
FLEXIBLE FORAGING BY BUMBLEBEES ON
FLOWERS OFFERING POLLEN AND NECTAR

Item Type text; Electronic Thesis

Authors MAUERMAN, KEVIN BARRY

Citation MAUERMAN, KEVIN BARRY. (2016). FLEXIBLE FORAGING BY
BUMBLEBEES ON FLOWERS OFFERING POLLEN AND NECTAR
(Bachelor's thesis, University of Arizona, Tucson, USA).

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 23/05/2023 19:49:26

Item License http://rightsstatements.org/vocab/InC/1.0/

Link to Item http://hdl.handle.net/10150/613269

http://rightsstatements.org/vocab/InC/1.0/
http://hdl.handle.net/10150/613269


FLEXIBLE FORAGING BY BUMBLEBEES ON FLOWERS OFFERING POLLEN AND NECTAR 

By 

KEVIN BARRY MAUERMAN 

 

____________________ 

 

 

A Thesis Submitted to The Honors College 

In Partial Fulfillment of the Bachelors degree 
With Honors in 

Ecology and Evolutionary Biology 

THE UNIVERSITY OF ARIZONA 

MAY 2016 

 

 

 

 

Approved by: 

 

___________________________  

Dr. Daniel R. Papaj 

Department of Ecology and Evolutionary Biology 



Abstract 

Pollen and nectar are the two most common floral rewards, and bees must collect both. Many 

plant species offer both rewards to bees; however, reward availability on such flowers varies. 

Pollen and nectar availability is constantly changing, and bees must be able to adapt to the 

various environments they encounter. Yet little is known about how bees partition the 

collection of resources on these flowers. Here I investigate how bees behave on flowers 

offering both nectar and pollen, and how this behavior shifts depending on reward presence. 

To do this I tested bumblebee workers, Bombus impatiens, on arrays of Orange Jubilee (Tecoma 

x alata) flowers. Bees were assigned to either a treatment with intact nectar and pollen 

rewards, or a treatment with depleted nectar and intact pollen rewards. I found that bees were 

reward generalists, collecting both pollen and nectar, often on the same flower visit. I also 

found that bees made fewer attempts to collect nectar and only collected pollen when nectar 

rewards were depleted. This strategy, which has not previously been described, likely promotes 

foraging efficiency by reducing time wasted searching and failing to find nectar. This work 

suggests that individual bees are able to adapt rapidly to changing reward environments in 

order to maximize collection of available rewards.  

 

Introduction 

Flowering plants frequently offer rewards to attract animal pollinators in exchange for the 

transfer of pollen, with nectar and pollen being the two most common of these floral rewards 

(Simpson and Neff, 1983). Because they are nutritionally complementary, many pollinators, 

such as bees, must collect both. Worker bees collect both nectar as their primary source of 

carbohydrates and pollen as their primary source of protein (Haydak, 1970; Roulston and 

Crane, 2000).  

Many plant species offer only one floral reward type that bees will collect. For example, no 

flowers in the genus Solanum produce nectar, instead only offer pollen (cf. Anderson & Symon 

1985). Similarly, plants in the genus Asclepias package their pollen in pollinia, making it 

inaccessible for consumption by pollinators, and leaving nectar as the only reward (Harder and 

Johnson 2008). Another example is in the family Asteraceae where the flowers produce both 

nectar and pollen, but pollen is such low quality that bees often only collect nectar (Free, 1964; 

Nicolson et al., 2013). Nevertheless, there are many species of flowers from which bees can and 

do collect both rewards in the same visit (Konzmann and Lunau, 2014; Rossi et al., 2015). On 

such flowers, bees can collect pollen and nectar simultaneously at a single location only if the 

nectaries and anthers are positioned close enough to allow for such behavior. Simultaneously 

here refers to rewards being collected at the same time, not just on the same floral visit. An 

example would be the flowers of Delphinium barbeyi from which I have observed multiple 

bumblebee species collecting both rewards simultaneously. However, if the nectaries and 

anthers are separated in space even on the same flower, bees cannot collect both rewards 



simultaneously; they must collect one and then the other. Flowers in the genus Tecoma have 

this kind of morphology. Visited by birds and bees, the nectaries of Tecoma flowers are located 

deep within long tubular corollas, while the anthers are near the corolla opening (Pelton, 1964; 

Wood, 2008; Figure 1b).  

A large body of evidence suggests that bees structure their foraging behavior to maximize rates 

of either nectar collection (Charnov, 1976; Pyke, 1978), or pollen collection (Zimmerman, 1982, 

Rasheed and Harder, 1997). Pyke showed that bees switched between patches of flowers 

according to models that maximized net rates of nectar collection (1978). Rasheed and Harder 

showed a similar pattern with pollen collection as bees moved between Lupinus species 

according to models that maximized rates of gross pollen-collection (1997). However, less is 

known about how bees structure their foraging behavior when collecting both rewards. Shifts in 

foraging strategies involving relative rates of pollen and nectar collection have been observed 

that reflect the needs of the colony (Free, 1967; Fewell, 1992; Plowright, 1993, 1999; Kitaoka, 

2009; Francis et al., 2016). However, it is unclear whether individual bees shift which rewards 

they collect dependent on the availability of pollen and nectar in the environment they 

encounter. At any given time, a flower that normally offers both rewards may have only one, or 

neither of these rewards available. This could be due to the biology of the plant, with nectar 

and pollen being produced at different times of the day or the flower’s age (Rossi et al., 2015). 

Furthermore, a flower’s nectar and/or pollen reward may have been removed by a previous 

visitor, leaving just one of the rewards, or even none. 

In my study, I asked if a bee’s foraging behavior depends on which rewards they encounter. 

Using a Tecoma hybrid, I first determined how bees normally respond to flowers that offer both 

pollen and nectar separated in space. I then investigated how their behavior changed when one 

reward, nectar, was removed. 

 

Methods 

Subjects 

Twenty-four Bombus impatiens workers from 3 colonies were used in our experiment from 

November 2015 to February 2016. The colonies were purchased from Koppert Biological 

Systems (Howell, MI). B. impatiens is commonly found throughout eastern North America, and 

are generalists as they visit a wide array of flowering plant species offering nectar and/or 

pollen. 

Colonies were allowed to forage for pollen and nectar within two arenas ( L x W x H: 82 × 60 × 

60cm) made from plywood and painted neutral gray. The arenas had clear acrylic ceilings and 

were lit from above 40W 4400 lumen LED lights (2x2 LED Ultra Thin Panel; 5000K Cool White, 

James Industry). Sucrose was provided as a 2M solution dispensed to bees via braided cotton 

wicks (6 inch Braided Cotton Rolls, Richmond Dental) extending into 40 dram vials (BioQuip 



Figure 1. (a) Flowers of Tecoma x alata. (b) Cross section of Tecoma x alata. Nectar is located in nectaries 

deep within corolla. Pollen is located in anthers near the top of the corolla opening. 

Products, Inc.). Pulverized honeybee-collected pollen (Koppert Biological Systems) was 

distributed onto chenille fibers glued to the inside of 40 dram vials (Russell and Papaj 2016).  

Flowers were freshly clipped from 7 Tecoma x alata ‘Orange Jubilee’ bushes (Figure 1a) on and 

next to the University of Arizona campus. In the family Bignoniaceae, members of the genus 

Tecoma occur in abundance in the southwestern United States down through Central and 

South America. Tecoma x alata ‘Orange Jubilee’ is a hybrid of Tecoma stans and Tecoma alata, 

and is frequently used as an ornamental shrub. T. stans is frequently visited by bees, butterflies, 

moths and hummingbirds (Pelton 1964). T. alata shares a similar morphology to T. stans and 

likely shares similar pollinators. Preliminary observations indicated that B. impatiens workers 

would collect both nectar and pollen from the hybrid. The rewards are segregated spatially on 

the flower (Figure 1b), which prevents bees from collecting both rewards simultaneously. The 

pollen was presented on 4 non-poricidal anthers near the corolla opening, and most, if not all, 

of the anthers had dehisced by the time of testing. The nectar was found in the nectaries deep 

within the corolla. We estimated each unvisited flower to contain 10-12 microliters of nectar. 

During testing, bees never completely drained flowers of nectar, likely because they could not 

reach all the way into the nectaries. In order to prevent most animals from visiting flowers 

before their use in our laboratory assays, white mesh bags were placed around buds prior to 

opening and sealed with twist ties. Immediately before testing, bags were removed and open 

flowers were clipped from the bush.  

 

 

 

General Protocol 

Testing took place in the foraging arenas. Bees used in the experiment were captured in vials at 

sucrose dispensers in their foraging arenas. Bees were consistently selected in this manner as it 

ensured they were foragers, and that they were in a similar reward collection state prior to 

a. b. 



testing. They were then placed individually in the other of the two arenas with an array of 9 

flowers. Flowers in the array were held in custom-built water tubes to prevent desiccation 

which were Velcro-mounted to a neutral gray panel placed vertically in the testing arena and 

perpendicular to the long axis of the arena. Flowers were spaced 10cm apart at points in a 3 x 3 

Cartesian grid (Figure 2b). 

Bees were divided into two treatments: pollen and nectar present, and only pollen present. In 

the first treatment, levels of pollen and nectar were left intact for all 9 flowers. In the second 

treatment, the nectar was removed and the pollen was left intact for all 9 flowers. Treatments 

were systematically alternated and contained roughly equal numbers of bees from each colony. 

Flowers were prepared by first inserting the pedicel of the flowers into the water tubes and 

securing the inserted pedicel with hot glue. To remove the nectar, the corolla of each flower 

was carefully separated from the calyx. The newly exposed base of the corolla was dabbed on a 

Kimwipe (Kimtech Science, Neenah, WI) which absorbed most of the nectar. The remainder of 

the nectar was removed by inserting a rolled section of Kimwipe into the newly exposed end of 

the corolla, and dabbing nectar from the style and stigma. The corolla was then reinserted back 

into the calyx and fastened to it with hot glue. To control for these manipulations in the pollen 

and nectar present treatment, the corolla was also removed from the calyx, touched with a 

Kimwipe, reinserted, and sealed with hot glue. Flowers were never reused in treatments (Figure 

2a). In addition, to determine whether removal and reinsertion of the corolla had an effect on 

bee preference I performed a control experiment. I presented a total of 8 bees from 2 colonies 

with an array of 6 flowers each. Three of the flowers were left intact, while the other three 

were manipulated as described above (corolla separated and reattached, with nectar left 

intact). I then allowed each bee to make 20 landings on flowers and I recorded which flowers 

the bee landed on. Bees did not show a landing preference (mean % choice for unmanipulated 

flowers + S.E. = 49.7 + 2.13; t7 = -0.143, P = 0.89). This result gave me confidence that my 

manipulation protocol did not affect the aspect of bees’ behavior in which I was interested. 



Figure 2. (a) Individual flower experimental setup. Flower secured to water tube with hot glue, and 

corolla secured back to calyx with hot glue. (b) 3 x 3 Cartesian grid used for testing. 

 

 

 

Bees were allowed up to 40 visits to flowers. Most bees (15 of 24 = 63%) completed all 40 visits. 

The other 9 bees stopped collecting at between 14 and 38 visits; after 5 minutes elapsed with 

no visits, we terminated the trial. A visit was defined as a bee landing on a flower and 

attempting to collect one or both rewards (regardless of actual reward presence). The fact that 

the rewards are segregated spatially in the flower allowed me to determine whether a bee was 

attempting to collect nectar, pollen, or both. A bee’s behavior was recorded as searching for 

nectar if it crawled deep into the corolla past the anthers. I confirmed that bees exhibiting this 

behavior were searching for nectar by shining a light on the flowers for a subset of bees and 

confirming that the silhouettes extended their probosces. A bee’s behavior was recorded as 

searching for pollen if the bee crawled upside-down inside a flower such that its undersides 

were appressed against the anthers and pollen was groomed into its corbiculae. The vast 

majority of pollen searching visits were accompanied by sonication of the anthers. Sonication is 

a behavior in which pollen-foraging bees vibrate their body to expel pollen from anthers 

(Buchmann, 1983). Occasionally bees collected pollen via scrabble collection without sonicating 

the anthers. Scrabbling for pollen involved using the legs to rake pollen from the anthers. The 

frequency of scrabble versus sonication visits was not recorded, although sonication visits were 

much more common. 

Each reward searching visit to a flower was categorized as one of the following: pollen 

searching only [P], nectar searching only [N], or both pollen and nectar searching [NP].  

 

 

b. a. 



Analysis 

I first sought to characterize the general patterns of behavior observed on flowers offering both 

rewards. I analyzed data for the treatment with nectar and pollen present, estimating the 

percentage of total visits in which pollen or nectar collection was observed. In that analysis, I 

looked only at visits to previously unvisited flowers to avoid the effects of memory, scent 

marking and reward depletion. I then determined if there was a difference in behavior between 

the two treatments. In order to determine if levels of nectar collection depended on nectar 

presence I compared the percentage of pollen searching only, P, visits to previously unvisited 

flowers between treatments. I similarly examined the visit number at which bees made their 

first P visit in each treatment. 

For both analyses, I ran a Wilcoxon Signed-Rank Test to determine if there was a significant 

difference between treatments. I did not run a t-test because the data were not normally 

distributed.  

 

Results 

General Patterns in Behavior 

I found that bees were reward generalists. All test bees in both treatments (12 bees in each 

treatment) searched without exception for both nectar and pollen rewards during their bouts. I 

also found that bees frequently searched for both rewards on a given flower visit. Of the three 

possible combinations of reward seeking behaviors on a single flower (pollen searching only [P], 

nectar searching only [N], and pollen/nectar searching [NP]), most were P visits and NP visits. 

Examining just the visits to previously unvisited flowers in the treatment with both pollen and 

nectar present, I found that N visits comprised only 4.89 ± 1.69 % of total visits (mean + S.E.) 

with only 7 out of 12 bees making any such visits. NP visits were comparatively common, 

comprising 43.7 ± 4.9 % (mean + S.E.) of these flower visits. P visits were common as well and 

comprised 51.4 ± 4.7 % (mean + S.E.) of bees’ visits (Table 1). It should be noted that these 

values were very similar when looking at all flower visits, including the visits to previously 

visited flowers (Table 2). 

 

 

 

 

 



  

% Flower visits to previously unvisited 
flowers in each behavioral category      

(Mean + S.E.) 

Treatment 
Pollen only 

visit (P) 
Nectar only 

visit (N) 
Nectar and 
Pollen (NP) 

Pollen and 
Nectar Present 

51.41 + 4.7 
(N=12 bees)  

4.89 + 1.7 
(N=12 bees) 

43.70 + 4.9 
(N=12 bees) 

Only Pollen 
Present 

75.46 + 3.5 
(N=12 bees) 

0.00 + 0.0   
(N=12 bees) 

 24.54 + 3.5 
(N=12 bees) 

 

 

  

% Flower visits, including visits to previously 
visited flowers, in each behavioral category 

(Mean + S.E.) 

Treatment 
Pollen only 

visit (P) 
Nectar only 

visit (N) 
Nectar and 
Pollen (NP) 

Pollen and 
Nectar Present 

55.20 + 4.1 
(N=12 bees)  

5.09 + 3.1 
(N=12 bees) 

39.71 + 4.3 
(N=12 bees) 

Only Pollen 
Present 

79.84 + 4.0 
(N=12 bees) 

1.42 + 1.1   
(N=12 bees) 

 18.74 + 3.3 
(N=12 bees) 

 

 

 

Some general patterns of behavior for each treatment were observed. All bees in the treatment 

with both nectar and pollen present began their bout with a run of NP and/or N visits (between 

1 and 7 visits). This sequence was usually followed by a combination of P and NP visits. Seven of 

the 12 bees in this treatment made N visits, and these visits were infrequent in 6 of them (≤5% 

of visits). Only one bee made a large number of N visits (40% of visits). Example runs are shown 

in Figure 3. 

In the treatment with only pollen present, all of the bees began their bout with a run of NP 

visits (between 1 and 3 visits). This sequence was typically followed by long runs of P visits with 

the occasional NP visits. Two of the 12 bees in this treatment made only one NP visit followed 

by nothing but P visits. Examples runs are shown in Figure 3. 

Table 1. Percentage of visits to previously unvisited flowers falling into each 

the three behavioral categories by treatment. 

Table 2. Percentage of visits, including visits to previously visited flowers, 

falling into each the three behavioral categories by treatment. 



 

 

Effect of Nectar Removal 

I found that foraging bee behavior varied depending on whether the nectar reward was present 

or not. Bees in the treatment with only pollen present made a significantly higher proportion of 

P visits (Table 1; Figure 4; Wilcoxon Signed-Rank Test, W=19.5, P < 0.003). 
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Figure 4. Bees made a higher proportion of visits to previously unvisited flowers where 

they searched for pollen rewards and did not search for nectar rewards in the 

treatment with only pollen present, as represented by letters above bars (Wilcoxon 

Signed-Rank Test, W=19.5, P < 0.003). 

a 

b 

N=12 bees N=12 bees 

Figure 3. Example runs of bees in each treatment. Each row is a new bee. The bees in the treatment 

with only pollen present made more pollen only visits and started making these visits sooner than the 

treatment with both rewards present. 



In addition, bees in the treatment with only pollen present began making floral visits where 

they searched only for pollen rewards significantly sooner than bees in the treatment with both 

pollen and nectar present (Figure 5; Wilcoxon Signed-Rank Test, W=124, P < 0.002). 

 

 

 

 

Time Cost of Searching for Absent Rewards 

I found there to be a time cost in searching for nectar when it is absent. For this analysis I 

analyzed the second and third NP visits for 6 bees. The first NP visits were not used as it took 

some bees a considerable amount of time to orient to the rewards on a flower. On average, 

bees spent 10.5 ± 1.7 (mean + S.E.) seconds searching unsuccessfully for nectar during NP visits 

in the treatment with only pollen present (N=10 visits and a total of 6 bees). This value was 40.1 

± 7.2 (mean + S.E.) percent of the total handling time on these flowers (N=10 visits and a total 

of 6 bees).  

 

 

Discussion 

This work is important for understanding the reward collection behavior of individual bees. 

Most pollinator studies focus on nectar collection only, ignoring the other rewards plants offer. 

Figure 5. Bees in the treatment with only pollen present visited a flower without 

searching for nectar sooner than bees in the treatment with pollen and nectar 

present, as represented by letters above bars (Wilcoxon Signed-Rank Test, W=124, P 

< 0.002).  

N=12 

0

1

2

3

4

5

6

7

Pollen and Nectar Present Only Pollen Present

V
is

it
 N

u
m

b
e

r 
o

f 
Fi

rs
t 

P
o

lle
n

 O
n

ly
 

V
is

it
 (

m
e

an
 ±

 S
E)

 

Treatment 

b 

  a 

N=12 bees N=12 bees 



These studies are insightful in helping us understand pollinator behavior in collecting this 

individual reward, but they do not give us an idea of how pollinators behave when foraging for 

multiple rewards. Recently, more studies have been published exploring the collection of pollen 

and other non-nectar rewards both alone and in relation to nectar collection (Simpson and 

Neff, 1981; Harder, 1990; Konzmann and Lunau, 2014;  Russell et al. 2015).  This is important 

because many plants offer multiple rewards and many pollinators collect more than one reward 

even within a single foraging bout. Foraging bees presumably have to adjust to changing 

environments in terms of both pollen and nectar rewards. We know relatively little about how 

individual bees approach systems with both rewards, and how they partition their collection of 

these resources.  

Bees ought to be flexible when foraging. Solitary bees must collect both nectar and pollen to 

rear their own young, and workers of social species must collect both to rear the queen’s 

young. Bees should be flexible as to when and where they collect either or both rewards, and 

many factors should come into play. The biological markets where bees look for resources, the 

needs of the colony, and the needs of the bees themselves vary over time and space. At any 

given moment, a bee should adapt its foraging strategy to fit whatever context it currently finds 

itself.  

Here I have described a novel strategy in bee behavior where individual bees differently 

partitioned their pollen and nectar collection behaviors depending on the availability of 

resources in the environment they encountered. Our bees searched less for nectar after failing 

to find it, switching away from nectar collection to focus more on pollen collection. They likely 

did so because searching depleted nectaries wastes time and decreases their efficiency on the 

reward that is available.  

We know that bees cope with variation in the environment in other ways. For example, bees 

will select certain flowers over others for their nectar availability (Butler, 1945; Seeley et al., 

1991). Our study shows a new way in which bees adjust their behavior to cope with variable 

environments. Bees rapidly switch between pollen and nectar collection depending on their 

availability in the environment.  

It is worth commenting on our procedure of selectively testing bees collected on sucrose 

dispensers. Bees were selected in this manner so we could ensure they were foragers, and to 

control to the best of our ability their reward collection states prior to testing. We did not test 

bees directly from the colony because in the pollen only treatment they would give up after 

only a few visits of searching only for nectar. This method could in part account for why all of 

our bees initially searched for nectar on their first floral visit. However, the switch in behavior 

still occurred even though all our bees presumably started in a ‘nectar collection mode’. In a 

natural setting, it is not unlikely that a bee might be in a ‘nectar collection mode’ before visiting 

a flower like Tecoma which offers both rewards. We do not believe that this protocol greatly 

affected our results, but it would be worth repeating the study and either selecting bees at 

random or selecting bees at pollen feeders. 



Further work will have to be performed to determine if bees adjust behavior to other patterns 

of variation in floral rewards. For example, what if pollen were removed from this Tecoma 

system while nectar levels remained intact? Would bees stop searching for pollen? What 

happens when other plant species are included in the system? Would bees that only collect 

pollen from Tecoma flowers end up collecting nectar from different plant species?  

Another question is whether the quality of rewards can influence how bees partition nectar and 

pollen collection. We know nectar-foraging bees will selectively visit flowers that offer larger 

volumes of nectar and higher sugar concentrations (Butler, 1945; de Brito Sanchez MG; 

Konzmann and Lunau, 2014). Would bees still show a switch to pollen collection if instead of 

absent nectar rewards, the nectar reward were present in a smaller volume or in a diluted 

form? 

It is also worth investigating whether or not this change in behavior constitutes learning. If so, 

what cues are the bees learning and how persistent is the response? If they are learning, are 

they attending to local cues (e.g., humidity produced directly from the nectar) and deciding not 

to forage for nectar as a result of humidity differences? Humidity can be used by hawkmoths as 

a cue for assessing nectar profitability (von Arx et al., 2012), and could be a potential local cue 

used in this system as well. Alternatively, they could be learning more global cues (e.g., features 

such as corolla color or floral scent that identify this species). Might bees also able to associate 

environmental factors besides those of flowers with reward presence (e.g., might they learn 

that increased rainfall is associated with increased nectar volumes)? Future studies will be 

needed to evaluate these possibilities.  

In closing, the reward collection behavior of an individual bee is largely dependent on the 

reward availability in the environment it encounters. These environments are constantly 

changing, and bees must have a way to adapt to changing reward availabilities. In the present 

study we have found one example of how bees are able to adapt, partitioning more time 

towards pollen collection when nectar is absent from the system. This is likely not the only 

example of such behavior, just the first example of this exciting new concept in pollinator 

behavior. 
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