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Summary. The work reported here is motivated 
by questions relating to the perception of olfactory 
cues in the discrimination of nestmates and kin 
in the honeybee Apis mellifera. Two sets of  experi- 
ments are discussed. The first deals with the per- 
ception of individual compounds in mixtures made 
up from various pairs of  volatile (citral, geraniol, 
linalool, and limonene) and nonvolatile (un- and 
dodecanoic acids) compounds. The second deals 
with the ability of worker honeybees to discrimi- 
nate between mixtures made up from the same two 
compounds (un- and dodecanoic acids; tri- and 
pentacosane) combined in different proportions. 
All experiments employ differential conditioning 
of the proboscis extension reflex as an assay of 
the ability of workers to discriminate between two 
odors. Results show that workers can relate mix- 
tures to their component parts, and that workers 
can discriminate between mixtures of two very sim- 
ilar compounds as long as the proportions are rela- 
tively dissimilar. 

Introduction 

The physiology of olfactory receptors in insects 
has been extensively studied (for a review see 
Kaissling 1986) and the neural pathways asso- 
ciated with olfaction have been mapped out in 
some detail, especially in the honeybee Apis melli- 
fera (see Mobbs 1985). Despite this, little is known 
about the mechanisms of odor perception; and 
most organismal level studies involving olfaction 
have focused on learning (for example: Menzel 
et al. 1974; Bitterman et al. 1983) and not on per- 
ception per se. 

Early experiments on odor learning in honey- 
bees involved free flying insects (see von Frisch 

1967) and, more recently, classical conditioning of 
the proboscis extension reflex (Vareschi 1971; Bit- 
terman et al. 1983). From this and other work 
(Kriston 1973; Menzel et al. 1974; also see Menzel 
1985) it is known that floral-like odors are usually 
learned within one or two trials while geraniol (a 
component of the Nassanov gland secretion which 
is used as a marker by workers) is learned even 
more rapidly. Further, as reviewed by Menzel 
(1985), it is possible to condition honeybees to as- 
sociate feeding with such known worker repellents 
as propanol, and associative learning is generally 
more rapid with odors than visual stimuli. The lat- 
ter is not surprising since odors play a central role 
in both the ecology and sociobiology of the honey- 
bee. For example, odors are used to discriminate 
between flowers thereby enhancing foraging effi- 
ciency (see Seeley 1985 Chapt. 9). More interest- 
ingly, recent results indicate that worker honeybees 
preferentially rear full sisters over half sisters 
(Noonan 1985; Page and Erickson 1984; Visscher 
1985; but see Breed et al. 1984). These results im- 
plicate kin discrimination based on genetically de- 
termined olfactory cues. 

Olfaction mediates nestmate discrimination in 
several species of social insects (reviewed in Gadag- 
kar 1985) including carpenter ants (Camponotus 
spp.), (Carlin and H611dobler 1986), sweat bees 
(Lasioglossum zephyrum) (Smith and Wenzel, ms.), 
and paper wasps (Polistes spp.) (Gamboa et al. 
1986). It is also known that honeybee workers each 
have a distinct olfactory signature (Breed 1983, 
1985; Getz and Smith 1983, 1986). In fact, this 
olfactory signature has both volatile (Getz et al. 
1986) and non-volatile components (for example, 
in the cuticular wax - see Carlson and Bolten 
1984). 

The process of kin discrimination has two as- 
pects: the origin of the labels (also referred to in 



240 W.M. Getz and K.B. Smith: Honeybee olfaction 

the literature as cues and discriminators); and the 
perception of the labels. Differential training of 
the proboscis extension reflex can be used to ex- 
plore questions relating to both the origin and per- 
ception of kin discrimination odor cues. Work re- 
lating to the origin of such cues is reported else- 
where (Getz et al. 1986). 

Here we report the results of experiments de- 
signed to address two questions on the perception 
of olfactory stimuli by worker honeybees. The first 
relates to the perception of the individual compo- 
nents within an odor comprised of two compo- 
nents. It has a bearing on assumptions that have 
been made in modeling the kin recognition process 
(see: Breed and Bennett, in press; Crozier and Dix 
1979; Getz 1981, 1982; Lacy and Sherman 1983). 
For example, several mechanisms for discrimina- 
tion have been suggested including recognition of 
a labeling genotype (assuming a one-to-one corre- 
spondence between phenotype labels and alleles) 
and the rejection of unknown labels (Getz 1982). 
The latter assumes that individual components can 
be perceived in the overall phenotype odor, while 
the former does not necessarily rely on discrimina- 
tion at the odor component level. 

The second question relates to the sensitivity 
of the honeybee olfactory system in discriminating 
between odors and compounds that are chemically 
very similar. It has a bearing on how dissimilar 
two odor phenotypes must be before they are per- 
ceived as being different. The terminology pheno- 
type matching is used to describe the process in 
which the labeling phenotype of an 'observee' is 
compared in an observer's memory to a referent 
template (for a discussion see: Gadagkar 1985; 
Holmes and Sherman 1983). How this matching 
might take place is an intriguing question and, in 
the context of olfactory cues, is discussed in detail 
elsewhere (Getz and Chapman 1986). 

Differential training followed the basic methods described 
in Getz et al. (1986). Individual bees were classically condi- 
tioned using a 1.5 M sucrose solution as a positive uncondi- 
tioned stimulus (US + ) to extend their proboscis when stimu- 
lated with one odor (positive conditioned stimulus, CS+). Note 
that  the US + was applied immediately after a 3 s application 
of the CS + (for more details see: Bitterman et al. 1983; Getz 
et al. 1986). At  the same time they were also trained using 
a 1.0 M solution of sodium chloride as a negative uncondi- 
tioned stimulus ( U S )  not  to extend their proboscis when stim- 
ulated with a second odor (CS-).  Note that  in this case the 
US was only applied if the proboscis was extended during 
a 3 s application of the CS- .  Bees were trained to discriminate 
between either two volatile odors applied to the antennae on 
a stream of air or two 'waxy '  solids that  had been allowed 
to deposit on 50 mm long, 1 mm outer diameter, hollow, glass 
rods which were held to the antennae. The volatile odors were 
obtained from 0.25 cm z pieces of filter paper soaked in one 
of the following compounds and placed in 50 ml glass flasks 
through which compressed air was blown at the rate of 240 ml/ 
min: citral (approximately 95% purity with 63% eis and 32% 
trans isomers), geraniol (95% to 97% purity), limonene (purity 
not given), and linalool (purity not  given). Odors consisting 
of a mixture of two volatile compounds were obtained by com- 
bining streams of air each blown through a different flask at 
the rate of 120 ml/min. The waxes were obtained by dipping 
the rods in either chloroform solutions containing various con- 
centrations of the two fatty acids, undecanoic (approximately 
99% purity) and dodecanoic (greater than 99% purity) acids, 
or hexane solutions containing various proportions of the two 
n-alkanes, tricosane (greater than 99% purity) and pentacosane 
(98 % purity or greater), and letting the solvent evaporate. Rods 
thus prepared were stored in a refrigerator and used within 
1 to 4 days of preparation. In one set of experiments, 20 g 
of fatty acid were placed in 50 ml flasks to obtain (as described 
above) volatiles given off by these solids. 

In each experiment, approximately 30 bees were differen- 
tially conditioned to two odors using an 8 trial training se- 
quence; that  is, every 5 to 10 min each bee was placed in turn 
on a platform below an air exhaust system and either presented 
with one odor (CS +) and the associated US + or presented with 
the other odor (CS-)  and when necessary the associated U S - .  
The odors were presented in the following sequence: 

Training sequence 
_ ~ t r i a l :  1 2 3 4 5 6 7 8 (1) 
- [ C S :  + + - + + -- 

The following two sets of experiments were performed. 

Materials and methods 

Worker honeybees used as test individuals in all the proboscis 
extension training trials were obtained from an observation hive 
located in our laboratory. The queen had been reared and in- 
strumentally inseminated the previous season with semen from 
two drones using stocks maintained by local bee breeders. Late 
in the afternoon on the day before an experiment, 40 to 50 
workers (primarily foragers) were removed from the entrance 
to the hive or the outermost comb. As in earlier studies (Getz 
et al. 1986), these workers were cooled until motionless and 
then harnessed in small brass tubes with their mouthparts,  an- 
tennae and legs free to move. They were then fed a 1.5 M 
sucrose solution until satiated and left overnight in the dark, 
at room temperature (around 18 ~ The following morning, 
one half to one hour  prior to training, each bee was fed several 
droplets of sucrose solution to assuage its hunger. 

Mixture perception experiments. In these experiments, all odors 
were presented as airborne volatiles. Immediately following the 
8-trial training sequence, a 9th trial was conducted in which 
1/3 of the test bees were presented with the CS +, 1/3 with 
the CS- ,  and 1/3 with a novel but  related odor denoted by 
NS. The response data for the three groups could then be com- 
pared and inferences made on how workers perceived the NS 
in relation to the CS + and CS- .  For  the pairs of compounds 
listed below, but  labeled A and B here for generality, three 
different cases were examined : 

Case l .  C S + = A ,  CS =B,  a n d N S = A + B .  

Case 2. CS + = A + B ,  CS =A,  and N S = B .  

Case 3. CS + =A,  CS-  = A + B ,  and N S = B .  

The response of individuals to this 9th trial was recorded. For 
purposes of comparison bees were classified as learners or non- 
learners according to whether they responded correctly or not 
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during trials 7 and 8 in sequence (1) above; that  is, learners 
extended their proboscis during trial 7 but not during trial 8, 
while non-learners responded during both  trials or during nei- 
ther trial. Less than 2% of individuals got both  wrong, and 
the data from them were discarded for purposes of analysis. 
The following 8 pairings of  compounds were tested: A = limon- 
ene, B = linalool and vice versa; A = geraniol, B = limonene and 
vice versa; A=geranio l ,  B=c i t r a l  and vice versa; and, A =  
undecanoic acid, B = dodecanoic acid and vice versa. 

Mixture sensitivity experiments. In these experiments all odors 
were presented as mixtures of waxes that  had crystallized on 
glass rods, as described above. The training sequence ( i )  was 
immediately followed by an identical evaluation sequence of 
8 trials, that  is: 
Evaluation sequence 

_~trial :  9 10 11 12 13 14 15 16 
- [ C S :  + + _ + + _ (2)  

If  an individual bee extended its proboscis during presentation 
o f a  CS-( tr ia ls  10, 11, 13 and 16) or did not  extend its proboscis 
during presentation of a CS+(trials 9, 12, 14 and 15) then a 
1 (error) was recorded for each of these occasions, otherwise 
a 0 was recorded. Thus each bee made from 0 to 8 errors 
and an error frequency histogram was constructed for the ap- 
proximately 35 bees tested (range was 27-46) in each of the 
comparisons of odor mixtures listed below. The average error 
for the group for each comparison can then be used as a mea- 
sure of how well the group performed at discriminating between 
the two mixtures. The results obtained for any two comparisons 
can be compared statistically using an n x 2 chi-squared contin- 
gency table analysis. Although 9 error categories are possible, 
the tails of the histograms were lumped to ensure that  expected 
cell frequencies were at least 2 (Sachs 1982, p. 464). 

For  each pair of compounds A and B, the following com- 
parisons were performed, where the notat ion CS = x :y  signifies 
that  the CS is made up of x% of compound A and y% of 
compound B. If  the CS § and CS-  are regarded as vectors 
(points connected to the origin) in x-y space, then the angle 
0 between these odors provides a measure of their separation 
(for further details see Getz and Chapman 1986). Note that  
the angle 0 can be calculated using the formula 

c o s O : ( x  +x_ + y + y_ ) /!/(x~+ + y~+ ) ( x 2_ + y_ 

where x+ corresponds to the proport ion of compound A in 
the CS +, etc. 

Comparison 1. C S + =  100:0, C S - :  100:0, 0 = 0  ~ 

Comparison 

Comparison 

Comparison 

Comparison 

Comparison 

Comparison 

Comparison 

Comparison 

Comparison 

Comparlson 

Comparison 

Comparison 

Comparison 

2. CS + =50:50 ,  C S - = 5 0 : 5 0 ,  0 = 0  ~ 

3: CS+ = 100:0, CS-  =90:10 ,  0 = 6  ~ 

4. CS+ =0:100,  CS-  = 10:90, 0 = 6  ~ 

5. CS + = 5 0 : 5 0 , C S  =90:10,  0 = 3 9  ~ 

6. CS+=50 :50 ,  CS = 1 0 : 9 0 , 0 : 3 9  ~ 

7. CS+ =50:50 ,  CS-  = 100:0, 0 = 4 5  ~ 

8. CS + =50:50,  C S - : 0 : 1 0 0 ,  0 = 4 5  ~ 

9. C S + : 9 0 : 1 0 ,  CS =10:90,  0 = 7 7  ~ 

10. CS + =10:90 ,  CS-  =90:10 ,  0 = 7 7  ~ 

11. CS + = 1 0 0 : 0 , C S  = 1 0 : 9 0 , 0 = 8 4  ~ 

12. CS + =0:100 ,  C S - = 9 0 : 1 0 ,  0 = 8 4  ~ 

13. C S + = 1 0 0 : 0 ,  CS =0:100,  0 = 9 0  ~ 

14. CS + = 0 : 1 0 0 , C S  =100:0 ,  0=90 ~ 

These Comparisons were carried out for mixtures made up from 
the following pairs of compounds:  A =undecanoic,  B =  dode- 
canoic acid; and A = tricosane, B = pentacosane. 

R e s u l t s  

M i x t u r e  p e r c e p t i o n  e x p e r i m e n t s  

For each pair of compounds the results can be 
tabulated in a 3 x 3 table, where the three columns 
respectively indicate the response in the ninth trial 
of  the subgroup (1/3 of  total sample) presented 
with compounds A, B and A +B, and the three 
rows respectively correspond to the three Cases 
listed in the Methods. Based on the hypothesis that  
workers can not only associate a mixture with its 
individual components, but separate out these 
components in the context of  differential training 
of the proboscis extension reflex, Table 1 A indi- 

Table 1. Percentage response a of individuals to three odors after 
being differentially trained to two of these odors b 

A. Hypothetical B. Overall ~ 

A B A + B  A B A + B  

1 100 0 ? 1 100 23 86 
c s  + c s -  NS (126) (129) (132) 

2 0 100 100 2 63 89 97 
CS - NS CS + (197) (197) (195) 

3 100 0 0 3 94 41 53 
CS + NS CS - (102) (204) (20) 

C. Learnersd' e D. Non-learners d' f 

A B A + B  A B A + B  

1 100 6 81 1 100 54 94 
(80) (83) (85) (46) (46) (47) 

2 33 87 97 2 72 90 97 
(42) (47) (39) (156) (155) (150) 

3 90 22 30 3 95 47 60 
(48) (51) (47) (154) (153) (154) 

Sample sizes are in parenthesis. All tests of significance are 
chi-squared contingency table, except where otherwise speci- 
fied 

b Differential training involves a CS + and CS-  (see text for 
details). The NS is a novel stimulus 
In each row, each entry is significantly different from the 
other two entries at least at P<0.005,  except for entries 2 
and 3 in row 3 where P > 0 . 1  

a Learners are defined to be those individuals that  responded 
correctly to trials 7 and 8 during training. The remaining 
individuals are non-learners 
In each row, each entry is significantly different from the 
other two entries at P<0.001,  except for entries 2 and 3 
in row 2 (P=0 .09  Fisher's exact test) and entries 2 and 3 
in row 3 (P>0 .5 )  

f In each row, each entry is significantly different from the 
other two entries at least at P<0 .05 ,  except for entries 1 
and 3 in row 1 where P =  0.12 (Fisher's exact test) 
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Table 2. Combined results on learning in mixture perception 
experiments 

A. By Case a 

Case Percent learners b' c Sample size 

1. 64 387 
2. 22 590 
3. 24 607 

B. By pairs of compounds d 

Pairs Percent Sample 
learners b. e size 

Limonene and linalool 48 445 
Limonene and geraniol 37 488 
Citral and geraniol 31 429 
Un- and dodecanioc acids 22 222 

a Case 1 corresponds to row 1 in Table 1B 
b Learners are defined to be those individuals that responded 

correctly to trials 7 and 8 during training. The remaining 
individuals are non-learners 

c The first column entry is significantly different from the other 
two column entries at P < 0.001 (chi-squared contingency ta- 
bles) 

d Results from symmetrical pairs are combined, e.g. A = lina- 
lool, B = limonene and A = limonene, B = linalool 

~ This is the average percentage across Cases 1-3. Because 
sample sizes vary between Cases and between pairs, however, 
it is only valid to statistically compare learning rates on a 
per Case basis. In Case 1, for example, learning for the first 
pair of compounds was significantly greater than for the 
other three pairs at P<0.01; while in Case 3, learning for 
the last pair of compounds was significantly less than for 
the other 3 pairs at P < 0.001 (chi-squared contingency tables) 

cates a ' p e r f e c t '  result. N o t e  tha t  we do not  neces- 
sarily need to assume tha t  the c o m p o n e n t s  are indi- 
vidual ly perceived per  se, only  tha t  a mixture  is 
associated as being similar to its c o m p o n e n t s  in 
some sense. Also, it is no t  a priori k n o w n  how 
individuals will resolve the conflict  o f  whether  to 
respond  to A + B when t ra ined to respond  to A 
but  not  to respond  to B. Hence  the entry  in row 1, 
co lumn 3 is filled with a quest ion mark .  

The results combined  across all 8 pair ings o f  
c o m p o u n d s  are given in Table  1 B, but  are split 
into learners and  non-learners in Tables  1 C and  
1 D (recall tha t  learners are individuals responding  
correct ly  dur ing trials 7 and  8). The  actual  percent  
o f  learners is summar ized  by  Case categories in 
Table  2 A  and by  c o m p o u n d  pair ing categories in 
Table  2B. In  b o t h  sets o f  tables, differences be- 
tween entries certain are significant;  details are giv- 
en in the foo tno tes  to these tables. 

F o r  Case 1, 7 o f  the 8 pair ings fol lowed the 
same pa t t e rn  as the row 1 entries in Table  1 B. F o r  
the pair  CS + = l imonene and  C S -  = linalool,  how-  

ever, the responses were A -- 100%, B =  11%, A + 
B- - -50%;  the second response  being closer to the 
theoret ical  value o f  0 %  (NS, 0 . 1 < P < 0 . 0 5  chi- 
squared  cont ingency table analysis with n =  129), 
and  the third response  being significantly lower  
than  the cor responding  entry  o f  86% ( P < 0 . 0 0 1 ,  
chi -squared cont ingency table analysis with n =  
132). 

F o r  Case 2, the results were more  var iable  ac- 
ross pairs  than  for  Case 1, bu t  again the results 
closest to the hypothet ica l  Table  1 A involved li- 
monene  and  l inalool;  namely ,  CS + = l imonene  + 
linalool,  C S - = l i m o n e n e  and  N S = l i n a l o o l .  The  
cor responding  row 2 entries were A = 1 8 % ,  B =  
100%, A + B =  100%. The  first response is signifi- 
cantly less than  the cor responding  entry  o f  63% 
in Tab le  1 B at  P <  0.001 (chi-squared cont ingency 
table analysis with n =  197). In  cont ras t  to this, 
l inalool in a l imonene  background ,  that  is CS § = 
l imonene  + linalool, CS - = linalool,  and  NS = li- 
monene  gave p o o r  results with A = 80%,  B =  76%,  
A + B =  96%. The  A and B responses for  these two 
sets are significantly different at  P < 0 . 0 0 1  (chi- 
squared and  Fisher ' s  exact  tests with n - - 5 3  and  
n = 52 respectively). 

F o r  Case 3, the results were again  more  vari-  
able across pairs  than  for  Case 1. Also, as in 
Case 2, l imonene in a l inalool background ,  tha t  
is CS § = l imonene  and  CS - -- l imonene + linalool, 
gave results closest to Table  1 A, namely  A = 97%,  
B- -  10%, A + B = 37% (both  are significantly less 
than  the cor responding  entries o f  41% and 53% 
in Tab le  1 B, respectively at  the levels P < 0.05 and  
P < 0 . 0 0 1  using a chi-squared cont ingency table 
analysis). 

F r o m  Table  2 A, we see tha t  the task of  t ra ining 
individuals to discr iminate  between two com-  
pounds  is m o r e  easily accompl ished  than  t raining 
them to discr iminate  between a mixture  and  one 
of  the c o m p o n e n t s  in that  mix ture  (the significance 
o f  these results are given in foo tno te  c). The entries 
in Table  2 B summar ize  how easily individuals can 
be differentially t ra ined with respect  to the differ- 
ent pairs  o f  c o m p o u n d s  tested, when  the results 
are combined  across all three Cases (the signifi- 
cances of  these results are given in foo tno te  e). 

Mixture sensitivity experiments 

F o r  each of  the two pairs  o f  mixtures,  the results 
for  the set o f  C o m p a r i s o n s  1-14 can be s u m m a -  
rized by plot t ing the average  er ror  for  each C o m -  
par i son  in te rms o f  the angle measur ing  the dis- 
tance between the two mixtures  used in the differ- 
ential  t ra ining procedure .  This  is i l lustrated in 
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Fig. 1. The average error for each of the 14 Comparisons Is 
plotted in A for the un- and dodecanoic series, and in B for 
the tri- and pentacosane series of experiments. Asterisks indi- 
cate that  results for the two Comparisons representing the same 
angle are significantly different at P < 0.05 (see text for statisti- 
cal details). The data for Comparisons 1 and 2 can be combined 
in each series to provide a no-learning control. The data for 
each of Comparisons 3-14 were compared with this control. 
Single and double hatching respectively denote that  differences 
are significant at P < 0 . 0 5  and P<0.001  (see text for further 
details) 

Fig. 1A for un- and dodecanoic acids, and in 
Fig. 1 B for tri- and pentacosane. Since there is no 
reason to assume that the error rate can be charac- 
terized as a linear function of  the angle between 
odors (a monotonic non-linear relationship such 
as cos 0 may be more plausible, as discussed in 
Getz and Chapman 1986), the non-parametric 
Spearmen rank correlation test with ties (see Sachs 
p. 401) was used to test the significance of  the in- 
crease in discrimination (that is, reduction in aver- 
age error) with increase in angle. Correlation coef- 
ficients for the two sets of data were respectively 
r=0 .87  and r=0.89.  Both are significant at P <  
0.001. Note that in Fig. 1, asterisks indicate wheth- 

er the results for Comparison with the same angle 
differed significantly (P<0.05,  n x 2 chi-squared 
analysis described in the Methods). For each series 
of  14 Comparisons, a set of  data to be used as 
a control for no-learning was obtained by combin- 
ing the results of  Comparisons I and 2. Hatching 
indicates whether the data for the individual Com- 
parisons 3-14 differed significantly from the com- 
bined data of  Comparisons 1 and 2. Note that 
some Comparisons differed significantly from the 
no-learning control even though the average errors 
were very similar. These differences were due to 
the shapes of  the histograms (for example, flat ver- 
sus peaked) rather than the mean error values. For 
example the significance of  the differences between 
Comparison 3 and combined Comparisons 1 and 
2 in Table 1 B is related to the fact that respectively 
76% and 56% of individuals are in the 4-error 
category of  the two histograms. 

Discussion 

Conclusions can be drawn from the results with 
varying degrees of confidence. First and most obvi- 
ous is the fact that worker bees could be trained 
to discriminate between all compounds (but ex- 
cluding similar mixtures) that were paired in both 
sets of  experiments. This was not surprising for 
the volatile compounds, citral, geraniol, limonene, 
and linalool. These compounds are constituents of  
pheromones and/or plant odors, and have pre- 
viously been used by Bitterman et al. (1983) in dif- 
ferential conditioning experiments to investigate 
learning in honeybees. Work by Vareschi (1971), 
however, indicates that worker honeybees condi- 
tioned to respond to undecanoic acid will, to some 
extent, respond as though trained to dodecanoic 
acid, and vice versa. Further, Vareschi's work indi- 
cates that these two fatty acids stimulate the same 
population of  sensory cells in the antennae. Thus 
a priori it was not clear that worker honeybees 
could be differentially conditioned to discriminate 
between these two substances. In fact, the differ- 
ence between the first two results (same odor - 
Comparisons I and 2) and the last two results 
(Comparisons 13 and 14) in Fig. 1A (un- versus 
dodecanoic acids) indicates a stronger level of  dis- 
crimination than we have previously obtained in 
any differential conditioning experiments including 
training workers to discriminate between lavender 
and unmodified air from a compressed air cylinder 
(Getz et al. 1986). The lavender, however, was de- 
livered on a stream of air so that the high level 
of discrimination between the two fatty acids 
could, in part, be attributed to the antennae mak- 



244 W.M. Getz and K.B. Smith: Honeybee olfaction 

ing contact with the fatty acid deposits on the glass 
rod. From Fig. 1 B we see that workers also learn 
to discriminate between tricosane and pentaco- 
sane, although not as strongly as with the fatty 
acids. 

Fatty acids and odd-numbered n - a l k a n e s  are 
either found in or known to be constituents of 
cuticular waxes in the honeybee, A. rnellifera (see 
Carlson and Bolten 1984) and, therefore, may po- 
tentially provide cues for kin discrimination within 
the hive. The difference between individuals, how- 
ever, may be in the relative proportion rather than 
the presence or absence of these compounds in the 
cuticular wax. If the results of Comparisons I and 
2 in Fig. 1 A and B are taken as baseline data when 
no odor discrimination is possible (odors 1 and 
2 in these runs are the same compound or the same 
mixture of compounds), then discrimination is evi- 
dent in many of the remaining 12 Comparisons 
(hatched bars in Fig. 1). Although there is a trend 
toward increased levels of discrimination as odors 
separate (as measured by the angle 0) in the odor 
component space, the results are variable. For ex- 
ample, the strongest level of  discrimination was 
not between the two pure n - a l k a n e s  (Compari- 
sons 13 and 14, Fig. 1 B) but involved the compari- 
son of a 90: 10 to a 0:100 mixture of tri-:pentaco- 
sane (Comparison 12) and to a 10:90 mixture of 
the same (Comparison 10). We feel these results 
are not just attributable to experimental variation, 
but to the fact that different mixtures may have 
different textures. Because all the molecules are 
not the same size in mixtures, the composites they 
form as they are deposited could lead to texture 
differences. We noticed in our preparation of mix- 
tures that some mixtures took much longer to de- 
posit on the glass rods than others. Thus one of 
the problems with the glass rod technique used 
in these experiment are that sensory modalities of  
touch are confounded with those of olfaction. 

The results of the mixture perception experi- 
ments indicate that, although worker bees have 
some ability to associate different mixtures made 
up from the same compounds with each other, the 
success of this task depends on the particular com- 
pounds involved. For example, they seem to be 
able to most easily separate out limonene from 
linalool. On the other hand, although the mixture 
sensitivity experiments indicate quite clearly that 
workers can discriminate between different mix- 
tures of un- and dodecanoic acids, they have diffi- 
culty in separating out these components for asso- 
ciation purposes. From these results, however, one 
cannot infer that workers are actually able to iden- 
tify the components of mixtures. Rather, one can 

only infer that if a particular odor (say NS = B) 
is more like one odor (say CS + = A  + B) than an- 
other (say C S - = A ) ,  then an association is made 
between the first two odors (that is between NS 
and CS+). 

Comparing Tables 1 C and 1 D, it is clear that 
the group of  test bees responding correctly to trials 
7 and 8 (learners) performed much better than the 
remaining group of test bees (non-learners). The 
proportion of learners in an experiment depended 
both on the task being performed (Table 2 A) and 
on the pair of  compounds used (Table 2 B). In both 
learners and especially non-learners, we see from 
the entries in column 3, row 1 of  Tables 1 C and 
D that, when confronted with an ambiguous situa- 
tion, most workers respond. Thus the difference 
between the hypothetical 0% in entries (2, 1), (3, 
2) and (3, 3) in Table 1 A, and the corresponding 
entries of 33%, 22% and 30% in Table 1C could 
in part be due to this tendency to respond when 
confused. This becomes more evident when we 
consider that the non-response percentage levels 
(that is, the percentage response subtracted from 
100%) corresponding to entries (2, 2), (2, 3) and 
(3, 1) in Table 1C are 13%, 3% and 10%, which 
are much closer to the hypothetical 0% than the 
first 3 entries mentioned. 

Although extension of the proboscis is an out- 
of-context response for kin discrimination based 
on odor cues, and care must be taken in interpret- 
ing results, it is clear that differential training of 
this reflex can provide valuable insights relating 
to the question of kin discrimination in honeybees 
using chemical cues and also to mechanisms of 
olfaction. 
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