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Summary. Honeybees often approach flowers of Lotus cor- 
niculatus and then fly away without attempting to extract 
nectar. These rejected flowers contained 41% less nectar 
than my random sample. The accepted flowers contained 
24% more nectar than my random sample. The differences 
among these three flower-groups were due to differences 
in the percent of empty flowers in each group rather than 
the differences in the absolute amount of nectar. Honeybees 
increased their foraging efficiency by accepting less empty 
flowers and rejecting more empty flowers than would be 
expected if they foraged randomly. There are two possible 
mechanisms for this discrimination-behavior: either the 
bees are smelling nectar odor or they are smelling bee scent 
left by previous visitors to the flower. My results are incon- 
sistent with the hypothesis that bees are basing their de- 
cision on nectar smell and suggest that they are using bee 
scent as a means of identifying empty flowers. 

When honeybees forage, the do not attempt to extract nec- 
tar from every flower that they encounter. As bees approach 
a flower, they often briefly touch or hover over a flower 
and then fly away (Frankie and Vinson 1977; Marden 
1984). Presumably this is a form of discrimination-behavior 
in which the bee is considering the flower as a possible 
source of food for some reason decides not to accept it. 

This form of discrimination-behavior has been noted 
by various researchers. Zimmerman (1982) found that pol- 
len-collecting bumblebees reject flowers that do not have 
enough pollen visible to make collecting profitable. Bell 
et al. (1984) showed that while visiting Impatiens capensis, 
honeybees, bumblebees and wasps more frequently rejected 
flowers in the female stage and preferentially visited the 
male-stage flowers. Flowers in the male stage contain more 
nectar and it has been hypothesized tha t  flower-preference 
results from the bees' ability to sense the amount of nectar 
in the flower. Heinrich (1979) showed that nectar-gathering 
bumblebees preferentially chose flowers that contained rela- 
tively large amounts of nectar and rejected flowers with 
little nectar. He was able to detect differences in odor be- 
tween clover inflorescences that had been visited and those 
that had not, and hypothesized that the bees were also able 
to smell the nectar and thus chose the most rewarding flow- 
ers. 

In this study I will attempt to explain why worker hon- 
eybees accept or reject particular flowers of Lotus cornicula- 

tus while foraging for nectar. Specifically, I will address 
the following questions: (1) Does the discrimination-behav- 
ior increase the bees' foraging efficiency? (2) What mecha- 
nism is the bee using to discriminate between accepted and 
rejected flowers? 

Methods 

Description of Lotus corniculatus and the study site 

Lotus corniculatus. L. (Leguminosae) is a weedy perennial, 
native to Europe, that honeybees forage for nectar and pol- 
len. It occurs along roadsides and in disturbed places 
throughout much of the United States. In northern Califor- 
nia it flowers from May to September, with peak flowering 
in July and August. 

The papilionaceous flowers have nectar hidden deep 
within the corolla at the base of the fused filaments. The 
flowers are bright yellow while pollen and nectar are pres- 
ent, but turn red when these rewards are no longer avail- 
able. This color change is presumably a post-pollination 
phenomenon (see Gori 1983). Bees generally ignored red 
flowers and no red flower was found to contain nectar or 
pollen (personal observation). 

Fieldwork was conducted in a recently harvested red- 
wood forest in Eureka, California and in a cleared field 
in Arcata, California. Each site contained several clumps 
of L. corniculatus growing in discrete patches of  approxi- 
mately 2 m in diameter. Both sites were located approxi- 
mately at sea level, 10 to 15 km from the coast. All work 
was conducted from June to August, 1984. 

Nectar measurements 

Sampling was done twice a day on ten days. The first ses- 
sion each day, "morning" ,  was started within 30 rain of 
the first bee-visit to the area. Consequently most of the 
flowers sampled either had opened that morning or had 
not been visited since the previous day. The starting time 
of the morning session was between 1000 and 1200 h de- 
pending on the weather. The second session, "af ternoon",  
started after 4 to 5 h of foraging had taken place, between 
1500 and 1600 h. This session ended shortly before the end 
of the foraging day. 

Nectar volume was measured to the nearest 0.5 mm 
(0.015 ~tl) using a 1 Ixl capillary tube and concentration was 
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Table 1. Nectar quantity and quality of the four groups of flowers for the full day and broken down into the morning and afternoon 
sessions 

Session Group n % empty Mean volume Mean volume excluding Mean % conc. excluding 
flowers (~tl x 100) empty flowers empty flowers 

(~tl • 100) (~tl • 100) 

Full day standing crop 490 53.7 2.06 4.45 42.0 
accept 490 44.1 2.58 4.61 44.0 
reject 490 70.2 1.22 4.11 45.1 
visited 110 73.3 0.77 - - 

Morning standing crop 250 46.4 2.73 5.10 41.1 
accept 250 41.2 3.07 5.22 42.1 
reject 250 66.4 1.60 4.76 43.5 

Afternoon standing crop 240 61.2 1.36 3.51 43.4 
accept 240 47.1 2.07 3.91 46.5 
reject 240 74.2 0.83 3.22 47.2 

Session Type of test a Groups n Significance of Significance of 
compared nectar vol. means nectar vol. means 

excluding empty flowers 

Statistical evaluation 

Full day K-W standing vs accept vs reject 490 p < 0.001 P = 0.752 
mult. comp. standing vs accept 490 p < 0.001 
mult. comp. standing vs reject 490 p < 0.001 
mult. comp. reject vs accept 490 p < 0.001 
M-W reject vs visited 150 p = 0.17 

Morning K-W standing vs accept vs reject 250 p < 0.001 P = 0.969 
mult. comp. standing vs accept 250 p > 0.1 
mult. comp. standing vs reject 250 p < 0.001 
mult. comp. reject vs accept 250 p < 0.001 

Afternoon K-W standing vs accept vs reject 240 p < 0.001 P = 0.441 
mult. comp. standing vs accept 240 p < 0.001 
mult. comp. standing vs reject 240 p < 0.001 
mult. comp. reject vs accept 240 p < 0.001 

a K-W = Kruskal-Wallis 1-way ANOVA; M-W = Mann-Whitney test; mult. comp. = non-parametric multiple comparisons using ranked 
sums from the K-W test 

determined to the nearest percent with a Bellingham and 
Stanley handheld refractometer modified by the factory for 
small volumes. Because of  the small size of  the flowers, 
it was necessary to remove the corollas in order to make 
the measurements.  Flowers collected were categorized as 
follows: 

(1) "s tanding  c r o p "  - a random selection of  flowers. 
(2) " a c c e p t s "  - the first flower on any inflorescence that 

a bee at tempted to probe. Bees were chased from these 
flowers after landing but before inserting their proboscises. 
Such flowers were categorized as " a c c e p t e d "  because hon- 
eybees never landed on a flower without  at tempting to ex- 
tract nectar. All bees observed were foraging for nectar;  
I never saw honeybees foraging for pollen only. 

(3) " r e j ec t s "  - flowers that were touched by the bee's 
antennae or legs in flight but not  probed. Bees occasionally 
rejected flowers by briefly hovering over a flower and then 
going on without  touching it. This type of  rejection oc- 
curred much less frequently, consequently this type of  flow- 
er was not measured. Only yellow flowers were included 
in the survey. I could not  detect any differences in odor  
or appearence, in the visable and ultraviolet range, among 
flowers in the three groups. 

The sample size was 25 for each group of  flowers for 
each session. However,  during two of  the af ternoon sessions 
the bees stopped foraging before 25 flowers of  each group 
could be measured. The sample size was 17 and 23 on these 
two occasions. 

On three of  the sampling-days an additional group of  
flowers ("v is i ted")  was collected. Flowers were collected 
immediately after a bee visit and nectar volume was mea- 
sured. 

Results 

N e c t a r  measuremen t s  

The mean concentrations of  nectar for the three groups 
are shown in Table 1. There is no difference in concentra- 
tion among the standing crop, accept and reject flower 
groups (P = 0.223) for the full day. Broken down into morn-  
ing and af ternoon sessions, there is still no difference (morn- 
ing P = 0.648 ; af ternoon P = 0.317). 

Table 1 shows the comparison of  nectar volumes for 
the three groups. The mean volumes of  nectar for the three 
flower-groups are significantly different when data are ana- 



lyzed for the full day as well as when they are divided 
into morning and afternoon sessions, with the accepts hav- 
ing the most nectar, followed by the standing crop and 
then the rejects. Average volumes differ for all pairwise 
comparisons within the full day, afternoon session, and 
morning session. However, the standing crop vs accept 
comparison in the morning session is not different. These 
results mean that, for the full day, the bees obtained signifi- 
cantly more nectar than if they chose flowers randomly 
(24% more). However in the morning my random selection 
of flowers was as successful as the bees' choices. 

There is a large number of empty flowers in each group. 
Even in the morning standing crop, when most of the sam- 
pled flowers had not been visited that day, 46% contained 
no nectar. When empty flowers are excluded, the volumes 
of the three groups are not different (Table 1). The differ- 
ences in volume among the three groups is due to the differ- 
ences in the percent of flowers in each group that contained 
no nectar, with rejects having the most empty flowers fol- 
lowed by standing crop and then accepts. The only excep- 
tion is in the morning standing crop vs accept comparison 
which shows no difference in the percent of empty flowers 
(X2= 1.17; P>0.25). Thus, the bees increased their nectar 
intake because they were able to distinguish between empty 
and non-empty flowers; they did not discriminate among 
differences in the absolute amount of nectar. 

Visited flowers were not always thoroughly emptied. 
The nectar volume in visited flowers is not different from 
that of the rejects (Table 1). Only the rejects that were sam- 
pled at the same time as the visited group were used in 
this test. 

Discussion 

My study supports the theory that the bees' discrimination- 
behavior increases foraging efficiency. When foraging on 
L. corniculatus, honeybees are able to choose flowers that 
have more than the average amount of nectar and reject 
those flowers that have less. Each day the bees harvested 
24% more nectar than they would by random selection. 
Some of this gain in efficiency could be due to area-re- 
stricted foraging in nectar rich areas (Waddington 1980) 
rather than discrimination-behavior. Although area-re- 
stricted foraging could explain why the accepted flowers 
contained more nectar than the standing crop, it doesn't 
explain why bees reject flowers, why rejected flowers con- 
tain less nectar, or why rejected and accepted flowers are 
often found next to each other. 

It appears that as honeybees approach a flower, they 
decide to accept or reject that flower on the basis of how 
the flower smells. This decision is made either by smelling 
the flower while hovering over it or by briefly touching 
it with their antennae or feet. 

However, it is not clear what the bees are smelling. Mar- 
den (1984) and Bell et al. (1984) found that bees accepted 
flowers with relatively high amounts of  nectar and rejected 
those with less nectar, and concluded that the bees were 
smelling nectar. Another possibility deserves consideration. 
Since the absence of nectar is frequently caused by the ex- 
traction of the nectar by a bee, any other changes made 
by the visiting bee must also be investigated. It is possible 
that bees leave a scent when they visit a flower, so that 
flowers without nectar may also contain bee scent. There 
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is too much evidence for scent marking by bees to ignore 
this possibility. 

Many researchers have found that bees use scent mark- 
ings to communicate with conspecific bees. Ribbands (1955) 
suggested that the scents that honeybees use to mark food 
locations might also be used to mark visited flowers; these 
would then be avoided by subsequent foragers. Bumblebees 
(Cederberg 1977) and honeybees (Butler 1969) leave scent 
trails leading to their nests. These scents are applied by 
the bees' feet and presumably could also be left on flowers. 
Cameron (1981) found that bumblebees left scent marks 
on artificial flowers that were recognized by subsequent 
foragers. The best evidence to date of bees leaving scents 
as markers on visited flowers is from the study by Frankie 
and Vinson (1977) on Xyloeopa. They found that females 
left scents while visiting flowers that resulted in rejection 
of those flowers by conspecific females for a period of 
10 min. They were also able to remove nectar from un- 
visited flowers and showed that bees still visited those flow- 
ers, suggesting that Xylocopa females were using phero- 
mones, and not nectar scent, as an indicator of the presence 
of nectar. 

In the following section I will discuss some of the results 
of my study in terms of two possible hypotheses for how 
honeybees decide which flowers to accept and which to 
reject: (1) the bees accept and reject flowers based on nectar 
smell, and (2) the bees accept flowers with no bee scent 
and reject flowers with bee scent. These two hypotheses 
are not mutually exclusive, but the results of my study sup- 
port the hypothesis that honeybees use bee scents left on 
flowers by other foragers as an indicator of the presence 
or absence of nectar. 

The first piece of evidence that supports the idea that 
honeybees were not able to smell nectar is the observation 
that honeybees did not distinguish among different absolute 
amounts of nectar, but only between the presence or ab- 
sence of nectar. Many researchers (e.g. Ribbands 1955) 
have demonstrated that honeybees will use their ability to 
distinguish between minute differences in amounts of odori- 
ferous substances to increase their food intake. I f  the bees 
could smell nectar, they should have used this ability. 

There are additional observations that are inconsistant 
with the idea that honeybees are smelling nectar. It is diffi- 
cult to explain why honeybees accept flowers that contain 
no nectar 44% of the time and reject flowers with nectar 
30% of the time (Table 1). Some of this can be explained 
if the time of foraging is considered. 

When the foraging day is broken down into morning 
and afternoon sessions, the results show that the bees' be- 
havior pays off only in the afternoon. This may be due 
to differences between the morning and afternoon standing 
crop. Two differences are evident: (1) the morning standing 
crop had more flowers that contained nectar, and (2) the 
majority of the morning standing crop flowers had not been 
visited since the previous day, while many of the afternoon 
crop flowers had recently been visited. These differences 
have to be investigated in light of the two possible mecha- 
nisms. If  bees are smelling nectar, then why are they less 
successful in the morning when more nectar is present? 
If  anything, the signal would be stronger and the bees would 
be more successful. I f  bees are smelling bee scent, presum- 
ably the scent wears off with time (Frankie and Vinson 
1977; Cameron 1981). In the morning, many of the flowers 
contain no nectar but have not been visited recently. Addi- 
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tionally, when I covered flowers pr ior  to anthesis and mea- 
sured nectar  volume in flowers that  had  been opened at  
least one day,  8.4% ( n = l 1 9 )  contained no nectar  even 
though they had never been visited. I f  the decision is based 
on bee scent, bees would accept these flowers even though 
they contained no nectar. This may  explain why bees accept 
so many  flowers with no nectar th roughout  the day (if the 
bees are smelling nectar, this result is hard to explain). In 
the afternoon,  many  o f  the empty flowers had been visited 
recently. This explains why the bees are more successful 
in the af ternoon than in the morning.  This type of  flower 
could be par t  of  the accepted empty  flowers. Why then 
did the bees reject flowers with nectar  present? Flowers  
that  had been visited were not  significantly different from 
rejected flowers. I t  is possible for flowers to contain  bee 
scent and nectar. Rejected nectar-containing flowers can 
be explained as recently visited but  not  throughly emptied 
flowers. 

A n  alternative explanat ion for the bees' less efficient 
foraging is that  the bees cannot  accurately locate the source 
of  the odor ,  whether the odor  is nectar  or  bee scent. Since 
the flowers often touch each other, accurate discriminat ion 
may be impossible.  This explanat ion still does not  explain 
the discrepancy between the foraging results in the morning 
and the afternoon.  

Addi t iona l  evidence against  the hypothesis  that  honey- 
bees are smelling nectar  comes from an examinat ion of  the 
possibil i ty of  odori ferous nectar  from the viewpoint  of  the 
plant.  Heinrich (1979) was able to smell clover nectar  but  
I know of  no other  reports  of  odoriferous nectar. A t  face 
value, the evolut ion of  odoriferous nectar  seems unlikely. 
I f  a p lant  advertises its nectar, then pol l inators  will only 
visit flowers that  contain nectar. F lowers  that  have been 
recently visited would not  reap the benefits of  pol l ina tor  
visits. I t  may make more sense for plants  to make the pollin- 
a tor  deliver without  a guarantee of  payment .  Casper  and 
La Pine (1984) suggested three p lant  at t r ibutes that  would 
make it advantageous  for a p lant  to advertise the presence 
of  nectar  and /o r  pollen. Al though they were studying the 
change of  corol la  color  as a way of  advert ising the presence 
of  rewards to poll inators ,  the arguments  they present  are 
appl icable to odoriferous nectar. Odoriferous nectar  could 
be explained if: (1) the p lant ' s  entire pollen load is removed 
in one visit, or (2) the plant  must  compete  for poll inators ,  
or (3) the plant  needs only one visit to fertilize all of  its 
ovules. At  least two o f  the three condit ions do not  seem 
to apply to L. corniculatus and the other condi t ion was 
shown not  to occur in another  s tudy:  (1) many  visits are 
necessary to remove all of  the pollen from a single flower 
(personal  observation),  (2) Stephenson (1984) found that  
reproductive output  was not  pol l ina tor  l imited in fields of  
L. corniculatus (this, of  course, does not  prove that  poll ina-  
tors were not  the limiting factor in my study), and (3) Morse  
(1958) showed that  L. corniculatus flowers are open from 
3 to 10 days and require 12 to 25 visits for max imum seed 
set. On the basis o f  this evidence, L. corniculatus does not  
seem a likely candidate  for odoriferous nectar. However,  
the possibil i ty of  compet i t ion for pol l inators  sometime in 
the past  can not  be ruled out  as a possible selective pressure 
for the evolution o f  odoriferous nectar. Plants  that  advertise 

their reward make foraging less of  a gamble for poll inators .  
I f  two plants  occur together  and only one advertises the 
presence of  food, the plant  that  advertises could receive 
substantial ly more  pol l ina tor  visits and thus produce  more 
offspring. 

The results of  my study give an ul t imate explanat ion 
for the discriminating behavior  but  do not  give a proximate  
one. The critical experiments would be to (1) remove nectar  
from an unvisited flower and (2) inject nectar into flowers 
immediately after they have been visited. Observat ion o f  
these two types o f  manipula ted  flowers, as bees accept or 
reject them, would give evidence as to the mechanism in- 
volved. 
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