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Abstract 
Pollination is an important ecosystem service necessary for 80% of global plant reproduction. 
This service can also improve fruit production and is essential for 84% of all crops grown in 
the EU. However, some pollinators have been declining for the last decades and the important 
honey bee is no exception. One of the reasons to this decline is believed to be agricultural use 
of chemicals (i.e. fungicides, herbicides and insecticides). One of the most commonly used 
herbicides is RoundUp, which include glyphosate as its active substance. In this study, I test if 
RoundUp affects honey bee behaviour by exposing them during a short-term period to one of 
three different concentrations (0 mg/l, 5 mg/l and 50 mg/l). The test was conducted in a wind 
tunnel and aimed to test the hypothesis that glyphosate affects searching abilities and flight 
time of honey bees. In contrast to my hypothesis, I was unable to detect effects on searching 
ability. However, method limitations might have been the reason only three bees, out of 147, 
found the food. My analysis showed neither any effects from RoundUp on fly time (P>0.05) 
or activity (P=0.066). However, in my data I could see a negative trend in activity and due to 
earlier data collected around glyphosate, I argue that exposure to glyphosate might have a 
negative long-term impact on honey bee survival.   
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1 Introduction 

Pollination done by animals is currently central for 80% of the global plant reproduction, it is 
necessary for 35% of the global crop production (Schowalter 2016) and can also improve fruit 
or seed production in plants directly linked to humans (Klein et al. 2007). In Europe 
pollination is necessary for 84% of all crops and globally the pollination services directly linked 
to humans is valued at $153 billion/year (Gallai et al. 2009; Klein et al. 2007). There is a large 
variety of animals able to carry out pollination, with bats, birds, and insects being the most 
common. One of the more widely spread and relevant pollinators is the honey bee (Apis 
mellifera) (Devillers and Pham-Delègue 2005; Frankie and Thorp 2009). Honey bees lives in 
colonies consisting of a female queen, hundreds of male drones and thousands of female 
workers. The colonies often have a long lifespan and workers can forage pollen from a wide 
variety of plant families (Westerkamp 1991). Whereas most animals and insects focus on only 
one plant family, honey bees can, thanks to their non-specific search of pollen, be used for 
pollinating a wide array of differentagricultural species. Due to this, honey bees have been 
introduced almost over the entire world (Huryn 1997; Frankie and Thorp 2009; Schowalter 
2016). 

 
Due to an increased use of monocultures within agriculture, the native pollinators have 
become a less reliable source of pollination (Morse and Calderone 2000), making farmers rely 
more on honey bees and other domestic pollinators for pollinating their crops (Devillers and 
Pham-Delègue 2005) Honey bee colonies are therefore moved between agricultural fields 
when crops bloom (Gallai et al. 2009; Delaplane and Mayer 2000). However, recent studies 
have found a decline in both wild bee and honey bee populations, creating a shortage of 
pollinators (Devillers and Pham-Delègue 2005; Ellis et al. 2015). A growing human population 
and an increasing demand of pollination dependent crops has accelerated the problems 
related to decreasing pollinators (Aizen and Harder 2009). Some fundamental factors in 
understanding this decline are climate change, diminishing habitat area, monocultures, pests 
and chemicals (Exeler et al. 2009; Frankie and Thorp 2009; Garibaldi 2009; Goulson et al. 
2015; Roszko et al. 2016; Schowalter 2016). Despite large efforts in collecting data, no main 
cause of this decline has been found, thus making an increased knowledge about pollinators 
and their services essential to halt this decline. 

 
Each year vast amounts of chemicals, such as herbicides, insecticides and fungicides, are used 
to protect agricultural areasfrom e.g. fungus, weed, pests and vermin (Einarsson 2016). For 
example, 1600 tons of chemicals are yearly used to fight unwanted organisms in agriculture in 
Sweden (Einarsson 2016). Studies have found that a number of these agrochemicals can have 
a negative effect on honey bees. Some are even fatal or affect their mental functions or physical 
health (Pettis et al. 2013), for instance the insecticides neonicotinoids (Cressey 2017) and 
pyrethroids (Pettis 2013; Zhu et al. 2014). Research has shown non-lethal doses of 
imidacloprid, a neonicotinoid, to affect homing abilities in honey bees (Bortolotti et al. 2003). 
Furthermore, mixtures of herbicides and metals, found in agroecosystems, have also been 
shown to affect honey bee vitamin production (Jumarie et al. 2017). Some of these chemicals 
have also been found in wax and pollen samples from bee hives near agricultural environments 
(Mullin et al. 2010). 
 
Globally the most common type of chemical used in agriculture is herbicides (Benbrook 2016). 
One such herbicide is RoundUp, which contains the active substance glyphosate. Due to 
glyphosates broad-spectrum use it is frequently used both in commercial and non-commercial 
cultivations (Giesy et al. 2000). Glyphosate based herbicides have long been classified as safe 
to use around bees and other pollinators (Giesy et al. 2000), but studies have found glyphosate 
to have negative effects on earthworms and amphibians (Springett and Gray 1992; Tate et al. 
1997). Findings indicate that it may also weaken the cognitive functions (Herbert et al. 2014) 
and spermatozoa of honey bees (Hoopman et al. 2018). In addition, it is often aerially sprayed 
onto large areas (Herbert et al. 2014; Balbuena et al. 2015), which could affect plants and 
animals near the agricultural fields (Herbert et al. 2014; Krupke et al. 2012). Therefore, it is 
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important to continue to study the effects of glyphosate, to see if it affects the common honey 
bee in other ways.  
         
The aim of this study was to determine if the herbicide RoundUp affect honey bee behaviour 
and motoric skills by exposing honey bees to a sucrose solution mixed with the herbicide. The 
bees were exposed to three different solutions for 48 hours, one control, one field realistic dose 
and one high dose. During the time of exposure, mortality of bees was monitored. The 
surviving bees were then tested to see if glyphosate affects their (1) flight time and (2) ability 
to actively search and find sugar rich food. 
 
Based on previous findings (Balbuena et al. 2015; Herbert et al. 2014; Jumarie et al. 2017) I 
hypothesized that this herbicide would negatively affect some types of honey bee behaviour, 
i.e. flight time, activity and survival. From this, five hypotheses were formulated: 

(1) Glyphosate exposed bees will need more time to find the honey.  
(2) The number of bees completing their task will be lower when bees are treated with 

glyphosate, especially at high exposure. 
(3) Bees exposed to glyphosate will fly less than non-exposed bees. The bees with the field 

realistic dose will fly more than the high dose but less than the 0 mg/l control group.  
(4) Bees exposed to glyphosate will be less active than control bees. 
(5) The mortality during the incubation will be positive correlated with glyphosate dose. 

2 Methods 

2.1 Chemical 

RoundUp G (glyphosate 127g/l) is a herbicide that contains 162g/l of isopropylamine salt of 
glyphosate as its active ingredient. RoundUp is a broad-spectrum herbicide and is used to 
control many types of herbaceous and woody plants. By blocking pathways for biosynthesis of 
aromatic amino acids, not present in animals, it makes an effective herbicide (Williams 2000). 
Glyphosate is easily soluble in water but tends to bind to soil thus making it essentially 
unavailable for plants to take up through their roots, making applications through direct 
contact with the plant necessary (Giesy et al 2000). In this study RoundUp G was mixed with 
a 50% (w/w) sucrose solution in three different concentrations, 0 mg/l, 5 mg/l and 50 mg/l to 
evaluate possible effects. The sucrose solutions were mixed separately and then mixedunder 
lab-conditions and diluteddto the chosen glyphosate-concentrations. One concentration was 
chosen to resemble levels found in nature (5 mg/l; Hoopman 2018), while 0 mg/l was chosen 
as control and 50 mg/l as a high dose to test the potential for glyphosate to affect honey bees.  

2.2 Exposure 

Adult honey bee (Apis mellifera mellifera) workers were obtained from a local bee farmer in 
Holmsund, Sweden. 150 bees were divided into three groups (n=50) and put in test cages and 
held according to OECD (2017) standards. A plastic cup (50 cl) taped to a cardboard plate 
functioned as a test cage (figure 1A). Ten bees were placed in each cage and fed one of the three 
solutions (OECD 2017), using a cotton pad soaked in the chosen solution. The cotton pad was 
replaced twice a day to guarantee a sufficient food source and to assure that no bacteria 
accumulated. The bees were held for approximately 48 hours in a dark room (31±1.5° C, ~20% 
RH). To supply the bees with enough oxygen, small holes were created in the plastic cup using 
a needle. Additionally, two holes were created to gain easy access to feed and to take out dead 
individuals. Both holes (2x1.5 cm) were cut into the cage, one in the centre of the plate and the 
second in the bottom of the plastic cup.  
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2.3 Tests 

After approximately 48 hours of exposure the honey bees were carefully moved to the wind-
tunnel, one cage at the time. The room containing the wind tunnel was supplied with a heating 
fan to increase the room’s temperature, since bees tend to be less active in colder temperatures 
(Burrill and Dietz 1981). This resulted in a fluctuation of the room’s temperature between 20-
25°C during the duration of the tests.  
 

 
Figure 1. A) Testing cage consisting of a 50 ml plastic glass standing on a cardboard plate. Inside the cage a cotton 
pad used for feeding is visible. B) The wind tunnel used for the tests.  

 
Small test tubes (15 ml) were used for collecting the bees one by one from the test cage and 
introducing them into the wind-tunnel. The tunnel (210x81x80 cm) used in this study was 
created primary for wind-experiments (figure 1B) and was built using a see-through plastic. 
Both ends of the tunnel consists of a net allowing wind to blow through the tunnel but 
hindering any bees from escaping, however during my tests no wind was used. The tunnel is 
also equipped with two openings, one on each side, to easily introduce and extract bees.  

2.3.1 Searching  

The bees were placed, one at the time, inside the tunnel on one side opposite of the sugar rich 
food and then timed from their release to the moment they reached the food. In this study 
honey was used as the sugar rich food, due to its ability to attract honey bees (Christensen oral. 
2018). Due to the size of the tunnel the estimated time each bee would need to find the honey 
was three minutes. Therefore, the time limit was set to three minutes and depending on 
whether the bees found the honey or not before the time was up they were noted as “complete” 
or “not complete”. If a bee did find the honey, before the three minutes were up, the time was 
noted, and the bees was allowed to feed.   

2.3.2 Flight time and activity  

To evaluate if glyphosate affects honey bees flight and in theory also their foraging the active 
flight time for each bee was clocked using a stopwatch during the searching test. The bees were 
observed for the entire duration and their active time was noted to the closest second. 
However, during a short pilot study some bees were observed to bee inactive, i.e. not moving 
at all or just moving abruptly. Therefore, a time limit was set to 10 seconds, if the bees flew 
more in total they were considered as active. This was done to see if the number of inactive 
bees is correlated with glyphosate. After the experiment the bees were frozen in a freezer, for 
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later analysis to see the bees had any traces of glyphosate in their systems. However, this data 
could not be included in this study because the bees are yet to be analysed.  

2.4 Statistics  

All the statistical analyses were made in Rstudio (version 1.0.136).  To analyse the differences 
in active flight time between treatments a Kruskal-Wallis rank sum test was used because the 
data was not normally distributed. In order to evaluate if the bees fed with glyphosate were 
more or less likely to be inactive, a GLM model (family=binary (link=logit) was used. Due to 
lack of data regarding honey bee searching abilities no statistical test was done to test for a 
difference.  

3 Results 

3.1 Flight time 

The data collected showed that bees treated with 50 mg/l of glyphosate flew 20.7∓ 3.6 (SE) 
seconds, and bees treated with 5 mg/l and 0 mg/l flew 23.4∓ 3.5 and 27.4∓ 3.2 seconds 
respectively (figure 2). Based on the data a negative correlation between dose and flight time 
is possible, with 5 mg/l flying 15% less than the control group and 50 mg/l flying 25% less. 
However, the statistical analysis showed no significant difference between the treatments 
regarding flight time (p=0.241).   

 
Figure 2. Flight time ∓ SE, for the three groups (50 mg/l, 5 mg/l and control). 

3.2 Activity 

The control treatment had the highest number of active bees (34) and the other two treatments 
had 30 (5 mg/l) and 24 (50 mg/l) bees which were categorized as active (Figure 3). Despite 
the different in total numbers of active bees, with more bees from the control treatment 
considered active, my GLM analysis found no significant difference between the three doses 
(P=0.066).   
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Figure 3. Number of active bees in each treatment. Bees which flew more than 10 seconds during the searching 
test were classified as active.  

3.3 Searching abilities and mortality 

Testing searching abilities of honey bees proved difficult as only three specimens completed 
the task of finding the honey. No meaningful statistical test could be carried out using such a 
small sample size, especially since only one bee from each treatment completed the search. 
Hence, I am not able to draw any conclusions about how glyphosates affect honey bee 
searching abilities.   
 
For mortality only one individual from each treatment died during the incubation time. This 
resulted in mortality of 1% per day for all treatments and thatno differences were seen amongst 
the treatments.  

3.4 Testing of main Hypothesis 

All my analyses testing RoundUp showed no significance difference between the treatments. I 
can hence reject my main hypothesis that glyphosate would affect some honey bee behaviour.  

4 Discussion 
Here I presented results from a short time exposure experiment where I assessed the effects 
of glyphosate on the flight and search abilities of the common honey bee. The results regarding 
flight time showed no difference between treatments, indicating there are no effect of short-
term exposure of glyphosate on honey bee flying. Based on this result I can reject my 
assumptions about decreasing flight time for bees exposed to glyphosate. This is supported by 
findings from Giesy et al. (2000), who also did not observe any significant effects on honey 
bee motoric when sprayed or fed glyphosate. This suggests that the flying ability of honey bees 
stays unchanged even if exposed to concentrations of glyphosate up to 50 mg/l, which in 
theory also should result in unchanged foraging behaviour. Similarly, no significant difference 
in activity was found between treatments. However, due to my sample sizes my statistical 
analysis might not have been powerful enough to detect a significant effect of glyphosate, 
because of the large variation in the data. Although this, a trend was present in my data - that 
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exposure to higher concentration of glyphosate was negatively correlated with activity. Which 
could possibly be explained by glyphosates reduction of sucrose sensitivity in honey bees 
(Herbert et al. 2014; Waller 1972), resulting in that bees not exposed to glyphosate had more 
energy or possible giving these bees a sugar rush, giving them excessive energy, explaining 
some of the activity. In an earlier study from Herbert et al. (2014) they found that natural 
concentrations of glyphosate do affect honey bee cognitive functions, but not their foraging 
behaviour. If so a steady intake of glyphosate contaminated pollen would follow the unaffected 
worker bees to the hive and could thus accumulate within the hive. This could in a long-term 
perspective affect the whole colony’s activity and reproduction and potentially even their 
survival (Herbert et al. 2014; Hoopman et al. 2018). The lowering of sucrose sensitivity could 
also influence flower selection, where nectar and sugar content play an important role (Cnaani 
et al. 2005). This could in turn also jeopardize colony survival if insufficient food resources 
would be brought back to the colony.   
 
During the time the bees spent in their test cages three deaths were recorded, one from each 
treatment. This suggests that the deaths were random and had nothing to do with either the 
treatment or the cages. Instead a plausible explanation for the mortality is that some bees were 
already weakened or stressed by being moved from their colony. Based on this I can say that 
my set-up with 10 bees in each test cage worked fine from an animal welfare perspective 
(Huang et al. 2014) and that the glyphosate solutions used were not fatal during the 48 hours 
of exposure. This suggests that environmentally relevant concentrations of glyphosate, or 
concentration up to 50 mg/l, can be considered as sublethal for honey bees during short-term 
(up to 48 h) exposure. Based on the findings from Giesy et al. (2000), finding natural values 
of glyphosate to be non-lethal, these results should not have been a surprise. Giesy et al. 
(2000) also predicted that natural concentrations under 100 µg a.e/bee should not show any 
direct lethal effects on honey bees. However, I was not able to calculate the exact amount 
glyphosate each bee ingested, as this would have required another more standardized feeding 
method.  
 
Testing effects of glyphosates on honey bee searching ability did not work with my set-up. Due 
to complications that occurred during the tests, with only three bees finding the honey, my 
results were insufficient and made it impossible to draw any conclusions regarding any effects 
of glyphosates on honey bees searching abilities. Unfortunately, the reason for this could 
potentially be found in the methods I used. Due to this, future studies should think about 
following things: First the bees were fed until they were introduced into the test tunnel, which 
resulted in the bees being more eager to escape rather than searching for food, i.e. the honey.  
A potential solution is to stop the feeding process a while before the tests, it might also be 
possible to use artificial feeders and to teach the bees where food could be found. This method 
is successfully used in earlier field studies (Balbuena et al. 2015). However due to the limited 
time available for my study I was unable to use this method. Second, another thing that could 
have been a distraction was a bright lamp in the ceiling of the test chamber (Labhart 1974; 
Wolf 1932). I suspect the lamp reached an intensity threshold which made some bees react to 
the light, luring these bees to fly towards and hover below the lamp (Labhart 1974). 
Unfortunately, this wasn’t noticed until the last test day and because of this I chose not to 
change any of the testing conditions, to maintain the same circumstances throughout the tests.  
 
The results in my study suggests that RoundUp does not affect honey bees flying ability after 
short-term exposures to concentrations lower than 50 ml/l. However, this does not mean that 
I can rule out that glyphosate does not affect honey bees at all, and as such, it is important with 
further studies. With larger sample sizes and more refined methods maybe even I would have 
found a significant result for activity. Additionally, due to findings from Balbuena et al. (2015) 
and Jumarie et al. (2017) showing negative effects of glyphosate on honey bees homing 
abilities and vitamin production, I would find it interesting for future studies to research the 
eventuality that glyphosate could impact other traits than the motoric of honey bees or the 
eventuality that glyphosate could affect other pollinators. As findings by Herbert et al. (2014), 
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Hoopman et al. (2018) and Jumarie et al. (2017) indicate, most effects might be anatomical 
rather than motorics. As discussed earlier, one other possibility is accumulation of glyphosate 
within the hive, resulting in higher concentrations there than what have been found in nature 
(Balbuena et al. 2015; Giesy et al. 2000; Herbert et al. 2014), which together with a longer 
term of exposure might decrease colony survival. If this is the case it would make studies 
testing the effects of glyphosates much more acute. The next step to test the potential 
ecological effects of glyphosate could also be to test effects on plant composition and 
interactions surrounding large agricultural areas (Devos et al. 2008), or effects of glyphosate 
in combination with other chemicals (Cressey 2017) or more studies looking at effects on other 
families of pollinators such as Megachile and Andrena.  

5 Conclusion 

RoundUp G, which contains the active substance glyphosate, is a broad-spectrum herbicide. 
Due to its blockage of certain amino acids, only present in the plant kingdom, it is suggested 
to be harmless to animals. Earlier studies have found glyphosate to be harmful to honey bees 
homing abilities, cognitive abilities and other internal process. However, my results showed 
RoundUp to have no damaging effects on honey bee motoric in the aspects tested. Where 
neither flight time nor activity showed any significant difference between the three 
concentrations tested. These findings are further strengthened by findings by Giesy et al. 
(2000) and Herbert et al. (2014). Unfortunately testing effects of glyphosate on honey bee 
searching abilities were found to be more difficult than first predicted. Complications not 
anticipated resulted in data not equipped for any meaningful statistical analysis.   
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