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A successful honey bee forager 
tells her nestmates the location 

of good nectar and pollen with the 
waggle dance, a symbolic language that 
communicates a distance and direction. 
Because bees are adept at scouting out 
profitable forage and are very sensitive 
to energetic reward, we can use the 
distance that bees communicate via 
waggle dances as a proxy for forage 
availability, where the further the bees 
fly, the less forage can be found locally. 
Previously we demonstrated that bees 
fly furthest in the summer compared 
with spring or autumn to bring back 
forage that is not necessarily of better 
quality. Here we show that August is 
also the month when significantly more 
foragers return with empty crops (P = 
7.63e-06). This provides additional 
support that summer may represent a 
seasonal foraging challenge for honey 
bees.

When a honey bee forager who has 
found a good source of food returns to 
her colony, she may recruit her nestmates 
to that location with a waggle dance, 
which encodes the vector from the hive to 
the forage.1,2 Honey bees are exceptional 
scouts—not only are they able to locate 
good forage over a large area,3-5 but they are 
very sensitive to relative energetic reward 
and will only recruit nestmates to the most 
profitable locations known at any given 
time.6 Researchers can eavesdrop on the 
waggle dance, specifically the distances 
communicated in the dance, as a tool to 
understand honey bee foraging ecology.7,8 
Foragers will not recruit nestmates to 
long distances unnecessarily, as distance 
is a major consideration in a bee’s decision 

to dance.4 Distance can therefore act as a 
proxy for forage availability.

In Couvillon et al. (2014), we analyze 
5097 dances to track seasonal changes 
in forage availability, as indicated by the 
dances of the economic honey bees, over 
a representative urban-rural landscape.9 
We found that mean foraging distance 
/ area increases between springs (493 
min, 0.8km2) and summers (2156 min, 
15.2km2) before decreasing again to 
autumns (1275 min, 5.1km2), which 
suggests that summer is the most 
challenging season, with the bees using 
an area 22 and 6 times greater compared 
with spring and autumn, respectively. 
Importantly, we also show that this 
increased distance is not necessarily 
because the bees bring back better 
forage: the sugar content in the nectar, 
which is a measure of quality as sweeter 
nectar contains more energy, was low in 
the summer months.9 It was during the 
measurements of nectar sugar content 
(Fig. Three of Couvillon et al. 2014) that 
we noticed an interesting phenomenon: 
many of the returning foragers possessed 
empty crops.

Our methods involved collecting and 
chilling 10 returning foragers without 
pollen loads from two study hives on 57 
d from March to October.9 Once the bees 
were immobile, we would apply gentle 
pressure on their abdomen to cause them 
to regurgitate some of the nectar in their 
crop, which we would then measure for 
sugar concentration using a hand-held 
refractometre. If the bee’s crop was empty, 
we noted it down. If the bee regurgitated 
nectar, but the volume was too small for 
measurement with the refractometre, we 
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would still consider the bee as possessing 
crop content. It is possible that our 
method of collecting bees, presumably 
foragers, returning at the entrance would 
sometimes also involve the erroneous 
collection of a few non-foraging bees. 
However, our methodology was consistent 
across the study and therefore does not 
affect our finding.

Overall, the number of bees returning 
with empty crops was surprisingly high, 
ranging from 50% (Fig.  1; September) 
to 92% (August). There is a significant 
effect of month in the proportion of 

foragers returning with empty crops 
(Fig.  1, n = 1140, GLM with Month 
as fixed factor compared with the null 
model GLM without Month and with 
binomial error, χ2 = -111.33, df = 7, 
P = 2.2e-16). Specifically, bees were found 
to possess empty crops most often in 
August (P = 7.63e-06), which is high 
summer and the season in which the 
bees are having to travel the furthest, and 
October (P = 1.47e-05), which is the end 
of the foraging year. Bees were least likely 
to possess an empty crop in September 
(P = 0.0079), which is the peak of the ivy 

bloom, a highly attractive plant to honey 
bees and other insect pollinators.10 There 
was no effect of hive in the proportion 
of bees with empty crops (χ2 = 0.07, P = 
0.79), which allowed us to pool our data 
from the two hives per day (n = 20).

Combined with the need for bees to 
collect summertime forage at greater 
distances, these data suggest that forage 
is less available in the summer. In the 
springtime, f lowers are in abundance,11 
and they compete for the bees; however, 
in the summertime, especially in a 
landscape dominated by intensively 
managed agricultural land with very few 
areas left with wildflowers,12-14 the bees 
compete for the f lowers. Additionally, 
competition from other insects may also 
be greater in the summer (e.g., bumble 
bee colonies that reach peak population), 
all of which contributes to a landscape 
with fewer f loral resources to provide 
good forage for f lower-visiting insects.
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Figure 1. More honey bee foragers returned with empty crops in August and October and more 
possessed crop content in September. Bars display average across days per month, and error 
bars are standard error, as calculated for proportional data. Months that do not share letters are 
significantly different from each other.
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