and annual from 1 April 2013 to 1 

April 2014 (vanEngelsdorp et al. 2007, 2008, 2010, 

2011, 2012; Spleen et al. 2013; Steinhauer et al. 

2014). New to the current survey were questions 11, 

12, 20, 21, and 22 (Online Resource 1). Winter, sum- 

mer, and annual are classified as a fixed time period as 

there is no definable winter in some states. We account 

for colony increases and decreases during the fixed time 

periods in the current survey. A fixed winter definition 

is a  deviation  from  the  methods  by  van  der  Zee 

et al. 2013, but the same as the 2010 questionnaire 

used for countries without a definable winter (van 

der Zee et al. 2012). 

The loss data were edited to remove invalid response 

(i.e., negative numbers, responses that exceeded 

100,000 managed colonies). Duplicate entries were re- 

moved, as were entries from non-US respondents. The 

questionnaire included a multiple choice question with 

an open entry Bother^ category, where responses were 

sorted to either keep the entry as Bother^ if the cause of 

death written was effectively different from the listed 

categories or revised to one of the preexisting categories 

where appropriate. After the initial validation, three 



 

 

 

 
subsets of data based on the three time periods were 

created for the analyses: valid for winter loss, valid for 

summer loss, and valid for annual loss. These subsets 

were necessary because not all respondents answered 

the entire set of loss questions. To be valid in a time 

period, beekeepers needed to start that time period with 

at least one colony. 

Each beekeeper’s set of managed colonies will be 

referred to as that beekeeper’s Boperation.^ To compare 

different operation sizes, beekeepers were classified into 

three groups based on the number of living colonies 

managed on 1 October 2013: Bbackyard beekeepers^ 

managed 50 or fewer colonies, Bsideline beekeepers^ 

managed between 51 and 500 colonies and 

Bcommercial beekeepers^ managed more than 500 col- 

onies. These classifications are identical to those used in 

the previous surveys. 

 
2.2. Statistics 

 
Total and average colony losses for summer, winter, 

and the annual period were calculated for all operations 

based on vanEngelsdorp et al. (2013) and Steinhauer 

et al. (2014). First, percent colony loss for each time 

period for each respondent was calculated by dividing 

the number of colonies the beekeeper lost by the num- 

ber of colonies at risk in summer, winter, and annual 

(Online Resource 1, questions 2–5, 5–8, and 2–8, re- 

spectively). The total % loss for each time period (sum- 

mer, winter, and annual) were calculated by dividing the 

total number of colonies lost in that time period by the 

total number of colonies at risk in the same time period 

and multiplying by 100. Results from the total % loss 

calculations were applied to calculate the average % 

loss for each time (summer, winter, and annual). Aver- 

age losses were calculated by summing all the individ- 

ual % losses for that time period, then dividing by the 

number of respondents for that same time period. All 

equations can be found in Steinhauer et al. 2014. The 

95 % confidence intervals (95 % CIs) for the total losses 

were calculated using a generalized linear model 

(quasibinomial distribution) (R Development Core 

Team, 2009; code provided by Y. Brostaux and B.K. 

Nguyen). The 95 % CI for average losses were calcu- 

lated using the Wald’s formula (see vanEngelsdorp et al. 

2013 for details). 

Total loss calculations count each individual colony 

equally, without regard to operation size. This means 

beekeepers with more colonies have greater influence in 

 
the total loss results. For comparison, in the average loss 

calculations, each beekeeper’s operation is counted 

once, meaning each operation has the same weight 

whether it is backyard, sideline, or commercial. Total 

loss calculations are more representative of commercial 

operations as they manage significantly more colonies 

compared to backyard and sideline operations. Average 

loss calculations are more representative of backyard 

beekeepers as there are more backyard than commercial 

or sideline operations. Total loss is more informative to 

compare losses among seasons and among states, and 

average loss is more informative to compare categories 

of respondents. 

The winter loss data were used to compare operation 

types (backyard, sideline, commercial), losses by state, 

migratory status (beekeepers that moved colonies at 

least once during the year), beekeepers that use their 

colonies to pollinate almond trees in California, accept- 

able winter losses, and causes of colony death, includ- 

ing the percent of colonies that died with the symptom 

Bno dead bees in the hive or apiary^ (a characteristic 

associated with CCD). The Kruskal-Wallis rank sum 

test was used to compare average losses among groups, 

which, if significant, was followed with a Mann- 

Whitney U test (Wilcoxon rank-sum test) for a pairwise 

test to check for significant differences between groups 

and a Bonferroni correction for multiple comparisons. 

All statistics were performed using statistical program R 

(R version 3.1.0 (2014-04-10), and all tests used a 

significance level of α=0.05. To report the state losses, 

we followed the USDA-NASS method of counting 

colonies of multistate beekeepers in each state in which 

the beekeeper reported having colonies (USDA-NASS 

2014). Multistate beekeepers can be migratory or sta- 

tionary. If a state had five or fewer respondents, the 

losses for that state were not reported to preserve the 

identity of the respondent(s). 

 

3. RESULTS 

 
3.1. Average and total losses 

 
There were a total of 7425 loss entries (7123 

backyard, 190 sideline, and 112 commercial bee- 

keepers) after the data were validated and dupli- 

cate responses removed. There were 5962 respon- 

dents with valid data in the summer loss data 

subset, 7189 respondents in the winter loss data 

subset, and 6105 respondents in the annual loss 



 

 

 

 

subset. The total number of colonies managed by 

the respondents on 1 October 2013 was 497,855 

or approximately 18.9 % of the 2.64 million total 

colonies in the nation (USDA-NASS 2014). Of 

the 7189 valid winter loss respondents, 1994 bee- 

keepers (27.7 % of all respondents) reported los- 

ing no colonies over winter (1984 backyard bee- 

keepers, 7 sideline beekeepers, and 3 commercial 

beekeepers). 

Table I provides a summary of the total number 

of colonies managed by the respondents at the 

start and end of each of the time periods, the total 

colony increases and decreases for each period, 

and the total and average losses of each period. 

Over the winter, total colony losses reported were 

23.7 % [95 % CI 23.3–24.1 %] and the average 

winter losses were 44.8 % [95 % CI 43.9–45.7 %]. 

Total summer losses were 19.8 % [95 % CI 19.3– 

20.3 %], and the summer average losses were 

15.1 % [95 % CI 14.5–15.7 %]. Total annual 

losses were 34.1 % [95 % CI 33.6–34.6 %], and 

the average annual losses were 51.1 % [95 % CI 

50.2–51.6 %]. Note that different pools of respon- 

dents were analyzed for each of the time 

periods.tgroupa 

 

 
3.2. State losses 

 
States had dramatically different numbers of 

respondents, ranging from 1 in Puerto Rico to 

1080 in Pennsylvania, with a large range of total 

 

and average losses. The range in total losses was 

from 2.3 to 71.1, 11.1 to 71.1, and 20.1 to 89.7 % 

for summer, winter, and annual, respectively. Av- 

erage losses ranged from 4.2 to 24.2, 11.1 to 69.1, 

and 24.4 to 72.2 % for summer, winter, and annu- 

al, respectively. Online Resource 2 shows images 

of US maps with the total and average losses 

plotted for each state and the number of winter 

loss respondents. To indicate the distribution of 

multistate beekeepers, we have included the per- 

cent of beekeepers that operate exclusively within 

the state (ranging from 3.2 to 100 %) and the 

percent of colonies that were kept exclusively 

within the state (ranging from 0.04 to 100 %). 

As stated in the methods, beekeepers that manage 

colonies in more than one state were counted in 

each state. Therefore, states with a small percent- 

age of beekeepers operating exclusively inside the 

state require caution when interpreting the results. 

Online Resource 3 summarizes the following for 

each state: number of respondents and colonies, 

number of respondents from each operation type 

in, percent colonies operating exclusively in that 

state, and the summer, winter and annual losses. 

 

 
3.3. Losses by operation type 

 
Response rates to the survey were different for 

the three operation types. For the winter loss data 

subset, 96.0 % of the total number of respondents 

were backyard beekeepers (n =6899), 2.6 % were 
 

Table I. A summary of the three loss periods (summer, winter, and annual) of the self-reported colony loss 

data from 1 April 2013 to 1 April 2014, with the total number of respondents, the total number of colonies 

on each date, the total number of colonies increases (+) and decreases (−), and the total loss and average 

loss for each period (%) [95 % CI]. 

Period Number   Total number of colonies managed on Total loss 
     (%) 

 

Average loss 
(%) 

1 April 
2013 

1 October 
2013 

1 April 
2014 

 
 

Summer loss   5962 397,611    (+186,361)   453,459 – 19.8 
[19.3–20.3] 

15.1 
[14.5–15.7] 

(−18,509) 
Winter loss 7189 – 497,855 (+86,220)   436,759   23.7 

[23.3–24.1] 

 
44.8 

[43.9–45.7] 

(−11,716) 
Annual loss 6105 435,662   (+197,549)   505,003 (+91,993)   453,525   34.1 

[33.6–34.6] 

 
51.1 

[50.2–51.9] 

(−23,270) (−13,440) 
 

 



 

 

 
 

sideline beekeepers (n =186), and 1.4 % were 

commercial beekeepers (n =104). The three differ- 

ent operation types managed very different num- 

bers of colonies. Of the 497,855 colonies man- 

aged on 1 October 2013, the backyard beekeepers 

managed 39,188 colonies (7.9 % of the total num- 

ber of colonies), sideline beekeepers managed 

27,288 colonies (5.5 %), and commercial bee- 

keepers managed 431,379 (86.6 %) (Table II). 

There was a seasonal difference in the total losses 

for sideline and backyard beekeepers: more colo- 

nies died in the winter compared to the summer. 

Winter and summer losses for commercial bee- 

keepers were not different. A visualization of the 

seasonal average losses for each operation type is 

provided in Figure 1. 

There were significant differences in mortality 

among seasons and operation types (statistics 

summarized in Online Resource 4). All beekeeper 

operation types had significantly different average 

annual losses (Kruskal-Wallis χ 2
=39.2306, all 

Mann-Whitney P <0.05), with backyard beekeepers 

having the highest losses and commercial beekeepers 

with the lowest losses (Table II). Comparing the 

average losses across operation types for summer 

and winter, only the winter losses of sideline and 

backyard beekeepers were not different (Kruskal- 

Wallis χ 2=61.6678, Mann-Whitney P =0.064). 

To compare average winter losses of migratory 

to non-migratory beekeepers and beekeepers that 

used colonies to pollinate almonds to those that do 

 

not pollinate almonds, we performed separate 

analyses for sideline and commercial beekeepers 

since the two operation types had significantly 

different  winter  losses  ( Kruskal-Wallis  

χ 2 
=21.6678, Mann-Whitney P <0.0001) 

(Table III). This comparison differs from last 

year’s survey that included both commercial and 

sideline beekeepers (Steinhauer et al. 2014). 

Backyard beekeepers were not included due to 

few being migratory or commercial almond polli- 

nators (1.2 and 0.1 % of backyard beekeepers, 

respectively). The only significant difference 

found was migratory sideline beekeepers which 

had lower losses compared to non-migratory side- 

line beekeepers (Kruskal-Wallis χ 2=7.1623, 

Mann-Whitney P =0.007445). There was no dif- 

ference between migratory and non-migratory in 

commercial groups, but the P value was close to 

0.05 (P =0.065). Losses of sideline beekeepers 

using their colonies to pollinate almond was not 

different than non-pollinator losses, but the P 

value was again close to 0.05 (P =0.060). 

 
3.4. Acceptable winter losses 

 
On average, beekeepers reported that a 19.1 % 

(95 % CI 18.6–19.5 %) winter loss was accept- 

able. Separated by operation type, commercial 

beekeepers had the lowest self-reported average 

acceptable winter loss of 16.8 % (95 % CI 14.5– 

19.2 %), sideline beekeepers reported an average 

 

Table II. Average and total losses by operation type (total and average loss (%) [95 % CI]), including the number of 

operations included in each analysis, the number of colonies at the beginning of the specified analysis period, and the 

relative percent of colonies in the respondent pool run by each operation type. 
 

Period Operation 

type 

Number No. of colonies 

(start) 

% Colonies 

(start) 

Total loss (%) 

[95 % CI] 

Average loss (%) 

[95 % CI] 

Summer loss Backyard 5695 26,903 6.8 20.1 [19.4–20.8] 15.1 [14.5–15.7] 

 Sideline 164 18,357 4.6 19.1 [15.8–22.6] 12.5 [10.0–14.9] 

 Commercial 103 352,351 88.6 19.8 [16.6–23.4] 18.7 [15.7–21.7] 

Winter loss Backyard 6899 39,188 7.9 43.6 [42.8–44.3] 45.3 [44.4–46.2] 

 Sideline 186 27,288 5.5 35.5 [31.8–39.4] 38.9 [34.9–42.8] 

 Commercial 104 431,379 86.6 21.3 [18.6–24.2] 22.7 [19.6–25.8] 

Annual loss Backyard 5815 27,738 6.4 52.0 [51.2–52.8] 51.6 [50.7–52.5] 

 Sideline 180 19,470 4.5 44.6 [40.6–48.7] 44.5 [40.5–48.4] 

 Commercial 110 388,454 89.2 32.1 [29.1–35.2] 32.6 [29.4–37.5] 



 

 

 
 

 
 

Figure 1. A comparison of the average (%) summer (1 April 2013 to 1 October 2013), winter (1 October 2013 to 1 

April 2014), and annual (1 April 2013 to 1 April 2014) losses (with 95 % CI) of the three beekeeping operation types 

(backyard, sideline, and commercial). 

 

 

Table III. Results of a Kruskal-Wallis rank-sum test and followed-up by a Mann-Whitney test used to compare the 

average winter losses (%) [95 % CI] among commercial and sideline operations that do or do not take their colonies 

to pollinate almonds in California, and beekeepers that are migratory (moved their bees at least once during the past 

year) to those that are not. 
 

Operation 
type 

Factor Selection Number Average winter loss 
(%) [95 % CI] 

Kruskal-Wallis 
chi-squared 

P value 

Commercial Almond pollination No 22 27.6 [19.3–35.9] 1.5348 0.2154 

  Yes 76 22.1 [18.7–25.4]   
 Migratory No 22 29.5 [21.5–37.5] 3.3969 0.0653 

  Yes 76 21.5 [18.2–24.9]   
Sideline Almond pollination No 151 40.2 [35.8–44.6] 3.5249 0.0605 

  Yes 27 30.7 [20.5–40.9]   
 Migratory No 135 41.7 [37.1–46.3] 7.1623 0.0075* 

  Yes 43 29.5 [21.7–37.4]   

*P <0.05, significant 



acceptable loss of 18.4 % (95 % CI 16.2–20.6 %), 

and backyard beekeepers had the highest level of 

19.1 % (95 % CI 18.7–19.6 %). The self-reported 

acceptable winter loss ranged from 0 to 100 %. 

We compared  each  beekeeper’s  actual winter 

losses to the loss they reported as acceptable and 

found that 2447 beekeepers (34.0 % of respon- 

dents) had a winter loss that they considered to be 

acceptable, and 4742 beekeepers (66.0 % of re- 

spondents) exceeded the winter loss they consid- 

ered acceptable. Beekeepers that were below their 

self-reported acceptable winter loss had an aver- 

age winter loss of 2.3 % (95 % CI 2.1–2.5 %). 

Beekeepers that exceeded what they deemed an 

acceptable loss had an average winter loss of 

66.7 % (95 % CI 65.9–67.5). 

Beekeepers that reported that their winter 

losses compared to last year were lower, same, 

higher, no bees, or do not know lost had average 

losses of 19.6 % (95 % CI 18.4–20.7), 38.6 % 

(95 % CI 36.6–40.7), 66.5 % (95 % CI 65.3–

67.7), 44.0 % (95 % CI 41.4–46.5), or 29.5 % 

(95 % CI 24.5–34.4) of their colonies, respective- 

ly (Table IV). All loss level groups had signifi- 

cantly different loss averages except for the com- 

parison between the Bsame loss^ and Bdo not 

know^ groups  (Kruskal-Wallis  χ 2=1543.264,

df =4, P <0.0001; all Mann-Whitney P <0.05, ex- 
cept comparison between Bsame loss^ and Bdo not 
know^). 

3.5. Self-reported causes of winter loss 

In the winter loss data subset, a total of 4903 

beekeepers (4635 backyard, 172 sideline, and 96 

commercial beekeepers) had losses and reported 

at least one cause of death. The selected causes of 

death in order were poor wintering conditions 

(n =2237), starvation (n =1774), weak in the fall 

(n =1610), queen failure (956), do not know 

(921), Varroa  destructor  (n =836),  other 

(n =455), pesticides (n =325), CCD (n =324), 

Nosema spp.  (n =261),  small  hive  beetle 

(n =250), and disaster (n =100). Common causes 

of death written in the Bother^ category were 

wasps (n =59), ventilation/moisture (n =48), wax 

moth (n =46), swarming (n =41), and  robbing 

(n =38). The relative frequency of responses was 

separated by operation type to show the relative 

frequency of the selection of each cause of death 

(Figure 2). For both backyard and sideline bee- 

keepers, the top three self-reported causes of col- 

ony death in order were poor wintering condi- 

tions, starvation, and weak colonies. Commercial 

beekeepers chose queen failure, V. destructor , and 

pesticides. Beekeepers that reported losing colo- 

nies to poor wintering conditions, CCD, or did not 

know reported losing more bees than those who 

did  not  report  those  causes  (Kruskal-Wallis 

χ 2=286.5315, 4.2501, and 31.2649, respectively,

with all Mann-Whitney P <0.05). Beekeepers that 

reported  losing  colonies  to  queen  failure, 

V. destructor , weak in the fall, or Bother^ had 

fewer loses compared to beekeepers that did not 

report those causes (Kruskal-Wallis χ 2=151.9933,

26.234, 44.018, and 5.0879, respectively, with all 

Mann-Whitney P <0.05). Results and statistics are 

summarized in Online Resource 5. 

For the question that asked for if colonies that 
died over the winter had the symptom Bwithout 

dead bees in the hive or apiary,^ there were a total 

of 4907 valid responses with 1455 beekeepers 

reporting having at least one colony that died with 

the symptom and 3452 reporting the absence of 

this symptom. We estimate that 46,765 colonies 

died with this symptom or 34.5 % of the total 

colonies that died over the winter. This number 

was estimated using the number of beekeepers 

reporting the symptom, the percent at which they 

reported the symptom, and the number of colonies 

that died over the winter in those beekeepers’

operations. Beekeepers that reported the symptom 

did not have higher losses than those that did not 

report the symptom (Kruskal-Wallis χ 2=2.3436,

Mann-Whitney P =0.1258). Commercial bee- 

keepers were 2.9 times more likely to report the 

symptom compared to backyard beekeepers 

(Pearson’s χ 2=197.3449, df =2, P <0.0001).

4. DISCUSSION

This is the eighth in a series of surveys 

estimating annual US colony winter losses 

since  2006–2007  (vanEngelsdorp  et  al.  2007, 

2008,  2010,  2011,  2012;  Spleen  et  al.  2013; 

Steinhauer et al. 2014) and the second year to 

report annual and  summer  losses  (Steinhauer 

et al. 2014). While the results showed a lower 



Table IV. Comparison of the responses to the survey question BWas your winter loss this year higher or lower than 

last year?^ 

Winter loss 
level 

No. of backyard 
beekeepers 

No. of sideline 
beekeepers 

No. of commercial 
beekeepers 

Average winter loss (%) 
[95 % CI] 

Lower 1,604 64 34 19.6 [18.4–20.7] 

Same 1,351 24 20 38.6 [36.6–40.7] 

Higher 2,426 82 38 66.5 [65.3–67.7] 

No bees 1,083 2 0 44.0 [41.4–46.5] 

Do not know 142 5 5 29.5 [24.5–34.4] 

The number of respondents in each operation type is provided, along with the overall average winter loss (%) [95 % CI] for each 

possible response 

total winter loss, the average winter loss was 

among the highest of all the surveys,  with a 

large difference in winter losses among opera- 

tion types. This year, the survey respondents 

reported one of the highest acceptable winter 

loss levels; however, 66 % of beekeepers still 

exceeded their level of acceptable loss. Sum- 

mer losses were considerable, emphasizing that 

surveys should measure annual losses to esti- 

mate colony mortality. 

4.1. Average and total losses 

This year’s total winter loss of 23.7 % was 

similar to the lowest winter loss in the 8-year survey 

set of 22.5 % in 2011–2012 (Spleen et al. 2013). 

Even with this year of lower loss, the average total 

winter loss of all the US surveys is 29.4 %. This 

year’s average winter loss of 44.8 % was the same 

as the highest average winter loss of the previous 

seven surveys of 44.8 % that occurred in 2012–

Figure 2. The relative frequency of the most prominent causes of colony winter mortality as chosen by the survey 

respondents and separated by operation type (backyard, sideline, and commercial). Respondents were able to choose 

more than one cause of death. SHB small hive beetle, CCD colony collapse disorder, DK do not know, Disaster 

natural disaster and alike (e.g. flood and bear). 



 

 

 
 

2013 (Steinhauer et al. 2014). In other countries, 

beekeepers are also having high winter losses. In 

2008–2009, losses ranged from 6.3 to 21.7 % for 

Austria, Belgium, Denmark, Germany, Ireland, Ita- 

ly, Netherlands, Norway, Poland, Sweden, Switzer- 

land, and the UK (van der Zee et al. 2012). The 

following year in 2009–2010, losses were higher 

for all the countries polled with a range from 8.0 to 

37.8 % (van der Zee et al. 2012). Caution needs to 

be used when making this comparison as these 

losses do not all have a standard winter loss time 

frame. Instead, beekeepers were asked to define the 

winter period on their own, as compared to US 

survey that defined Bwinter^ as the 6-month period 

between 1 October and 1 April. High winter losses 

(20–50 % total losses) have also been reported in 

other years in Italy (Mutinelli et al. 2010), Denmark 

(Vejsnæs et al. 2010), Austria and South Tyroll 

(Brodschneider et al. 2010), Scotland (Gray et al. 

2010), England (Aston 2010), Israel (Soroker et al. 

2010), Switzerland (Charrière and Neumann 2010), 

and South Africa (Pirk et al. 2014). Not all losses 

have been high. Moderate winter losses of about 

10 % have been reported in Bulgaria (Topolska 

et al. 2010) and Norway (Dahle 2010). Low losses 

(under 5 %) have been reported in China and 

various other regions within countries (van der 

Zee et al. 2012). 

As demonstrated  by the 2012–2013 survey 

(Steinhauer et al. 2014), winter losses alone do 

not provide the full picture of yearly colony mor- 

tality. Many regions within the US lack a temper- 

ate winter, so losses that occur may not have to do 

with winter. In 2012–2013, the total winter losses 

were 30.6 %, with a 25.3 % total summer loss, and 

a 45.2 % annual total loss. If losses were not 

assessed over the full year,  the winter losses 

would have grossly underestimated the total year- 

ly mortality. Summer losses in other regions have 

been low (under 5 %) (Dahle 2010; Gray et al. 

2010; Peterson et al. 2010; van der Zee 2010), or 

higher and varied by region and year (Gray et al. 

2010; Mutinelli et al. 2010). 

 
4.2. State losses 

 
The USA has a varied climate range that 

likely affects the loss rate in the different 

states,  especially  for  stationary  beekeepers. 

 

The winter in the Midwest in  2013–2014 

was one of  the  coldest  on  record  and  could 

be reflected in the highest loss averages re- 

corded in that region. However, the Midwest 

region tends to have a higher average winter 

loss in other years  as well (Steinhauer et  al. 

2014), which may indicate the importance of 

preparing colonies for winter. Correlating 

losses with US weather data should  be  fur- 

ther investigated. Participation levels varied 

widely from  state  to  state,  which  could  lead 

to bias in loss calculations at the state level. 

This phenomenon is  not  unique  to  the  USA, 

as other researchers have seen this high level 

of variation among regions within and among 

other countries (van der Zee et al. 2012). 

 
4.3. Losses by operation type 

 
While commercial beekeepers manage 

many colonies and move  their  bees,  they  do 

not appear to have higher losses than the other 

two beekeeper groups. In this survey, com- 

mercial beekeepers had lower winter and an- 

nual losses. In the previous US surveys, com- 

mercial beekeepers either had the same level 

of winter loss (vanEngelsdorp et al. 2007, 

2008, 2012; Spleen et al. 2013) or significant- 

ly lower losses (vanEngelsdorp et al. 2010, 

2011; Steinhauer et al. 2014) than backyard 

beekeepers. Sideline beekeepers were not dif- 

ferent from commercial or backyard bee- 

keepers in the rest of the survey years, except 

for 2012–2013 when losses were higher than 

commercial beekeeper losses and lower than 

backyard beekeepers losses (Steinhauer et al. 

2014) and in 2009–2010 when losses were 

higher than commercial beekeeper losses 

(vanEngelsdorp et al. 2011). This trend of 

lower losses for  larger  operation  extends  out 

of the USA. A survey of 19 mostly European 

countries also found that the larger operations 

(150 colonies or more) had significantly lower 

losses than the smaller operations  (van  der 

Zee et al. 2014). 

The dramatic difference between the total 

winter loss of 23.7 % and the average winter 

loss of 44.8 % was largely  due  to  the  total 

loss  being more reflective of the commercial 



 

 

 

 

losses and the average loss reflecting the 

backyard beekeeper losses. Commercial bee- 

keepers have the majority of colonies and 

more influence over the total loss, and back- 

yard beekeepers are the majority of the survey 

respondents and have more influence over the 

average loss calculations. Commercial bee- 

keepers are generally migratory and keep their 

bees out of the temperate zones in winter. In 

addition, backyard beekeepers may be less 

willing to treat their bees for V. destructor , 

which could result in high winter losses 

(Dainat et al. 2012b; Le Conte et al. 2010; 

vanEngelsdorp and  Meixner  2010). 

In this survey and all previous US sur- 

veys, beekeepers that are migratory or use 

their colonies to pollinate almonds had equal 

or lower losses  compared  to  beekeepers  that 

do not do  these  practices  (vanEngelsdorp 

et  al.  2007,  2008,  2010,  2011,  2012;  Spleen 

et al. 2013; Steinhauer et al. 2014). These 

results suggest that moving colonies or polli- 

nating almonds does  not  increase  the  chance 

of mortality as some have suggested. In fact, 

there may be a benefit associated with polli- 

nating almonds or the management practices 

employed by beekeepers that pollinate al- 

monds better protect  colonies.  This  may  not 

be applicable to other countries, especially if 

the causes of mortality are different, as a 

survey in South Africa found higher losses 

among the migratory beekeepers (Pirk et al. 

2014). 

 
4.4. Acceptable winter losses 

 
Even though this year’s total winter losses 

were lower than  the  previous  7-year  average 

of 30 % total winter loss, 66 % of survey 

respondents still had losses higher than the 

average 19 % loss they reported as accept- 

able. This 19 % acceptable loss was the 

highest reported acceptable loss of all the past 

US  surveys,  although  it  was  similar  to  the 

17.6 % acceptable loss reported in 2008– 

2009 (vanEngelsdorp et al. 2010). Otherwise, 

the previous acceptable loss range reported 

from  2009–2010  to  2012–2013  ranged  from 

13.2  to  14.6  %  (vanEngelsdorp  et  al.  2011, 

 

2012; Spleen et al. 2013; Steinhauer et al. 

2014). This higher reported level of  accept- 

able loss could be due in part to influence of 

the media focusing on high honey bee colony 

losses or to beekeepers becoming more accus- 

tomed to higher losses. For comparison, the 

acceptable average winter colony loss was 

reported to be 10 % in both Switzerland 

(Charrière and Neumann 2010) and Germany 

(Genersch et al. 2010), and 12 % for  Den- 

mark (Vejsnæs et al. 2010). 

 
4.5. Self-reported causes of winter loss 

 
Beekeepers were asked to choose  the  fac- 

tors that had the greatest effect on their col- 

ony death over the winter. In previous US 

surveys, the most common causes of colony 

death reported by beekeepers were queen 

failure, V. destructor , starvation,  weak  in 

the fall, pesticides, poor wintering conditions, 

and CCD (vanEngelsdorp et al. 2007, 2008, 

2010,   2011,   2012;   Spleen   et   al.   2013; 

Steinhauer et al. 2014). In this survey, back- 

yard and sideline beekeepers both chose poor 

wintering conditions, starvation and weak 

colonies, in that order. Commercial bee- 

keepers chose queen failure, V. destructor , 

pesticides, and CCD, in that order. The 

ranked list of causes of death for commercial 

beekeepers was identical to the ranked list of 

causes of death for commercial beekeepers in 

2012–2013 (Steinhauer et al. 2014). In 2012– 

2013, the backyard beekeepers chose weak, 

starvation, and that they did not know 

(Steinhauer et al. 2014). Poor winter was 

ranked sixth in 2012–2013. The high ranking 

of poor winter this year could point to a 

driver of high colony mortality in temperate 

zones; however, the backyard average  winter 

loss in 2012–2013 (45.4 %) was very similar 

to the backyard average winter loss in 2013– 

2014 (45.3 %). Further  investigation into the 

regional differences in colony loss could 

shed  light  on  this  apparent  discrepancy. 

The survey question asking for  a  percent- 
age of colonies that are Blost without  dead 

bees  in  the  hive  or  apiary^ is a  proxy  ques- 

tion  for  CCD  as  it  is  one  of  the  classically 



 

 

 
 

described symptoms (vanEngelsdorp et al. 

2009). In previous US surveys, beekeepers 

reporting that at least  one  colony  died  with 

the CCD symptom lost significantly more 

colonies compared to beekeepers  that  did 

not report losing colonies with the symptom. 

However, this year beekeepers that  reported 

the CCD symptom did not  have  higher 

losses.  Interestingly,  when  asked  directly  if 

a cause of loss was CCD, beekeepers 

selecting CCD  had  higher  losses  compared 

to beekeepers that did not select CCD as  a 

cause of death. This could be  due  to  confu- 

sion of the definition of CCD, which  may 

have been caused in part by the high media 

attention. In Europe, beekeepers that reported 

losing colonies with no dead  bees  present 

lost more colonies than those beekeepers that 

did not report  the  symptom  (van  der  Zee 

et  al.  2014). 

 
4.6. Potential sources of bias 

 
There are a few potential sources of bias that 

could affect the results of this survey. One source 

could be that the survey was not random as de- 

scribed by van der Zee et al. 2013, which may 

result in bias in the type of respondents. Bee- 

keepers with access to a computer and those that 

are more Internet-literate may be a larger portion 

of our respondents. To help compensate for the 

potential bias, we mailed paper surveys to every 

registered commercial beekeeper in the USA and 

any beekeeper that requested a paper copy. We 

also widened our respondent pool by providing 

information in beekeeping journals, a beekeeping 

supply company, and at meetings. 

Bias could be introduced through the location 

and type of the respondents. Some regions had a 

lower number of respondents, which could bias the 

results. In future surveys an emphasis should be 

made on recruiting more beekeeper participants 

from areas with low respondents, like Puerto Rico 

where there was only a single voice, to decrease the 

state-to-state response bias. Differences among this 

survey and previous surveys could be due to a 

difference in the respondent pool. Fewer commer- 

cial beekeepers participated in this year’s survey 

(n =112, 1.5 % of respondents) compared to last 

 

year (n =135, 2.1 % of respondents) (Steinhauer 

et al. 2014). This could influence the estimation of 

total losses. There is a possibility that beekeepers 

with higher losses were more likely to take the time 

to do the survey. This year had one of the lowest 

total colony losses, meaning that it is unlikely that 

commercial beekeepers that had high losses were 

more likely to respond. However, this survey also 

had one of the highest average losses, which could 

mean that backyard beekeepers with higher losses 

were more likely to fill out the survey. This could 

result in bias in the reported average losses. 

There is a possibility for bias as different 

respondents could interpret the survey differ- 

ently  or  if  they  had  poor  recollection  of  the 

past. There was no definition  for  the  poten- 
tial cause of death Bweak in the fall^ or 
Bpoor  winter,^ which  could  lead  to  differ- 

ences in interpretation. The survey was de- 

signed to ask questions about the number of 

living colonies a beekeeper has on a specific 

date  and  not  about  the  number  of  colonies 

that  died.  The  definition  of  a  Bliving^ was 

provided, but there may be beekeepers that 

interrupted the definition of Bliving^ differ- 

ently. For example, if a colony had a  very 

small  population  or  no  queen,  a  beekeeper 

may consider it to be not living since the 

chances of survival are small. Results of the 

survey could also be altered by recall bias, as 

the survey asked beekeepers to remember the 

past. 

 
4.7. Conclusions 

 
This study highlights the benefits of 

performing multiyear surveys to better under- 

stand yearly trends. It also demonstrates the 

importance of considering the individual oper- 

ation types separately and reporting annual and 

season-specific losses to best represent the col- 

ony losses of the beekeeping industry. Even in 

a relatively low winter loss  year,  beekeepers 

still lost 34 % of their colonies over the full 

year. Last year, beekeepers lost close to 45 % 

of their colonies over the full year (Steinhauer 

et al. 2014). Total winter  losses  were  lower 

this year, but beekeepers are still experiencing 

unacceptably high losses. 
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Online Resource 1. Survey questions used to determine the winter, summer and annual 

losses from 1 April 2013 to 1 April 2014. The allowed entries are included below each 

question. A required response is indicated by a “*.” Definitions for a “colony,” “living” 

colonies and “increases” were provided with the appropriate questions as the following: a 

colony is a queen right unit of bees that include full size colonies and queen right nucs 

(do not include mating nucs); “living” means alive on that date, independent of future 

prospects; and “increases” include successfully hived swarms and/or feral colonies. 

 

 

1. In what state(s) did you keep your colonies in between April 2013 - April 

2014?* 

Multiple choice with multiple selections allowed of all US 

states, or "Other" category with open entry 
2. How many living colonies did you have last spring on April 1, 2013?* 

Numeric (integer) open entry 

3. How many colonies, splits, and/or increases did you make / buy between 

April 1, 2013 and October 1, 2013?* How many colonies, splits, and/or 

increases did you sell or give away between April 1, 2013 and October 1, 

2013?* 

Numeric (integer) open entry 

4. How many colonies, splits, and/or increases did you sell or give away 

between April 1, 2013 and October 1, 2013?* 

Numeric (integer) open entry 

5. How many living colonies did you have on October 1, 2013?* 

Numeric (integer) open entry 

6. How many colonies, splits, and/or increases did you make / buy between 

October 1, 2013 and April 1, 2014?* 

Numeric (integer) open entry 

7. How many colonies, splits, and/or increases did you sell / give away between 

October 1, 2013 and April 1, 2014?* 

Numeric (integer) open entry 

8. How many total living colonies (overwinter surviving colonies plus purchase 

or splits) did you have on April 1, 2014?* 

Numeric (integer) open entry 

9. What was the largest number of living colonies you owned between April 1, 

2013 and April 1, 2014? 

Numeric (integer) open entry 

10. What was the smallest number of living colonies you owned between April 1, 

2013 and April 1, 2014? 

Numeric (integer) open entry 

11. You indicated you had ###### colonies alive on April 1, 2013. How many of 

those specific colonies were still alive on October 1, 2013? 

Numeric (integer) open entry 

12. You indicated you had ###### colonies alive on October 1, 2013. How many 

of those specific colonies were still alive on April 1, 2014? 

Numeric (integer) open entry 



 

 

 
 

13. What percentage of loss, over the winter, would you consider acceptable? 

Percentage with value between 0-100 

14. Was your winter loss this year higher or lower than last year? 

Single choice entry with the following possible choices: Higher, 

Lower, Same, Unsure, Did not keep bees last year 

15. What percentage of the colonies that died over the winter (between October 

1, 2013 and April 1, 2014) were lost without dead bees in the hive or apiary? 

Percentage with value between 0-100 

16. In your opinion, what factors were the most prominent cause (or causes) of 

colony death in your operation between October 1, 2013 and April 1, 2014? 

Multiple choice with multiple selections allowed of the 

following answers: I did not experience any winter loss, Queen 

failure, Starvation, Varroa mites, Nosema disease, Small Hive 

Beetles, Poor wintering conditions, Pesticides, Weak in the fall, 

Colony Collapse Disorder, Natural disaster and alike (ex: flood, 

bear, …), Don't know, Other to specify (open entry) 

17. Did you move any of your colonies last year (between April 1, 2013 and 

April 1, 2014) at least once across state lines?* 

Single choice of Yes or No 

18. In what zip or postal code is your operation based? 

Numeric open entry 

19. What percentage of your hives did you send to or move into California 

almond orchards for pollination in 2014? 

Percentage with value between 0-100 

20. Approximately what percentage of your operation moved across state lines at 

least once between April 1, 2013 and April 1, 2014? 

Percentage with value between 0-100 

21. Please indicate in which states you kept bees for the months listed. 

Multiple choice, with multiple selections allowed of the 

following: all states, all months 

22. On December 31, 2013, please list the number of colonies you had in each 

state. 

Numeric (integer) entry, 1 per state 



 

 

Online Resource 2. US maps of the total losses (%) and average losses (%) by state for: (a) total 

summer losses (%), (b) average summer losses (%) by state, (c) total winter losses (%), (d) 

average winter losses (%), (e) total annual losses (%), (f) average annual losses (%). The map of 

the number of winter loss respondents by state is shown in (g). Colonies owned by beekeepers 

operating in multiple states are counted in all states in which the beekeeper reported having 

colonies. Results from states with fewer than five respondents are not shown. 
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Online Resource 3. US state estimates of total and average losses for summer, winter and annual (% [95% CI]). Included are the numbers of 

beekeeper operations reporting for each state (BK = beekeeper, N/A=not applicable). If a state had fewer than five respondents, the losses are 

not shown to protect the identity of the respondents. Estimates of the total number of colonies and total and average losses are calculated 

using the USDA-NASS method of counting colonies of multi-state beekeepers where colonies are counted multiple times, once for each state 

in which the beekeeper reported keeping bees during the monitoring period. Percent beekeepers and colonies operating exclusively within a 

state are included. 
 

 Summer Loss Winter Loss Annual Los s 

  
n (# of Total # of 

opera5 colonies 

tions)      (04/2013) 

 
Total Loss 

mean 

[95%CI] 

 
Average 

Loss mean 

[95%CI] 

 
n (# of 

opera5 

tions) 

n 

Back5 

yard 

BK 

n 

Side5 

line 

BK 

n 

Comm5 

ercial 

BK 

 
% BKs 

exclusively 

in state 

 
Total # of 

colonies 

(10/2013) 

 
% colonies 

exclusively 

in state 

 
Total Loss 

mean 

[95%CI] 

 
Average 

Loss mean 

[95%CI] 

 
n (# of 

opera5 

tions) 

 
Total Loss 

mean 

[95%CI] 

 
Average 

Loss mean 

[95%CI] 

US 5,962 397,611 
19.8 

[19.3520.3] 
15.1 

[14.5515.7] 
7,189 6,899 186 104 N/A 497,855 N/A 

23.7 
[23.3524.1] 

44.8 
[43.9545.7] 

6,105 
34.1 

[33.7534.6] 
51.1 

[50.2552.0] 

STATE:    
 

Alabama 
 

35   

599 
54 13.6  

38 
 

37 
 

1 
 

0 
 

94.7 
 

345 
 

74.5 
11.2 20.8  

35 
43.1 31.3 

   
[43.1-64.7] [64.7-13.6] 

       [6.2-18] [18-20.8]  [38.9-47.4] [47.4-31.3] 

Alaska 3  . 
. . 

5 5 0 0 . . . 
. . 

4 
. . 

Arizona 6  204 
21.4 23.6 

6 5 1 0 83.3 362 98.3 
34.5 22 

6 
48.4 24.4 

   
[17.2-25.9] [25.9-23.6] 

       [21.1-49.9] [49.9-22]  [36-60.9] [60.9-24.4] 

Arkansas 61 6, 713 
17 19.9 

74 69 3 2 94.6 8,676 7.8 
16.1 32.7 

64 
29.3 38.6 

   
[15.5-18.5] [18.5-19.9] 

       [13.5-18.8] [18.8-32.7]  [26.7-31.9] [31.9-38.6] 

California 269 294,045 
17.8 20.4 

292 187 28 77 68.2 391,481 8.9 
20.7 32.4 

275 
31 42.4 

   
[16.2-19.5] [19.5-20.4] 

       [19.1-22.4] [22.4-32.4]  [29.3-32.7] [32.7-42.4] 
 

Colorado 
 

179 
 

4 
 

2,715 
11.3 15  

224 
 

. 
 

. 
 

. 
 

97.8 
 

68,982 
 

1.2 
17.8 35.4  

183 
27.1 44.7 

   
[10.9-11.7] [11.7-15] 

       [17.3-18.3] [18.3-35.4]  [26.5-27.6] [27.6-44.7] 

Connec5 

ticut 

 

66 
 

1, 
 

295 
70.3 

[59.2-80] 

14.1 

[80-14.1] 

 

77 
 

73 
 

4 
 

0 
 

90.9 
 

816 
 

68.3 
39.4 

[33.6-45.5] 

48.2 

[45.5-48.2] 

 

67 
78.7 

[71-85.2] 

53.5 

[85.2-53.5] 
 

Delaware 
 

22 
 

1 
 

2,097 
33.2 20.6  

28 
 

. 
 

. 
 

. 
 

78.6 
 

10,160 
 

0.7 
25.2 37.6  

23 
42.9 46.5 

   
[31.9-34.4] [34.4-20.6] 

       [24.1-26.3] [26.3-37.6]  [42.1-43.7] [43.7-46.5] 

District of 

Columbia 

 

6   

110 
50 

[41.3-58.7] 

11.8 

[58.7-11.8] 

 

8 
 

7 
 

1 
 

0 
 

62.5 
 

192 
 

9.9 
70.7 

[54-84.3] 

37.9 

[84.3-37.9] 

 

6 
85.7 

[68.7-95.7] 

38.5 

[95.7-38.5] 
 

Florida 
 

170 
 

5 
 

2,965 
23.9 19.8  

165 
 

137 
 

9 
 

19 
 

82.4 
 

50,493 
 

7.2 
21.2 25.9  

167 
34.7 35.9 

   
[21.4-26.4] [26.4-19.8] 

       [19.2-23.4] [23.4-25.9]  [32.2-37.3] [37.3-35.9] 
 

Georgia 
 

102 
 

1 
 

4,949 
27.3 19.1  

107 
 

95 
 

6 
 

6 
 

87.9 
 

12,352 
 

12.4 
25.9 31.8  

101 
35.7 42.5 

   
[24.2-30.6] [30.6-19.1] 

       [21.9-30.3] [30.3-31.8]  [31.2-40.5] [40.5-42.5] 



 

 

 

 

 

 

 Summer Loss Winter Loss Annual Los s 

  
n (# of Total # of Total Loss 

opera5 colonies  mean 

tions) (04/2013) [95%CI] 

 
Average 

Loss mean 

[95%CI] 

 
n (# of 

opera5 

tions) 

n 

Back5 

yard 

BK 

n 

Side5 

line 

BK 

n 

Comm5 

ercial 

BK 

 
% BKs 

exclusively 

in state 

 
Total # of 

colonies 

(10/2013) 

 
% colonies 

exclusively 

in state 

 
Total Loss 

mean 

[95%CI] 

 
Average 

Loss mean 

[95%CI] 

 
n (# of 

opera5 

tions) 

 
Total Loss 

mean 

[95%CI] 

 
Average 

Loss mean 

[95%CI] 

Hawaii 67 1 
14.5 

1,804 
14.7 

75 . . . 98.7 13,511 48.2 
13.2 15.1 

68 
24.9 26.1 

  
[12.8-16.4] [16.4-14.7] 

       [11.1-15.5] [15.5-15.1]  [21.9-28.1] [28.1-26.1] 

Idaho 34 8 
16.5 

1,574 
15.6 

41 22 2 17 61.0 96,469 8.4 
13.4 25.2 

37 
26.4 32.9 

  
[12.9-20.6] [20.6-15.6] 

       [11.6-15.2] [15.2-25.2]  [22.6-30.4] [30.4-32.9] 

Illinois 127  8.4 
973 

13.6 
159 155 3 1 96.2 2,438 47.5 

60.5 59.6 
135 

62.5 66.1 

  
[6.3-10.9] [10.9-13.6] 

       [57.4-63.4] [63.4-59.6]  [59.5-65.5] [65.5-66.1] 

Indiana 179 2, 
15.1 

919 
12.4 

216 210 5 1 96.8 3,713 49.0 
33.1 64.5 

183 
41.5 68.6 

  
[13-17.5] [17.5-12.4] 

       [28.6-37.9] [37.9-64.5]  [36.9-46.2] [46.2-68.6] 
 

Iowa 
 

55  39.5 
818 

10.8  

61 
 

57 
 

4 
 

0 
 

96.7 
 

1,257 
 

83.2 
50.2 51.9  

55 
70.5 59.2 

  
[30.3-49.3] [49.3-10.8] 

       [42.9-57.6] [57.6-51.9]  [62.7-77.7] [77.7-59.2] 
 

Kansas 
 

38  10.5 
365 

12.1  

43 
 

41 
 

2 
 

0 
 

95.3 
 

575 
 

64.5 
44 37  

40 
49 39.7 

  
[6.7-15.5] [15.5-12.1] 

       [35.3-53] [53-37]  [40.2-57.8] [57.8-39.7] 
 

Kentucky 
 

96 
 

1, 
12.8 

097 
16.5  

112 
 

105 
 

7 
 

0 
 

96.4 
 

1,500 
 

73.0 
36.8 42.3  

99 
45.2 50.6 

  
[9.4-16.8] [16.8-16.5] 

       [32.4-41.4] [41.4-42.3]  [40.5-49.9] [49.9-50.6] 
 

Louisiana 
 

23 
 

7, 
17.8 

802 
12.8  

22 
 

19 
 

1 
 

2 
 

95.5 
 

9,276 
 

24.5 
16 24.5  

22 
30 31.4 

  
[17-18.7] [18.7-12.8] 

       [13.7-18.5] [18.5-24.5]  [27.6-32.4] [32.4-31.4] 
 

Maine 
 

141 
 

2 
23.1 

7,162 
8.3  

166 
 

160 
 

2 
 

4 
 

96.4 
 

29,096 
 

3.6 
26.9 40  

142 
41.2 46.5 

  
[20.3-26] [26-8.3] 

       [25.5-28.4] [28.4-40]  [38.8-43.6] [43.6-46.5] 
 

Maryland 
 

158 
 

1 
31.9 

3,252 
18.1  

192 
 

187 
 

3 
 

2 
 

93.2 
 

11,871 
 

13.4 
26.7 42.2  

162 
43.8 51.7 

  
[30.6-33.1] [33.1-18.1] 

       [25.2-28.1] [28.1-42.2]  [42.5-45.2] [45.2-51.7] 

Massachu5 

setts 

 

151 
 

7, 
2.5 

463 
[1.4-4.1] 

16 

[4.1-16] 

 

196 
 

190 
 

4 
 

2 
 

95.4 
 

10,490 
 

18.2 
25.4 

[23.1-27.8] 

52.2 

[27.8-52.2] 

 

155 
26.7 

[24.2-29.3] 

56.9 

[29.3-56.9] 
 

Michigan 
 

339 
 

2 
19 

2,706 
13  

460 
 

439 
 

12 
 

9 
 

97.0 
 

24,523 
 

19.7 
30.6 69.5  

357 
39.5 72.2 

  
[17.3-20.9] [20.9-13] 

       [28.6-32.7] [32.7-69.5]  [37.3-41.8] [41.8-72.2] 

Minne5 

sota 
95 6 

14.4 
9,640 

[12.8-16.2] 

17.4 

[16.2-17.4] 
138 123 6 9 91.3 95,626 2.7 

22 

[20.2-23.9] 

57.1 

[23.9-57.1] 
99 

30 

[28-32.1] 

63.2 

[32.1-63.2] 

Mississ5 

ippi 
26 7 

25.2 
0,611 

[16.1-36.2] 

17.9 

[36.2-17.9] 
23 15 2 6 65.2 85,643 0.3 

21 

[18.8-23.2] 

26 

[23.2-26] 
24 

37.9 

[31.8-44.3] 

37.9 

[44.3-37.9] 

Missouri 83 1, 
10.4 

137 
17.5 

97 93 4 0 96.9 1,396 83.4 
34.4 32.3 

89 
35.2 41.6 

  
[8.1-13.1] [13.1-17.5] 

       [29.7-39.4] [39.4-32.3]  [30.1-40.6] [40.6-41.6] 

Montana 23 2 
10.4 

5,793 
13.6 

28 22 1 5 75.0 28,378 0.4 
12.9 24.7 

23 
21.6 35.3 

  
[9-11.9] [11.9-13.6] 

       [10.1-16.2] [16.2-24.7]  [18-25.5] [25.5-35.3] 
 

Nebraska 
 

11 
 

5 
10.5 

3,652 
22  

15 
 

12 
 

1 
 

2 
 

80.0 
 

79,237 
 

0.1 
17.9 57.7  

13 
26.5 62.3 

  
[8.4-12.9] [12.9-22] 

       [16.2-19.6] [19.6-57.7]  [23.9-29.2] [29.2-62.3] 



 

 

 

 

 

 

 Summer Loss Winter Loss Annual Los s 

  
n (# of 

opera5 

tions) 

 
Total # of 

colonies 

(04/2013) 

 
Total Loss 

mean 

[95%CI] 

 
Average 

Loss mean 

[95%CI] 

 
n (# of 

opera5 

tions) 

n 

Back5 

yard 

BK 

n 

Side5 

line 

BK 

n 

Comm5 
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BK 

 
% BKs 
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Total # of 

colonies 
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in state 

 
Total Loss 

mean 

[95%CI] 

 
Average 

Loss mean 

[95%CI] 

 
n (# of 

opera5 

tions) 

 
Total Loss 

mean 

[95%CI] 

 
Average 

Loss mean 

[95%CI] 

Nevada 12   24 
4.7 4.2 

12 10 2 0 75.0 625 11.7 
32.2 38.8 

12 
35.1 41 

    
[2.5-8] [8-4.2] 

       [23.7-41.6] [41.6-38.8]  [26.1-44.9] [44.9-41] 

New 

Hampshire 
58   76 

8.6 

[5.1-13.3] 

8.4 

[13.3-8.4] 
75 74 1 0 94.7 531 62.1 

52.9 

[46.2-59.5] 

56 

[59.5-56] 
61 

49.9 

[42.1-57.7] 

57.5 

[57.7-57.5] 

New 

Jersey 
171 1  6,953 

29.1 

[27.9-30.4] 

10.7 

[30.4-10.7] 
197 190 5 2 95.9 14,714 9.0 

22.7 

[21.1-24.4] 

37.8 

[24.4-37.8] 
172 

39.7 

[38.3-41.2] 

42.7 

[41.2-42.7] 

New 

Mexico 
18   59 

8.6 

[3.8-16.1] 

7.9 

[16.1-7.9] 
23 23 0 0 100.0 116 100.0 

24.4 

[14.2-37] 

23.1 

[37-23.1] 
18 

32.5 

[20.1-46.8] 

33.6 

[46.8-33.6] 
 

New York 
 

165 
 

2  
 

2,029 
27.6 12.3  

212 
 

193 
 

14 
 

5 
 

94.3 
 

20,608 
 

18.3 
30.4 48  

170 
43.1 53.8 

    
[25.1-30.1] [30.1-12.3] 

       [28.2-32.6] [32.6-48]  [40.3-45.9] [45.9-53.8] 

North 

Carolina 

 

260 
 

4  
 

5,056 
12 

[11.3-12.9] 

19.4 

[12.9-19.4] 

 

292 
 

285 
 

5 
 

2 
 

94.5 
 

71,168 
 

2.9 
18 

[17.2-18.7] 

34.5 

[18.7-34.5] 

 

260 
27.7 

[26.9-28.5] 

44.5 

[28.5-44.5] 

North 

Dakota 

 

26 
 

128 
 

,819 
26.1 

[17.9-35.6] 

23 

[35.6-23] 

 

31 
 

2 
 

3 
 

26 
 

3.2 
 

150,882 
 

0.0 
24.7 

[19.5-30.4] 

21.3 

[30.4-21.3] 

 

28 
38.1 

[32.5-44] 

34.1 

[44-34.1] 
 

Ohio 
 

416 
 

1  
 

4,106 
29.7 15.5  

486 
 

479 
 

6 
 

1 
 

97.9 
 

13,724 
 

25.2 
31.5 54.9  

428 
46.1 60.9 

    
[28.6-30.8] [30.8-15.5] 

       [29.8-33.1] [33.1-54.9]  [44.9-47.4] [47.4-60.9] 
 

Oklahoma 
 

26 
 

4,   

718 
25.3 11.4  

34 
 

32 
 

0 
 

2 
 

91.2 
 

6,551 
 

3.7 
39.8 28.9  

29 
39 35.3 

    
[23.3-27.4] [27.4-11.4] 

       [37.1-42.5] [42.5-28.9]  [36.6-41.5] [41.5-35.3] 
 

Oregon 
 

176 
 

3  
 

4,975 
19.6 13.8  

222 
 

207 
 

3 
 

12 
 

92.8 
 

50,691 
 

10.1 
17 38.1  

183 
30.2 43.1 

    
[17.4-21.9] [21.9-13.8] 

       [15.3-18.8] [18.8-38.1]  [27.8-32.6] [32.6-43.1] 

Pennsyl5 

vania 

 

857 
 

2  
 

3,575 
27.1 

[25.9-28.2] 

14.5 

[28.2-14.5] 

 

1080 
 

1059 
 

18 
 

3 
 

98.1 
 

23,116 
 

31.0 
31.5 

[30.4-32.6] 

50 

[32.6-50] 

 

887 
43.4 

[42.1-44.7] 

55.3 

[44.7-55.3] 

Puerto 

Rico 

 

0    

. 
. .  

1 
 

. 
 

. 
 

. 
 

. 
 

. 
 

. 
. .  

1 
. . 

Rhode 

Island 
22   19 

6.1 

[2.9-10.9] 

8 

[10.9-8] 
24 23 1 0 70.8 205 38.0 

32.9 

[23.7-43] 

34.3 

[43-34.3] 
22 

37.4 

[27.8-47.7] 

43.1 

[47.7-43.1] 

South 

Carolina 
159 4,  350 

19.2 

[17.3-21.2] 

20.5 

[21.2-20.5] 
155 149 5 1 96.1 2,313 57.6 

28.4 

[25.2-31.8] 

29.5 

[31.8-29.5] 
156 

20.1 

[17.1-23.4] 

39.2 

[23.4-39.2] 

South 

Dakota 
15 5  8,410 

13.6 

[9.5-18.6] 

18.7 

[18.6-18.7] 
16 11 1 4 56.3 76,028 0.0 

21.1 

[15.9-27] 

46 

[27-46] 
15 

29 

[22.2-36.5] 

51.9 

[36.5-51.9] 

Tennessee 94 1,  020 
36.8 18.9 

102 97 5 0 95.1 1,066 81.6 
20.4 32 

96 
41.9 43.6 

    
[30.1-43.9] [43.9-18.9] 

       [16-25.4] [25.4-32]  [38-45.8] [45.8-43.6] 
 

Texas 
 

80 
 

117 
 

,086 
23.4 17.9  

79 
 

59 
 

7 
 

13 
 

79.7 
 

119,507 
 

2.1 
20.1 23.5  

81 
34.9 33.7 

    
[18.6-28.6] [28.6-17.9] 

       [18.2-22.1] [22.1-23.5]  [31-38.8] [38.8-33.7] 



 

 

 

 

 

 

 Summer Loss Winter Loss Annual Los s 

  
n (# of 

opera5 

tions) 

 
Total # of 

colonies 

(04/2013) 

 
Total Loss 

mean 

[95%CI] 

 
Average 

Loss mean 

[95%CI] 

 
n (# of 

opera5 

tions) 

n 

Back5 

yard 

BK 

n 

Side5 

line 

BK 

n 

Comm5 

ercial 

BK 

 
% BKs 

exclusively 

in state 

 
Total # of 

colonies 

(10/2013) 

 
% colonies 

exclusively 

in state 

 
Total Loss 

mean 

[95%CI] 

 
Average 

Loss mean 

[95%CI] 

 
n (# of 

opera5 

tions) 

 
Total Loss 

mean 

[95%CI] 

 
Average 

Loss mean 

[95%CI] 

Utah 55 4, 409 
15.2 17.2 

61 52 5 4 83.6 9,250 2.6 
16.3 38.7 

57 
28.7 47.3 

  
[12.4-18.3] [18.3-17.2] 

       [13.6-19.3] [19.3-38.7]  [24.9-32.7] [32.7-47.3] 

Vermont 82 1, 317 
20.2 15.1 

104 101 2 1 96.2 1,696 95.9 
42.4 47.2 

87 
52.5 55.3 

  
[18-22.4] [22.4-15.1] 

       [39-45.8] [45.8-47.2]  [49.1-55.9] [55.9-55.3] 

Virginia 662 1 6,043 
28.2 15.5 

796 781 14 1 98.2 15,726 35.1 
27 36 

671 
42.3 43.8 

  
[27.2-29.2] [29.2-15.5] 

       [26-28] [28-36]  [41.3-43.2] [43.2-43.8] 

Washing5 

ton 
123 4 4,946 

25.2 

[22.8-27.7] 

15.1 

[27.7-15.1] 
161 141 9 11 90.1 74,378 1.7 

25.9 

[22.7-29.2] 

37.9 

[29.2-37.9] 
125 

35.6 

[32.8-38.4] 

41.8 

[38.4-41.8] 

West 

Virginia 

 

65   

867 
6.4 

[4.3-9.1] 

10.4 

[9.1-10.4] 

 

75 
 

70 
 

5 
 

0 
 

92.0 
 

1,125 
 

67.9 
41.8 

[35-48.8] 

42 

[48.8-42] 

 

70 
45 

[38.2-51.9] 

43.9 

[51.9-43.9] 
 

Wisconsin 
 

138 
 

3 
 

7,324 
22.1 12.1  

182 
 

159 
 

13 
 

10 
 

89.6 
 

35,044 
 

6.1 
20.7 58  

139 
33.9 65.6 

  
[20-24.3] [24.3-12.1] 

       [18.4-23.2] [23.2-58]  [31.4-36.4] [36.4-65.6] 
 

Wyoming 
 

10 
 

1 
 

4,184 
9.2 8.6  

11 
 

6 
 

1 
 

4 
 

36.4 
 

20,661 
 

0.1 
12.1 38.2  

11 
20.1 41.2 

  
[4.2-16.7] [16.7-8.6] 

       [9.6-14.8] [14.8-38.2]  [14.8-26.2] [26.2-41.2] 



Online Resource 4. Comparing the average losses among operation types for each time period 

using the Kruskal-Wallis rank sum test, followed by a Mann Whitney test. The number of 

operation types included in each analysis is provided. The associated “*” indicates significance 

where the Mann Whitney p-value is <0.05. 

Period 
Operation 

Type 
n 

Operation 

Type 
n 

Kruskal- Mann Whitney 

Wallis χ
2  

p-value 

Summer 

Loss 

Backyard 5,695 vs. Sideline 164 

61.6609 

0.0011 * 

Backyard 5,695 vs. Commercial 103 < 0.0001 * 

Sideline 164 vs. Commercial 103 < 0.0001 * 

Winter 

Loss 

Backyard 6,899 vs. Sideline 186 

21.6678 

0.0640 

Backyard 6,899 vs. Commercial 104 < 0.0001 * 

Sideline 186 vs. Commercial 104 < 0.0001 * 

Annual 

Loss 

Backyard 5,815 vs. Sideline 180 

39.2306 

0.0148 * 

Backyard 5,815 vs. Commercial 110 < 0.0001 * 

Sideline 180 vs. Commercial 110 0.0014 *



Online Resource 5. Comparison of beekeeper self-reported winter causes of death of colonies and 

the associated average winter loss (%) [95% CI] for beekeepers that selected a factor and those that 

did not select that factor using the Kurskal-Wallis rank-sum and followed-up with a Mann Whitney 

test. P-values less than 0.05 are considered significant and indicated with a “*”. 

Factor 

Factor selected 

Average 

n winter loss (%) 

[95%CI] 

Factor not selected 

Average 

n winter loss (%) 

[95%CI] 

Kruskal- 

Wallis χ
2

Mann 

Whitney p- 

value 

Queen failure 956 51.2 [49.3-53.2] 3,947 65.0 [64.0-65.9] 151.9933 < 0.0001 * 

Starvation 1,774 62.3 [60.9-63.7] 3,129 62.3 [61.2-63.4] 0.0397 0.8420 

Varroa 

destructor 
836 57.4 [55.3-59.4] 4,067 63.3 [62.3-64.2] 26.234 < 0.0001 * 

Nosema spp. 261 59.3 [55.9-62.8] 4,642 62.4 [61.6-63.3] 2.6427 0.1040 

Small hive 

beetle 
250 59.8 [56.0-63.6] 4,653 62.4 [61.5-63.3] 1.6903 0.1936 

Poor wintering 

conditions 
2,237 70.5 [69.3-71.7] 2,666 55.4 [54.2-56.6] 286.5315 < 0.0001 * 

Pesticides 325 63.6 [60.3-66.8] 4,578 62.2 [61.3-63.1] 0.3604 0.5483 

Weak in the fall 1,610 58.1 [56.6-59.6] 3,293 64.3 [63.3-65.4] 44.018 < 0.0001 * 

CCD 324 65.9 [62.6-69.2] 4,579 62.0 [61.1-62.9] 4.2501 0.0393 * 

Disaster 100 64.4 [58.8-70.1] 4,803 62.2 [61.4-63.1] 0.4277 0.5131 

Don’t know 921 67.2 [65.3-69.2] 3,982 61.1 [60.2-62.1] 31.2649 < 0.0001 * 

Other 455 59.3 [56.5-62.1] 4,448 62.6 [61.7-63.5] 5.0879 0.0241 *




