
Table 1. Median latency (in seconds) for 
dogs to approach cohabitant and noncohab-
itant rabbits. Separate analyses of variance 
upon the scores obtained in a logarithmic
transformation of the prime data indicate 
that the three groups of dogs differed in their 
latency in approaching both the familiar (F 
= 6.61, df = 2/27, P <.01) and unfamiliar 
(F = 6.21, df = 2/27, P<.Ol) test animals. 

Test animal 
Condition 

Cohabitant Noncohabitant 

Interaction 4.0 9.0 
Noninteraction 8.0 52.5 
Isolation 128.0 193.0 

did not approach the test animal within 
5 minutes, the test was terminated. 
Again, the groups differed markedly in 
their approach behavior. Median la-
tencies are presented in Table 1. Ani-
mals in the interaction condition had 
the shortest latencies, while animals in 
the isolation condition had the longest 
latencies, with the latter dogs frequent-
ly failing to contact the test rabbit in 
the entire 5-minute period (5). Appar-
ently the essential phenomenon is 
trans-situational, and not restricted to 
a given test arrangement or limited to 
the particular rabbit with which the 
pup had cohabited. 

These data are consistent in showing 
that interspecific rearing conditions 
have a pervasive influence on the young 
dog's response to another species to 

which it has been exposed. One of the 
more remarkable features of these re-

sults was the rapidity of formation of 
the interspecific attachment. Subse-
quent experiments confirmed that the 
phenomenon was not an artifact of the 
test procedures adopted nor of the re-
sponse index employed. Independent 
removal-replacement results were ob-
tained from a new group of 31 dogs 
maintained in an interaction condition 
similar to that of the first experiment, 
but tested only after 88 hours of co-
habitation (6). These results, which 
were free of the influence of repeated 
testing, were not significantly different 
from those obtained after 96 hours of 
interaction-cohabitation in the first ex-
periment. Nor were the effects restrict-
ed to the vocalization-disruption mea-
sure. After 4 days in the interaction 
condition, a significant shift was ob-
tained in the preference of the experi-
mental dogs for the rabbits. These data 
strongly suggest that significant changes 
in social preference occur over rela-
tively short periods. A recently com-
pleted study by Fleener (7) indicates 
that human infants share this capacity 
for the rapid estalblishment of social 
preferences. 
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Observations of the animals in the 
first week of cohabitation yielded data 
which were consistent with the quanti-
tative results. After an initial period 
of mutual avoidance, a considerable 
portion of the young dog's time was 
spent in grooming, lying upon, and 
gnawing at the extremities of his co-

habitant. Such behavior continued 
throughout the duration of the experi-
ment. As the dogs grew older and more 
capable of inflicting physical damage 
through grooming and "play" activities, 
the outcomes became increasingly more 
noxious to the rabbit cohabitant. By 
the 8th week of cohabitation, six of 
the ten rabbits in the interaction con-
dition were severely injured and the 
pairings were discontinued. Contrary to 
the earlier reports of Kuo (8), contin-
ued cohabitation is not necessarily as-

sociated with the development and 
maintenance of peaceful relationships 
between species. 

Preliminary information was ob-
tained on the post-experimental sexual 
adaptation of dogs that had cohabitated 
with rabbits. A follow-up study of the 
subgroup of six female beagles used in 
the two experiments indicated that alien 
cohabitation does not necessarily in-
hibit the development of species-
appropriate reproductive activities. Of 
the six animals observed in maturity, 
four were successfully mated and pro-
duced litters in their first heat. Parallel 
data on male dogs unfortunately were 
not obtained. 
Our results clearly indicate that the 

young dog's experience prior to the 
3rd week of life does not preclude the 
rapid establishment of a "new" social 
bond with respect to a member of an-
other species. Moreover, early expo-
sure to an animal of another species 
does not insure against the subsequent 
development of antagonistic patterns of 
interaction with that species. 
The present findings thus are consist-

ent with recent reports which empha-
size the role of contemporary events, 
both endogenous and exogenous, in 
the control of the social behavior (9). 
Specifically, studies of the post-emer-
gence behavior of dogs reared in com-
plete isolation have demonstrated that 
the intensity of the treatment effects 
can be greatly modified by varying the 
conditions of emergence (10). Similar-
ly, our previous work indicates that 
the primary effects of interspecific rear-
ing in sheep can be reversed (11). While 
some long-term effects of early experi-
ence on social and sexual behavior pat-
terns cannot be gainsaid (12), our data 

indicate that a critical examination of 
the conditions required for the persist-
ence of such effects is in order. 

ROBERT B. CAIRNs 
Department of Psychology, 
Indiana University, Bloomington 

JACK WERBOFF 
Jackson Laboratory, Hamilton 
Station, Bar Harbor, Maine 04609 
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21 August 1967 

Honeybees: Do They Use Direction 
and Distance Information Provided 
by Their Dancers? 

My experiments on the language of 
the bees (1) received new impetus 
when I discovered that successful for-
ager bees upon their return to the hive 
inform their hive mates of the loca-
tion of the feeding place by wagging 
dances (2, 3). The direction of the 
goal in relation to the sun's position 
and to the polarized light of the sky 
is indicated by means of the straight 
part in the wagging run. The distance 
to the feeding place is announced by 
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the speed of the dance movement 
(2,3).

Recently Johnson (4) and Wenner 
(5) have expressed a different view. 
They agree that the dancers in the 
hive indicate the distance as well as 
the direction of the goal, but they be-
lieve that the hive mates do not make 
any use of the indication of distance 
(5) and that the information about 
direction is not used (4) to the ac-
curacy stated in my publications. They 
propose that the newcomers in their 
search for the goal are guided by local 
scents at the feeding site. 

I thought the same when I first ob-
served the straight flight of the new-
comers toward a distant feeding place. 
I found that a forager, upon its return 
to a rich feeding place, will evert its 
scent organ; this scent is attractive to 
other bees and is far more intense to 
their sense of smell and hence is per-
ceived for a greater distance than any 
other relevant odor (6, pp. 517-520 
and Table 44, p. 520). Thus the re-
cruits might follow the odor of the 
abdominal scent organ. However, I 
have not been able to confirm this 
hypothesis. Sealing of the openings of 
the scent organs, while not impairing 
the collecting and dancing activities of 
the treated bees, prevents them from 
everting their glands so that no odor 
is given off; nevertheless, recruits 
alarmed by these dancers still find the 
feeding place with surprising speed and 
precision (3, pp. 30-32; 6, pp. 53, 128, 
228). 
A comprehensive survey of our 

methods and results has been published 
(6). I shall relate a few of the experi-
ments, the results of which show that, 
for the discovery of a good feeding 
place by recruits, the distance and di-
rection given by the dancers are essen-
tial. 

1) Whenever a feeding place is close 
to the hive, foragers upon their return 
perform round dances. These contain 
no information about the distance or 
direction of the food source (6, p. 85). 
However alerted recruits, closely follow-
ing the dances learn the odor of the 
visited blossoms because it clings to 
the body of the dancers. In most of 
our experiments, such an odor was the 
scent of some volatile oil added to 
the feeding place. Consequently, the 
newcomers start swarming out in all 
directions in the neighborhood of their 
hive in search of this scent, visiting 
in about equal numbers all the scented 
foodless plates set up around the hive. 
If the feeding place is now moved 
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Fig. 1. Fan experiment, 30 August 1955, 
in a plain, open field. H, beehive; F, feed-
ing place 600 m to the east. White squares 
represent scent plates 550 m from the 
hive; added are the numbers of visits by 
recruits during the first 50 minutes counted 
from the beginning of the experiment. 
Weak winds from east-northeast. 

stepwise to greater distances from the 
hive, an indication of distance and di-
rection from about 25 m becomes 
recognizable in the dance. This becomes 
clearer the greater the distance is, and 
it is quite pronounced at 100 m. By 
then the round dance has turned into 
a wagging dance. Accordingly, from 
a distance of 25 m and up, the recruits 
begin to search preferably in the direc-
tion of the feeding place, while at a 
distance of about 100 m there are 
hardly any newcomers searching in the 
wrong direction or at the wrong dis-
tance (6, pp. 150-152). The whole 
arrangement has not changed except 
for the increase in distance, which cer-
tainly would make it not easier but 
more difficult for the newcomers to be 
attracted by the scent organ of the 
foragers or by any other local odors. 
The distances stated refer to carniolan 
bees (Apis mellifera carnica). Other 
races begin indicating direction at even 
smaller distances (6, pp. 294-295, Fig. 
251). 

2) Inside their dark hive, bees danc-
ing on a vertical comb transpose the 
solar angle into the gravitational 
angle; in this way, even without seeing 
the sky, they inform their companions 
about the direction they must take in 
relation to the sun when flying out. 
After the observation hive is tilted 
horizontally, the dancing bee simply 
retains the angle which she kept in rela-
tion to the sun during her flight to the 
feeding place; thus the wagging run 

points directly to the goal. When the 
sun and the blue sky are screened off, 
her dances at once become disoriented 
and indicate neither a certain distance 
nor direction (6, p. 133). Even these 

disoriented dances arouse her compan-
ions, which now behave as if alarmed 
by round dances, searching in all di-
rections in the vicinity of the hive 
(6, p. 152, Fig. 132). If the hive is 
tilted up again into its previous vertical 
position-all other external and internal 
factors remaining the same-in a few 
minutes the disoriented swarming of 
the recruits turns into an oriented 
search for the goal (6, pp. 154-157, 
Figs. 134 and 135). 

3) In our detour experiments, a 
mountain ridge or a high building lay 
between bee hive and feeding place. 
When we established these feeding 
places the numbered bees were guided 
around these obstacles along a hairpin 
curve; they remained faithful to this 
route during their foraging flights. 
Dancing inside the hive they had a 
remarkable ability to integrate the ac-
tually flown detour by indicating the 
direction of the "beeline." Observers 
at the top of the obstacle noticed that 
recruits sent out by these foragers in-
deed followed the beeline, overcoming 
the obstacle by flying over its top to 
reach the feeding place on the other 
side. There had been no chance for 
them to perceive any scent marks of 
the feeding site from this side of the 
obstacle nor could they have followed 
a trail of scent left in the air by foragers 
who had actually followed quite a 
different route. Hence there had been 
nothing to guide them but the informa-
tion obtained inside their hive (6, 
pp. 177-186, Figs. 164 and 167). 
Many more of our observations cannot 
be reconciled with the opinions of 
Johnson and Wenner. However, the 
three mentioned above should suffice 
to clear up the situation. 

If one compares Johnson's and 
Wenner's experimental procedures with 
ours it can be explained why their re-
sults differ from ours. To find out how 
accurately the recruits follow the di-
rection information, we carried out fan 
experiments. After setting up an obser-
vation hive in a plain, open field, we 
establish a feeding place at a distance 
of, for example, 600 m from the hive; 
this is visited by numbered foragers. 
As long as this group of bees is 
gradually moved away from the hive 
to the 600-m mark the sugar solution 
offered as food is kept so weak that 
the bees hardly, if at all, dance upon 
return and hence arouse no recruits. 
This procedure requires constant and 
accurate observation of the bees at 
the feeding place, as well as inside the 
hive. Both Wenner and Johnson refer 
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to Wenner's training method (7). When 
gradually bringing the bees to the goal, 
he offers a strong sucrose solution from 
the very beginning. Consequently new-
comers are continuously aroused; many 
of them, judging from our own experi-
ence, may loose contact with the group 
while it is moved along. During the 
next days of testing when food is 
offered, these bees can be rearoused by 
feeding, and they go searching all over 
the surroundings, so providing a seri-
ous source of error to the experi-
ments. 
At the start of our experiment, 

seven scent plates without food are set 
up in the form of a fan, at a distance 
of 550 m at an angular separation of 
150 (Fig. 1). Only now, strongly con-
centrated sugar solution provided with 
the same scent as at the scent plates 
is offered at the feeding place. And 
only now the foragers begin to dance 
vividly within the hive; the recruits, 
following the dances, go searching for 
the scent they perceived at the dancers' 
bodies. The number of bees appearing 
at the various scent plates reveals the 
direction in which the recruits are 
searching. In assessing the results we 
have, in contrast to Johnson and 
Wenner, not taken into account the 
number of visitors appearing at the 
actual, more distant feeding place 

_ _, 

' 

(600 m) since conditions here are 
different owing to the presence of 
foragers using their scent organs. More-
over, the additional attractiveness of 
the bee scent may vary greatly for it 
depends on the degree to which the 
scent organ is used during the experi-
ment and on wind conditions. 
Up to now we have carried out 

twelve fan experiments (6, pp. 85-96). 
They show clearly that newcomers in 
fact do search in the direction of the 
goal. Johnson carried out some experi-
ments of a similar kind, stating that 
with this experimental setup he, too, 
has obtained results expected accord-
ing to the "dance language," for 78 
percent of his recruits arrived in the 
correct direction of the feeding place. 
However, this figure is not comparable 
to results of our experiments since he 
has summed up the numbers of visits 
counted at two different places in the 
direction of training; above all one of 
them was the feeding place, naturally 
favored by the coming and going 
foragers and the attractive odor of 
their scent organs. In the two other 
directions there was only one scented 
plate, 'without foraging bees (Fig. 2; 
M+A against N and S, or N+B 
against M and S). If, as we ourselves 
have done, one does not take into ac-
count the number of visits at the feed-

, 
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Fig. 2. Map of the experimental area. The experimental (dark-colored bees) and 
control hives (light-colored bees) were adjacent to one another at the edge of a football 
practice field (outined by the broken line). The experimental site in the first series of 
experiments was A; in the second series B. The three sites, north (N), midde (M), 
and south (S) served as controls and had dishes of sugar solution to which recruits 
could come. Points a and b indicate the geometric center of each set of four feeding 
sites for each experimental series. [After Johnson (4, Fig. 1)] 
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ing place, in Johnson's experiments not 
more than 56 percent of the recruits 
came to the scent plate in the direction 
of training. 

Johnson states that our experiments 
lack an essential control since the scent 
plates are not uniform. First, he says, 
the newcomers could have been at-
tracted in this direction by the feeding 
foragers. To rule this out I had in con-
trol experiments eliminated the strong-
est attractant, the odor of the scent 
organ. Besides, as long as there is only 
one feeding station, it is easy to check 
the influence of local scent factors by 
taking the wind conditions into con-
sideration. Second, he states that the 
recruits might have aimed at the place 
in the middle of the fan, this being 
the geometric center of all feeding 
places; however, he does not say why 
they did so. He does not note that in our 
first experiments on direction informa-
tion the feeding place was established, 
not in the center of the fan, but on 
its outer margin, or even farther out-
ward. The newcomers arrived in this 
case in this direction and not at the 
center (3, pp. 27-29). When the feed-
ing place, which at the beginning was 
close to the center of the fan, was 
transferred 150 to the outside, under 
otherwise identical conditions the 
stream of newcomers turned corre-
spondingly (6, p. 157) to this new 
direction. 
The control experiments carried out 

by Johnson differed from ours. To 
create more uniform conditions at all 
the different stations he set up a sec-
ond colony of bees with lighter color 
at the side of the first. While he fed 
the dark bees at their usual feeding 
place (A in Fig. 1), he offered food 
to the light bees at all four places 
simultaneously. In another series of 
experiments, he removed the second 
colony and kept feeding groups of 
dark bees at all four places. If he moved 
the feeding place, at 270 m, from A to 
B, most of the recruits still appeared 
in a central direction in both series of 
experiments, a fact which he ascribes 
to an effect of the geometric center. 
However, a simpler explanation takes 
into account the strong wind from the 
south, prevailing during his experi-
ments. This wind must have carried 
along scent from those bees foraging at 
the central station toward the recruits 
flying in the direction of B; many of 
these may have been led astray by it 
to the central station. In our fan experi-
ments we have observed examples of 
such deviations even with volatile oils 
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with less intense odors (6, pp. 156-163, 
Fig. 136). 

While Johnson's tests included visits 
of newcomers in only three different di-
rections, we usually checked a much 
wider field, setting up a fan, as a rule 
consisting of at least seven scent 
plates. Moreover, while he established 
his feeding places at distances not ex-
ceeding 200 m and 270 m, respectively, 
from the hive, in our control experi-
ments the distances between hive and 
feeding place amounted to 600 m (Fig. 1) 
and even to 1250 m. With such great 
distances, it is not likely that the direc-
tion of the newcomers' flights could 
have been influenced by local scent 
marks of the feeding place. We are 
well informed about tthe capability of 
their organs of smell (6, pp. 517-22). 
While those scent plates lying in the 
direction of the goal received a great 
number of visits from recruits, the 
rest were but poorly visited in our 
experiments. Both facts are equally 
remarkable, showing that no stray re-
cruits were roaming about, as seems 
to have been the case in Johnson's 
experiments. 

While bees were fed at a feeding 
place 400 m from Wenner's experi-
mental hive, (5) three more places 
were being provided with the same 
food and scent, but were not yet fre-
quented by any foragers (Fig. 3). Out 
of a total of 123 recruits counted 
arriving at the various stations, the 
percentages were as follows: 74 at the 
feeding place itself (400 m), 10 at 
200 m, 14 at 300 m, 2 at 500 m. While 
he maintains that these figures do not 
differ fundamentally from those to be 
expected according to the distance com-
munication in the dance "language" 
hypothesis, they do not really contribute 
anything to the solution of this ques-
tion. The visits to the feeding place 
at 400 m may have been due just as 
well to distance information as to the 
attractiveness of the scent organ of 
the foragers there (and only there). 
For this reason we carried out our 
experiments in a different way (Fig. 
4). 

Here the distance between hive 
and feeding place was 300 m. Only 
those recruits visiting the seven scent 
plates without any food have been 
evaluated. The number of visitors given 
at each site in the figure show clearly 
that the recruits had followed the dis-
tance indication. If in this experiment 
there had been an attractive effect of 
the scent organ at the adjacent scent 
plates 50 m to both sides of the feeding 
24 NOVEMBER 1967 

EXPERIMENTAL CONTROL 
^_HIVE q * HIVE 

100~m ~ ~ ~ ~ ~ ~ 50OO 

Fig. 3. Map of the experimental area, showing placement of experimental hive (dark-
colored bees) and control hive (light-colored bees) in relation to the four training sites. 
Bees from the experimental hive were trained to forage at either the 400- or 500-m 
site, depending upon the particular experiment. Trained bees from the control hive 
foraged at none, three, or four of the sites in different experiments. [After Wenner 
(5, Fig. 1 ) ] 

station, we should have expected a 
greater number of recruits arriving at 
350 than at 250 m, since a soft wind 
(north-northwest to northwest) had 
been blowing. 

Wenner's controls consisted of a sec-
ond colony of bees of lighter color set 
up 150 m to the north of the line of 
flight (Fig. 3); 25 and 26 of these bees 
were fed at the 200- and 300-m sites, 
respectively, while 13 dark bees to-
gether with 13 light-colored ones were 
frequenting the 400-m site. Now it ap-
pears as if the newcomers of the dark 
race hardly followed the distance in-
formation given by their foragers since 
18 percent of their recruits paid visits 

H A- 0 

24 
22 

4 

lOOm 4 

300 m 4 

500m 

to the light bee's feeding place at 200 
m, and 48 percent visited the 300-m 
site; only 33 percent visited the one at 
400 m, that is, the original feeding site 
of their own colony. However, we could 
have predicted such a result. Those 
recruits who had been given the 400-m 
information were bound to fly over the 
nearer feeding places at 200 and 300 m 
located in the same line, and were 
therefore likely to be attracted to them 
by the sight of the foraging bees as well 
as the odor of their scent organs and 
the scent used for training, particularly 
with strong southerly winds prevailing 
there at the time of the experiment 
(9 knots, or about 4.6 m/sec). When-

N 

4 

850m 

1200 m 

Fig. 4. Step experiment of 3 September 1962. H, beehive. Feeding-site (black dot) at 
300 m from the hive. Scent plates (white rings) with numbers of visits by recruits 
during the time of the experiment (2.5 hours). 
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ever the wind is that strong, bees will 
keep close to the ground, and attraction 
by the odor of the scent organ or the 
training scents at the closer sites will be 
favored (6, pp. 95-96 and Table 12). 
In one of our experiments a wind with 
force similar to that in Wenner's ex-
periments caused the bees to fly close 
to the ground and to pay more visits 
than usual to the scent plates (in our 
case only scented and no foragers visit-
ing) situated nearer to the hive. For 
this reason, we selected calm weather 
whenever possible. Results can be 
spoiled by wind conditions in step as 
well as in fan experiments. 
We still have to discuss the behavior 

of recruits belonging to the control hive 
set up sideways. After groups of its 
lighter bees were fed at the 200-, 300-, 
and 400-m sites, the light-colored re-
cruits appeared, similar to the results 
with dark bees, in the following propor-
tion: 12 pIercent at 200 m, 62 percent 
at 300 m, and 26 percent at 400 m. As 
an explanation, Wenner also refers to 
an assumed geometric center, without 
going into details about this relation. 
After a glance at Fig. 3, we may sus-
pect other causes to have been at work. 
The fact that the site at 200 m was 
screened by trees offers a possible ex-
planation for the scarce visitation by 
bees from the control hive. Because of 
its direction, the wind (220 degrees), 
blowing the odor of the scent plates 
as well as of the foragers' scent organs 
across the path of recruits flying to the 
400-m site, might well have misled 
these bees to the 300-m site. Wenner's 
third experiment, being only a variation 
of the second, does not add any funda-
mentally new aspect. 

Wenner's experiments, just as John-
son's, extended only over a small dis-
tance (500 m). In our own step ex-
periments the distance from hive to 
feeding place has often been much 
greater: 750 m, 1050 m, 2000 m, and 
4400 m (6, pp. 89-95, Figs. 84-89). 
Again I must state that local scent 
marks cannot possibly be held respon-
sible for the arrival of recruits at the 
proper place over such great distances. 
Some of my colleagues, having read 

the two papers published in this journal, 
spontaneously declared their readiness 
to repeat the crucial experiments in col-
laboration with Johnson and Wenner 
and neutral observers. I sincerely hope 
that this can be done. 

KARL V. FRISCH 
D 8000 Miinchen 90 (Germany)
Uiber der Klause 10 
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26 June 1967 

Our experimental analysis of the 
dance-language hypothesis during the 
past 3 years has led us to a new and 
tentative interpretation of all available 
evidence. A statement of this interpre-
tation has not yet appeared in print 
(1, 2). A sketch of it is as follows: 
We find that the hive, its surrounding 

environment, and its past history are 
part of a dynamic system and must be 
studied as such. In discussing recruit-
ment of bees to a source in the field, 
for example, one must first distinguish 
between those recruits that have previ-
ously fed at the same site visited by a 
successful forager and those that have 
not been there before (preferably, those 
that have not even been in the same 
area before). The importance of this dis-
tinction is not clear in the literature 
(2, 3). 

Bees experienced at visiting a given 
source can rely upon their memory of 
the location and can be recruited by 
means of a conditioned response to 
either food odor or location odor 
brought back into the hive by hive 
mates (3-5). The time spent searching 
for a source, no matter how long, is 
negligible compared to the time spent 
exploiting such a source. Thus, we con-
clude that the experienced bees, which 
require no language for re-recruitment 
(3), are basically responsible for pro-
viding the food for their colony. 

Those bees that have never been to 
a source before apparently experience a 
great deal of difficulty in finding it-
their ability to use a variety of odors 
and wind patterns enables them to do 
so. Even then, only a small percentage 
of those that leave the hive succeed in 
finding a point source (3). Most of 
those. that do succeed in finding the 
source appear to have spent enough 
time after leaving the hive to have 
searched a considerable area before 
finding the site, even up to 10 minutes 
for a site at a distance having a direct 
flight time of 30 seconds (6). Our 
work to date indicates that naive re-

cruits function in the following manner: 
1) Recruits stimulated to leave the 

hive associate a number of location e 
odors, first sensed on the recruiters, 
with a potential source of food. These 
include odor of the food, both from 
the bee which stimulated the recruit to 
leave and from other bees successful 
at the same source; and other odorsw 
in the locality visited by successful 
foragers (which may adhere to them) 
including those of other flowers, those 
of various associated plants, and any 
inorganic odors. 

2) Recruits leave the hive and drop 
200 m, 300 m, or more downwind from 
the hive before commencing their 
search, depending on wind speed and 
on individual differences among bees. 
In strong winds they drop further down-
wind. This maneuver permits them to: 
negate the influence of their own hive 
odor and find those potential sources 
which are closest to the hive-those 
which are downwind as well as those ^ 
which are in other directions. 

3) Recruits search for the proper 
combination of odors. In addition to 
those odors which they have previously 
associated with the food source, they 
search for the odor of other bees which 
are feeding on crops, particularly the 
crop most impressed on them while in 
the hive. This search pattern is com-
plicated by: (i) attractance of hive-
specific odors of feeding bees from the 
same hive, (ii) repellency of hive-spe-
cific odors of feeding bees from other 
hives, and (iii) Nasanoff gland attract-
ance. Covering this gland with the 
strong odor of shellac may even in-
crease the discrepancy between odor of 
the experimental site and odor of con-
trol sites (3). The use of shellac on 
experienced bees does not eliminate this 
factor, since newly arriving recruit bees 
often expose their Nasanoff gland be-
fore landing. 

Apparently, the disagreement in in-
terpretation which has arisen stems 
largely from the question of adequate 
control in experimental design. After 
wrestling with the problem of "proof" 
over the past few years, we have had 
to agree with various statements (7) 
that one cannot obtain absolute veri-
fication for any hypothesis, no matter 
how many times experiments are re-
peated (also, apparently, any attempt 
to establish the "truth" of a hypothesis 
introduces an unwelcome bias). Prog-
ress apparently depends, rather, upon 
the sharpening of experimental design 
and the use of ever better controls, 
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when such controls are found to be 
necessary. In this context, a hypothesis 
is best considered as an interim state-
ment until a better hypothesis can be 
formulated. In that sense the contribu-
tion of von Frisch (8) was a dramatic 
step forward in its incorporation of 
controls, in the use of logic, and in the 
reserved interpretation of results. 
We would like to emphasize, there-

fore, that we consider that our results 
(9) do not disprove of the dance-lan-
guage hypothesis (since this is never 
possible), but indicate that a more 
simple interpretation exists for previous 
experimental results. 
The third experiment of Wenner 

(Fig. 3 of von Frisch's letter) provides 
an excellent example for weighing the 
relative efficacy of the two interpreta-
tions provided in these letters. This 
experimental design is particularly valu-
able in that each hive serves as a con-
trol against the other. 

Individually marked bees from the 
experimental hive foraged only at the 
500-m site, while individually marked 
bees of a different color from the con-
trol hive foraged at all four sites. Under 
these conditions foragers visiting the 
500-m site from the experimental hive 
could provide only a 500-m distance 
information in their hive by means of 
their waggle dances. Bees foraging at 
all four site from the control hive, on 
the other hand, could collectively fur-
nish distance and direction information 
about all four sites in their hive. Yet, 
when the experiment was run, the 
distribution of recruits at the four sta-
tions from the experimental hive was 
identical to the distribution of recruits 
that had come from the control hive. 
When sets of results not predicted by 

a particular hypothesis arise, one has 
to choose a course of action. Either 
he can keep the hypothesis intact and 
rationalize that in this case the bees 
have been "misled," or he can trust the 
data furnished by the bees and proceed 
accordingly. Whereas von Frisch (and 
many others, apparently) has chosen 
the former course, we have chosen to 
explore the alternative. It is for this 

reason that we pay such close attention 
to the similarity between the distribu-
tion of bees from the experimental 
hive at the four stations (6, 43, 42, 
and 9 percent) and a potential multi-
nomial distribution about the geometric 
center of all sites (12, 38, 38, and 12 
percent). To us, the data are more sug-
gestive of a probablistic search pattern 
than of a goal-directed flight. 
We conclude that while the classic 

dance-language hypothesis has been a 
reasonable interpretation for results ob-
tained in the past, it is not necessarily 
an exclusive interpretation. Our results 
indicate, instead, the validity of the 
more simple interpretation outlined 
above and forms the basis for a fruitful 
line of research. Some questions which 
must now be studied include (i) What 
is the disposition of recruits unsuccessful 
at finding a source in the field? (ii) How 
long does an unsuccessful recruit search 
before returning to the hive? (iii) Why 
are recruits more successful at finding 
one site than at finding another ap-
parently identical site? (iv) What are 
the relative contributions to the attrac-
tiveness of a site of location odor, food 
odor, and bee odor? (v) What are the 
effects of the duration of an experi-
ment upon recruitment? 

Although these are difficult problems, 
we believe that progress toward an 
understanding of bee behavior will be 
more rapid if experimental design is 
not restricted by the assumption that 
bees have a "language." The assumption 
of the language notion would, in fact, 
prohibit the study of some questions. 
The history of biology is replete with 

predicaments similar to that indicated 
in this exchange. We hope that our 
results and interpretation will be wel-
comed as a stimulus to further and 
more critical experimentation and that 
others will repeat both our experiments 
and the classic experiments and ponder 
the question of controls. On the basis of 
our work, the following seem neces-
sary: (i) Control and experimental sites 
must be in areas with nearly identical 
locality odors (5). (ii) An equal num-
ber of bees must be feeding at each con-

trol site and at the experimental site. 
(iii)The experimental site must not be 
near the center of a cluster of sites, 
since this is also the center of the odor 
field. (iv) Bees arriving at the experi-
mental site must be tallied and con-
sidered, since they have obviously been 
recruited. When this is done, recruit 
performance in the field is considerably 
better than the accuracy of dance in-
formation (see 10). (v) All recruits 
must be caught and killed at control 
as well as at experimental stations (see 
10). (vi) Ideally, recruits should never 
before have been in the locality of the 
experimental site. (vii) The duration of 
the experiment must be short enough 
to eliminate the possibility that recruits 
can repeatedly leave the hive and learn 
where not to go. For those who cannot 
repeat the experiments we urge a study 
of the experimental design of the vari-
ous studies alluded to above as a basis 
for a decision on whether the controls 
specified by us are necessary (11). 
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