Honey Bee Recruitment:
The Dance-Language Controversy

Unambiguous experiments show that honey bees

use an abstract language for communication.

More than 2000 years ago, Aristotle
pondered the phenomenon of honey bee re-
cruitment. He observed that, although a
source of food placed near a hive might re-
main undiscovered for hours or even days,
once a single bee had located the food,
many new bees soon appeared (/). Aris-
totle supposed that the bee which found the
food and learned its location—the ‘‘for-
ager’—led the new bees—*‘recruits”’—to
it. It was later shown that if the forager
were to be captured on its way back to the
food, some recruits still were able to locate
the source (2).

By 1920, von Frisch had discovered how
to train bees to forage at artificial feeding
stations, a technical breakthrough which
opened the door to the experimental analy-
sis of honey bee behavior. When von
Frisch set out an array of plates near the
hive containing various scents, he found
that recruits approached only those which
contained the odor of the food upon which
the forager had been feeding. In an elegant
series of experiments, von Frisch demon-
strated that odors carried back on the
waxy hairs of the forager provide recruits
with the information necessary to locate
the food (3). Recruits obtain this informa-
tion by following ““‘dances” which the for-
ager may perform upon its return to the
hive.

In the 1940’s, however, while working
with food sources at greater distances, von
Frisch found that recruits arrived only in
the vicinity of the forager’s station, and not
at the scent plates containing the same
food odor set out at very different dis-
tances and directions (4). At first he sup-
posed that recruits were attracted by the
sight, unique hive odor, or the assembly
pheromone of the foragers (or all three).
This latter odor, produced by a specialized
scent gland in the abdomen, had long been
known to attract bees. Because recruits
continued to arrive preferentially at or
near the forager station even at distances
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of 300 meters, and when the wind carried
odors away from the hive, von Frisch con-
cluded that recruits must be provided with
other cues, either in the hive or in the field.
As a control, he sealed the pheromone-pro-
ducing scent gland of each of his foragers
with shellac, but still most recruits arrived
at or near the forager station.

When he observed the behavior of for-
agers in the hive, von Frisch discovered
that the tempo of the dances decreased as
the food was moved farther and farther
away from the hive, while the orientation
of the “waggle run’ phase of the dance
(relative to gravity in the absence of
light on the vertical combs) correspond-
ed to the direction of the food source with
respect to the sun. When the food source
was moved very close to the hive, on the
other hand, a ““round” dance was observed,
containing neither distance nor direction
correlations (4).

The dance-language hypothesis which
grew out of these observations proposes
that recruit bees use the symbolic informa-
tion in the dances as a guide to the ap-
proximate location of the food, and then
use the odor information—that on the
body of the dancing forager as well as
odors left by foragers in the field—and vi-
sual information to locate the source ex-
actly.

Objections to the Hypothesis

In 1967, Wenner and Johnson chal-
lenged the evidence supporting the dance-
language hypothesis, and proposed that re-
cruitment is accomplished solely on the
basis of odor information. They repeated
von Frisch’s experiments with certain
modifications, but found that when forager
odor was provided at all scent plates, the
preference for the vicinity of the actual for-
ager station disappeared (5). They chal-
lenged many of the more unguardedly en-

thusiastic statements about recruitment
[for example, that recruits fly “rapidly and
with certainty” to the food (6, p. 57)] as
being without experimental foundation.

In response to the challenge, von Frisch
reiterated his opinion that the olfaction hy-
pothesis was unlikely and cited two of his
own experiments as further evidence (7). In
one series of “‘detour” experiments (6, pp.
173-182), recruits had successfully located
a food source on the other side of an ob-
stacle (in one case a 12-story building)
which foragers had been trained to fly
around. Because some recruits were ob-
served flying over the center of the ob-
stacle, von Frisch concluded that they must
have “known” where to go.

In another experiment (6, pp. 153-156)
foragers had been trained to a station in
one direction, while scent plates were set
out at various distances in four directions.
The hive was laid flat in the morning so
that the dances were performed on a hori-
zontal surface. Under these circumstances
the dances were disoriented (although the
distance correlation was preserved). Re-
cruits in the morning displayed no prefer-
ence for either the correct distance or the
correct direction. The hive was restored to
its normal position in the afternoon, and
the dances became oriented. After a time,
recruits began to arrive preferentially at
scent plates near the forager station. As is
discussed below, neither approach is im-
mune to criticism (8).

Experiments to Control for Forager Odor

The work of Wenner and his colleagues
stimulated new research designed to inves-
tigate recruit behavior more closely (9).
Gould et al. (10, 11) and Lindauer (1/2) de-
vised similar techniques to control for for-
ager odors. They trained groups of for-
agers in two different directions, then fed
one group a concentrated sugar solution
and the other a dilute solution. Both solu-
tions contained the same odor. In the hive,
only foragers collecting the more concen-
trated food danced. Since the food odors
and bee odors were the same at both sta-
tions, only the dance information might be
thought to distinguish them. If recruits
used the symbolic information, they would
be expected to show a preference for the
station with the more concentrated su-
crose. In fact, they did just that (13).

Esch and Bastian (/4), Gould et al. (11),
and Mautz (15) sought to follow the behav-
ior of individual recruits. Each found that

The author is assistant professor, Department of
Biology, Princeton University, Princeton, New Jersey
08540. This article is based on work done at Rock-
efeller University, New York.

685



or
@
(5
2
3 20f
w
= L
=
~ a0
b Ocellr
S Covered
60 P
(=
=
2 Ocellr
@
2 80 Uncovered
o
@
[+
E Lo
Relative Light Intensity

15}
o

[] 02 04 07 | 2 3 5 710"
250 200 /60 120100 70 50 40 30 25 20
Distance from Light(cm)

Fig. 1. Dance reorientation to light. The dance
orientations of foragers were unaffected by a
distant light source. When the source was moved
closer, thereby increasing its apparent bright-
ness (illumination), the dance directions shifted
until they were oriented completely with respect
to the light rather than to gravity. Further in-
creases in brightness were without effect. Bees
whose ocelli had been covered also reoriented
their dances, but only when the light was much
brighter. At an intermediate level (dashed line),
the dances of normal bees were completely reor-
iented, while those of the ocelli-painted foragers
were unaffected. Virtually all bees in each group
were reoriented to the same degree (the bars in-
dicate the scatter about the average). About 20
dances were measured for each point.

recruits locate the food neither quickly nor
reliably. Instead, recruits typically observe
a single dance for about six cycles, fly out
for about 6 minutes, return and attend an-
other dance, fly out again, and so on. In
the end, only about half of the recruits
located the single food sources (situated
120 to 400 m away—in theory only 19 to
57 seconds flying time away).

Locale Odor

About the same time, Wenner and his
colleagues began to gather evidence that
odors specific to the location of the food
(as well as the odors of the food itself) are
important (/6). Hence, if recruits know the
“olfactory landscape,” site-specific odors
would provide information about the loca-
tion of the food. Needless to say, distin-
guishing between recruits that are sup-
posed to be using site-odor information
rather than dance-language information
would be difficult. The predictions of the
two theories are virtually identical. Of
course, they are not mutually exclusive—
recruits could, in theory at least, use both
sorts of information.

Excepting the experiments reported
here, the locale-odor hypothesis can effec-
tively account for all the results achieved
to date without recourse to the dance-lan-
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guage theory. Even the clever experiment
discussed above, in which the hive was first
placed on its side and then returned to its
normal orientation, can be disposed of in
this way (/7). Indeed, in similar experi-
ments by New and New and by Wells and
Wenner, recruits found the food source
whether the dances were correctly oriented
or not (/8). Presumably bees could have
been using site odor in these cases.

Evolutionary Argument

It has been argued that the dance corre-
lations must be useful, or they would not
exist; that is, evolution would not have se-
lected for a nonfunctional behavior (12,
19). This argument depends on our belief
that all behavior that seems somehow
“special” is functional to the animal and is
open to direct selection. It further supposes
that we can correctly guess the function the
behavior serves. This same proposition was
put forward in a preevolutionary context
by Leibniz, and effectively and entertain-
ingly countered by Voltaire in Candide. In
the present circumstances it seems reason-
able to remain cautious, lest we glibly ex-
plain away phenomena and inhibit re-
search. There can be no doubt that evolu-
tionary considerations can suggest in-
genious theories, but those theories must
be tested if ethology is to remain an experi-
mental science.

In the case of the dance language, the
evolutionary argument appears particular-
ly persuasive. But if every special behavior
must have a “purpose,” what can be the
purpose of the oriented ““dances” of flies?
What is the function of the distance corre-
lations of the lateral movements of moths,
or of the buzzing runs of stingless bees?
What is the adaptive value of the transfor-
mation of angles flown or walked with re-
spect to the sun into angles with respect to
gravity, as is observed in ants, bees,
beetles, spiders, and so on? In each case
there is no evidence that the function is
communication (20). If there is a “pur-
pose,” we must not yet know it; and that
same unknown function could presumably
explain the dance correlations as well. If
there is no adaptive value to these behav-
iors, then the dance correlations need have
none either. In the search for certainty,
evolutionary arguments unaccompanied
by critical experiments leave much to be
desired.

Misdirection Experiments
The results not only of Wenner and his

colleagues, but those of experimenters
stimulated by the controversy, suggest
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Fig. 2. A recruit station. The station was con-
structed from an airtight plastic pail. A decoy
bee was placed in the artificial flower to induce
landing. The “flower,” fashioned from a plastic
funnel, was painted to appear dark in the center
and light on the edge under ultraviolet light. A
wire cage of anesthetized foragers located in the
station served as a source of bee odors. When a
recruit entered a station, it interrupted a beam
of red light, causing a photoelectric circuit to
signal an event recorder, thereby registering the
arrival. As the bee continued in, it came upon a
feeding device offering a sucrose solution with
the experimental scent. The station was filled
with carbon monoxide so that while the recruit
fed, it became anesthetized and tumbled off the
inclined feeding device into a funnel. The sta-
tions stood on the water-filled bottoms of larger
pails. The water helped to prevent ants from en-
tering the stations. The pails were about 40
centimeters tall.

that, at the very least, odors may affect the
speed and accuracy of recruits. An unam-
biguous experiment might be one in which
the symbolic information in the dance
would indicate a specific location well
away from the place actually being visited
by the dancer. One way in which to accom-
plish this might be to construct a model
bee whose dance parameters would be un-
der the control of the experimenter.
Progress on this front has been substantial,
but this important technique has yet to be
perfected (10, 21). Another way would be
to cause the dancer to *“‘lie”—to orient its
dances to one parameter while recruits
would be orienting their “‘interpretations”
to another.

Under some circumstances, honey bees
seem to interpret a bright light as the sun,
and will orient their dances to it rather
than to gravity (6, pp. 135-137, 196-203).
(Under certain natural conditions such as
swarming, dancing bees regularly sub-
stitute sun orientation for gravity orienta-
tion.) Since both dancers and dance at-
tenders are reoriented, no misdirection of
recruits occurs (6, pp. 203-204). When the
ocelli, the three simple eyes located be-
tween the compound eyes, are covered,
bees become six times less sensitive to
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light. They require higher light levels to fly
or display phototaxis, but are still capable
of foraging and dancing (22). When a light
is made bright enough to reorient the danc-
es of normal bees, the dances of ocelli-cov-
ered foragers are unaffected (Fig. 1). Only
when the light is made still brighter do
these treated bees begin to reorient their
dances from gravity to light.

Using a light intensity just bright
enough to reorient the dances (and dance
interpretations) of normal bees, but not
sufficient to affect the ocelli-covered bees,
it should be possible, assuming that re-
cruits use the dance correlations, to ““mis-
direct” untreated recruits. For example, if
the food were in the direction of the sun,
forager dances would normally be pointed
up on the comb. A bright light 90° to the
left of vertical, on the other hand, would
cause normal dances to be directed 90° to
the left, toward the artifical sun. Ocelli-
covered foragers, however, would not be
reoriented, and would continue to perform
dances pointing up. If the dance informa-
tion is used, untreated recruits attending
these dances would be expected to inter-
pret the dance directions as being 90° to
the right of the artificial sun, and hence 90°
to the right of the sun in the field. If, on the
other hand, recruits rely solely on odor
cues, they would be expected to ignore the
dance direction and proceed to the forager
station on the basis of odor cues.

Experimental Procedures

Two groups of 10 to 15 foragers were
trained in each experiment on orange-
scented 0.5M sucrose with the use of the
Gary and Witherell improvement (23) of
von Frisch’s technique (6, pp. 17-20). The
first group served as a control to measure
the degree of reorientation of the dances to
light. The ocelli of the foragers in the sec-
ond group were covered with flat-black en-
amel paint. Dances of foragers in this sec-
ond group were monitored, and any that
showed some degree of reorientation to the
light were eliminated. The light was left on
and in the vertical (“up”) position for 30
minutes before the experiment began, to
adapt the bees to its presence. (Since, in the
absence of light, bees orient with respect to
vertical, placing a bright light in that same
direction does not affect the dances.)

The light was a 650-watt quartz movie
light with reflector. To prevent the hive
from overheating, an infrared-absorbing
filter mounted in an asbestos mask was
placed just in front of the light for shield-
ing. The Plexiglas covering the hive acted
as a sharp ultraviolet filter for wavelengths
shorter than 340 nanometers. The light
was directed onto the only dance area eas-
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ily accessible to returning foragers. Since
the light was a finite distance away, danc-
ers on opposite edges of this area saw the
light at slightly different angles. The distri-
bution of 100 dances was plotted, and from
that the mean parallax error was calcu-
lated to be 1.14°.

Another minor source of error arose
from the phenomenon known as “residual
misdirection.”” Foragers returning from
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Fig. 3. Direction experiments at 150 meters. The
array (A) consisted of recruit stations set out at
12'/2° intervals as shown. Ocelli-treated foragers
were trained to the forager station, while un-
treated foragers were trained to the control sta-
tion. The results of two misdirection experi-
ments (Table 1, experiments A and B) have been
combined to summarize the recruit distribution
(B). The left bar—indicated by the arrow—rep-
resents the station specified by the dancing,
while the bars to its right represent the averages
for single stations at various distances. When
the experiment was repeated using Wen-
ner’s training technique, quite a different distri-
bution was obtained (C). The data for two ex-
periments (Table 1, experiments C and D) are
summarized.

the field regularly make slight errors in
transposing the flight angle into a dance
angle (6, pp. 204-217). Oddly enough, this
effect disappears when the earth’s magnet-
ic field is canceled in the vicinity of the
hive (24). In the 400-m direction experi-
ments reported here, the angle of the light
was corrected periodically to allow for this
effect. (The metal shed in which the hive
was located provides substantial shielding
from the earth’s magnetic field.) Later
measurements from video tapes of the
dancing revealed that the mean uncor-
rected error from this source was about
0.8°. The mean total error from both paral-
lax and residual misdirection was of the or-
der of 1.4°.

The observation hive was one frame
(comb) thick and three frames high. It con-
tained approximately 8000 Italian bees.
The colony was not allowed to accumulate
stores of food—a procedure which served
to facilitate training and to enhance the
tendency to dance.

When the experiments began, the solu-
tion at the control station was changed to
anise-scented 1M sucrose (25). Hence the
foragers at this station began to dance oc-
casionally. The solution at the ocelli-
treated forager station was switched to 2M
sucrose containing the experimental scent.
These bees began dancing vigorously. The
light was moved to the appropriate posi-
tion, and six recruit stations nearly identi-
cal to the forager station were opened.

The recruit stations were conceptually
similar to ones designed by Renner (26).
They were constructed from airtight plas-
tic pails (Fig. 2). Entering recruits passed
through a beam of red light shining on an
array of photodiodes. (Bees do not react to
red light.) The resulting signal was ampli-
fied and transmitted to an event recorder.
Thus, the arrival time and location of each
arriving bee was automatically registered
for later analysis.

In order to attract recruits, it was neces-
sary to bait the stations with food contain-
ing the experimental scent, and with a
cage of six anesthetized, ocelli-treated for-
agers to provide bee odors. To provide vis-
ual landing encouragement, the station
was equipped with a “flower” fashioned
from a plastic funnel which was cut and
painted to present the appropriate pattern
when viewed under ultraviolet light (6, pp.
481-491; 27) and onto which was glued the
body of a sun-dried, alcohol-extracted bee.
To prevent recruits from returning to the
hive where they might dance and indicate
the locations of the stations, each recruit
station was filled with carbon monoxide.
Entering recruits generally fed for about
30 seconds before becoming completely
anesthetized, tumbling off the inclined
feeding platform into the funnel below.
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Table 1. Direction experiments at 150 meters. Asterisks indicate the station signaled by the dancing.
Experiments A and B are summarized in Fig. 3B. Experiment A was performed on 28 June 1974.
The experimental scent was peppermint. The wind was from 001° at 4.2 miles per hour. The sky was
cloudy, the barometric pressure was 771.6 mm-Hg, the relative humidity was 63 percent, and the
temperature was 21°C. Experiment B was performed on 16 July with geranium scent. The wind was
from 032° at 2.9 miles per hour. The sky was clear, the pressure was 770.8 mm-Hg, the
humidity was 66 percent, and the temperature was 22°C. Experiments C and D (Wenner controls)
are summarized in Fig. 3C. Experiment C was performed on 10 August with rose scent. The wind
was from 191° at 0.9 mile per hour. The sky was clear, the pressure was 752.7 mm-Hg, the humidity
was 61 percent, and the temperature was 22°C. Experiment D was performed on 11 August with
rosemary scent. The wind was from 358° at 3.4 miles per hour. The sky was clear, the pressure was
772.7 mm-Hg, the humidity was 67 percent, and the temperature was 23°C.

. . For- For- Recruit arrivals
Experi- Period ager ager

ment  (Min)  yiGits  dances  FS  22Y° 35 47Ve  60° T2V 85°
A 30 92 70 4 1 0 1 0 5 19*

30 98 99 7 7 31* 7 0 3 12

30 90 83 3 0 11 6 28* 3 1

B 30 60 27 3 0 0 0 1 10* 3

30 59 49 8 3 10* 4 0 1 0
C 30 52 29 19 5 6 9 14 8 13*

30 52 36 22 18* 14 16 22 10 7

D 30 60 39 22 1* 8 14 15 7 6
30 52 36 22 12 18 32 27 12 18*

sis. Wind speed and direction were record-
ed continuously with a calibrated Taylor
“Windscope” interfaced to two Rustrak
recorders. Wet- and dry-bulb temperatures
were continuously recorded in the corner
of the video field by a Heath two-channel
digital thermometer. A Heath digital clock
recorded the time in the same manner. Sky
conditions and barometric pressure were
recorded manually at 10-minute intervals.

At the end of each experiment the for-
ager food was removed and the light was
returned to the “up” position. After about
10 minutes, the recruit stations were
closed.

The experiments were performed on a
relatively flat, mowed field at the Rockefel-

The order of arrival of recruits at each sta-
tion was preserved in the order of anesthe-
tized bees in the neck of the funnel. This
made it possible to edit the event recorder
data accurately on the rare occasions when
a fly or small bumble bee was found in the
station. At the end of each experiment, the
number of anesthetized recruits in each
station was compared with the number of
“events” registered by the recorder for
that station. The numbers always corre-
sponded.

Recruits arriving at the ocelli-treated
forager station were captured manually by
a technique which precluded the release of
alarm odor (/7). The dancing in the hive
was recorded on video tape for later analy-

Table 2. Direction experiments at 390 to 400 meters. Asterisks indicate the station signaled by the
dancing. In experiments C and D the daggers indicate the direction of the forager station. Experi-
ments A and B are summarized in Fig. 4B. Experiment A was performed on 31 July 1974. The ex-
perimental scent was rose. The wind was from 171° at 2.9 miles per hour. The sky was clear, the
barometric pressure was 765.3 mm-Hg, the relative humidity was 71 percent, and the temperature
was 28°C. Experiment B was performed on 1 August with rosemary scent. The wind was from 167°
at 2.3 miles per hour. The sky was clear, the pressure was 766.5 mm-Hg, the humidity was
67 percent, and the temperature was 25°C. The results of experiments C and D are shown in Fig. 4,
C and D. Experiment C was performed on 2 August with sassafras scent. The wind was from 037°
at 0.6 mile per hour. The sky was hazy, the pressure was 768.3 mm-Hg, the humidity was 69 percent,
and the temperature was 27°C. Experiment D was performed on 4 August with ilang-ilang scent. The
wind was from 006° at 1.1 miles per hour. The sky was partly cloudy, the pressure was 766.6 mm-Hg,
the humidity was 76 percent, and the temperature was 29°C. Abbreviation: FS, forager station.

. . For- For- Recruit arrivals
Experi- Period ager ager
ment  (min)  yidits  dances FS 450 420 39° 36 33 300
A 40 89 69 12 16 19* 8 5 6 3
40 83 66 9 4 4 5 11 16* 12
B 40 104 76 5 5 2 4 8 12* 13
40 111 87 1 16 16* 10 2 4 1
C 30 75 45 33*+ 8 15 31*t 10 10 6
30 76 47 55% 11 18 46*t 19 10 8
D 50 95 80 82+ 30* 24 12 15 34 68+

638

ler University Center for Field Research,
Millbrook, New York. The field (Fig. 3A)
was bordered on most sides by forest, but
beyond the boundary line marked to the
northeast, it fell away into an unmowed,
grassy valley. Experiments were generally
performed in the early morning while the
heavy dew typical of this region remained
on the ground. Good results could be ob-
tained while the vegetation remained wet,
presumably because competition from nat-
ural food sources was minimal. The hive
was located in a small metal shed in the
southwest corner of the field.

Is Direction Communicated?

Control foragers were trained to the
control station 300 m north of the hive.
Ocelli-painted foragers were trained to the
forager station 150 m north of the hive. Six
recruit stations were set out 150 m from
the hive at 12'/,° intervals as indicated in
Fig. 3A. In the first experiment, the light
shining on the hive was moved every 30
minutes, first to 85° left of vertical, then to
35° left, and finally to 60° left. In each case,
recruits favored the recruit station in the
direction indicated by the dance in prefer-
ence to recruit stations located in other di-
rections (as well as to the forager station it-
self) (Table 1, experiment A). The same re-
sults were obtained when the experiment
was repeated (Table 1, experiment B). In
this case, the light was again moved every
30 minutes, first to 72V2° left, then to 35°
left (Fig. 3B).

When recruits were presented with odor
information for one location—the forager
station—and abstract dance information
for another—a particular station in the re-
cruit array—they flew to the station speci-
fied by the dance correlations. Hence, re-
cruits must be able to use the symbolic di-
rection information in the dance. Analo-
gous results were obtained using distance
arrays (28).

Recruit Accuracy

In the 150-m direction experiments, the
mean recruit error was 11.9° (31 m). In or-
der to judge the accuracy of recruits at
greater distances, the recruit stations were
set out 400 m from the hive at 3° intervals
(Fig. 4A). The ocelli-treated forager sta-
tion and control station were established
along a line to the northeast at 500 and 400
m, respectively. In the first experiment the
light was moved to 42° to the right of verti-
cal for 40 minutes, and then to 33° to the
right for another 40 minutes (Table 2, ex-
periment A). In the second experiment the
procedure was reversed, with the light first
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at 33° right for 40 minutes, and then at 42°
right for the same period (Table 2, experi-
ment B). In all cases, recruits favored the
end of the array indicated by the dancing
(Fig. 4B).

In the 400-m direction experiments, the
mean recruit error was 4.2° (29 m). The
smaller angular error for 400 m is consist-
ent with von Frisch’s results, as well as
with the observation that the scatter of di-
rection indications between cycles of indi-
vidual dances is smaller at 400 m. Why the
dance scatter should be so large at short
distances, but small at large distances is
another question (29).

Wenner’s Techniques

When Wenner and his colleagues per-
form their experiments, they obtain quite
different results. A number of factors
might be responsible for this disparity.
Von Frisch suggested (7) that Wenner’s
training technique might be the cause.
Wenner trains his bees on a concentrated
sucrose solution containing the scent which
will later be used during the experiment
(30). Virtually all other experimenters use
a dilute solution with either no scent, or a
scent other than the one to be used later.
With Wenner’s technique the foragers
dance throughout training, and recruits are
constantly being captured at the forager
station. When techniques with less concen-
trated solutions are used, however, little or
no dancing and recruitment occur. With
Wenner’s technique, the hive accumulates
stores of solution containing the experi-
mental scent for hours or even days before
the experiment begins. The other technique
does not result in any accumulation of ex-
perimental odor.

To test the effects of Wenner’s tech-
niques, the 150-m direction experiments
were repeated after foragers were trained
on a 2M sugar solution containing the ex-
perimental scent. In the first experiment
the light was first placed 85° to the left of
vertical for 30 minutes, then moved to
22Y2° left for the same period (Table 1, ex-
periment C). In the second experiment, the
procedure was reversed (Table 1, experi-
ment D).

In both cases recruits showed virtually
no preference for the direction indicated by
the dances (Fig. 3C); the mean error was
29° (77 m). This result might be due, as von
Frisch suggests (7), to recruits becoming
lost while the forager station is being
moved rapidly away from the hive during
training; or, as Free implies (3/) and von
Frisch had shown earlier (6, pp. 23, 33-34,
257-264), the results might be due to re-
cruitment to a prevailing food oder in the
hive. In any case, a small change in experi-
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mental technique seems sufficient to switch
recruitment from a largely dance-directed
form to a largely odor-directed one. ‘Ap-
parently honey bees are sufficiently com-
plex to find food by more than one strate-
gy.

Von Frisch’s Techniques

From analyzing dance films, von Frisch
and Jander (32) were able to calculate that
a recruit would have to receive and use
without error the information from five to
six dance cycles in order to account for the
accuracy inferred from von Frisch’s fa-
mous step and fan experiments (6, pp. 84—
96, 156-163). As von Frisch points out,
““bees are not computers that work without
making mistakes” (6, p. 108). Since re-
cruits typically follow individual dances
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for about six cycles, von Frisch concluded
that they must follow two or more dif-
ferent dances and average the informa-
tion. Since recruits follow only one dance
before flying out in most cases (14, 15),
Lindauer proposed that bees must be able
to average dances separated by many min-
utes (/2). Another possibility, of course,
is that the step and fan data do not repre-
sent precise measures of recruit accuracy.

Von Frisch did not capture recruits that
approached his scent plates. Hence, a re-
cruit could be counted any number of
times (until, that is, it landed at the forager
station and was killed). In order to exam-
ine the possible effects of von Frisch’s tech-
niques, my recruit stations were modified
to prevent recruits from feeding on the
scented food, and to allow them to escape
through the top of the station. Hence, re-
cruits could be counted more than once.
The stations contained no cage of anesthe-
tized foragers to provide bee odors. As al-
ways, recruits arriving at the ocelli-treated
forager station were captured.

The recruit stations were again set out at
the north end of the field, 390 m from the
hive at 3° intervals (Fig. 4A). This time,
however, the forager station was placed
near the array as it had been in von
Frisch’s work. In the first experiment the
forager station was placed 20 m beyond
the 39° station, while the control station
was placed 50 m farther out, along the
same line. The experiment lasted for 60
minutes, and during this time the light was
in the “up” position. Under these circum-
stances, no misdirection of recruits would
be expected. Just as von Frisch found in his
fan experiments, recruits favored the sta-
tion indicated by the dancing—that is, the
station immediately in front of the forager
station (Fig. 4C). The mean error was not
as large as in the 400-m direction experi-

Fig. 4. Thirty-nine direction experiments at 390
to 400 meters. The array (A) consisted of recruit
stations set out at 3° intervals as shown. In the
misdirection experiments, the ocelli-treated for-
ager station and control station were set out as
illustrated. The data from two experiments
(Table 2, experiments A and B) were combined
to summarize the recruit distribution (B). The
left bar—indicated by the arrow—represents the
station specified by the dancing, while the bars
to its right represent the averages for single
stations at various distances away. In the two
von Frisch controls, the forager station was
moved near the array, and the control station
was placed 50 m beyond it. In the first
control (Table 2, experiment C), the forager
station was 20 m behind the 39° station. The
recruits displayed a stronger preference than
before for the “correct” direction (C). In the
second control, the forager station was placed
20 m behind the 30° station, but the dances
indicated the 45° station. Recruits preferred
beth the indicated station (solid arrow in
D) and the one near the forager station (open
arrow).
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ments: 3.3° instead of 4.2° (22 m versus 29
m).

In order to examine more closely the ef-
fect of having the forager station near the
array, I performed a second experiment. In
‘this case the forager station was placed 20
m beyond the 33° station—the most easter-
ly in the array. The control station was
placed 50 m beyond the forager station.
The light was moved to 15° right of vertical
in order to direct recruits to the station at
the other end of the array—the 45° station
in Fig. 4A. The experiment lasted 50 min-
utes. Recruits favored both ends of the ar-
ray—not only the station indicated by the
dancing, but also the one near the forager
station (Fig. 4D and Table 2, experiment
D).

Taken together, these experiments sug-
gest that von Frisch’s techniques can affect
the observed distribution of recruits, exag-
gerating the apparent accuracy. If recruits
are not as accurate as the step and fan ex-
periments suggest, then von Frisch’s con-
clusion that recruits must average separate
dances may not be correct. If recruits were
to attend more than one dance, averaging
the information for a more precise esti-
mate of distance and direction, then these
recruits would average the directions of
separate dances, and, since the second
dance is attended only after an unsuccess-
ful flight, recruits should take quite some
time to locate the food. Both predictions
were tested experimentally.

Dance Integration?

Lindauer proposed that recruits might
average—‘integrate’’ in his terminology—
two or more dances to separate targets.
This hypothesis gives rise to testable ex-
pectations. If one station at the end of a di-
rection array were being signaled, recruits
would receive information for only that
one direction regardless of how many
dances they attended. If two olfactorally
identical stations at opposite ends of the
array were being signaled by similar num-
bers of dances, and recruits attended only
one dance each, then the distribution of
recruits in the array would be composed
of two separate single-station distributions
—one the mirror image of the other—
summed across the array. If, however, re-
cruits arrived after attending two dances
each, averaging the information from both,
quite a different distribution would be ex-
pected. The chance of following two
dances to one particular station would be
0.25, while the chance of attending one
dance to each station would be 0.50. The
overall recruit distribution in this case
would be the sum of three distributions—
one about each end station, and a third,
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with twice as many bees, about the center
ofthearray.

This intriguing prediction was tested
with the use of the array pictured in Fig.
SA. The five recruit stations were set out at
772° intervals. Two stations of ocelli-
treated foragers were established to the
north. The light was placed 58° to the left
of vertical, thereby directing recruits to the
58 station. The distribution of recruit ar-
rivals in this part of the experiment was
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Fig. 5. Integration experiments. The array (A)
consisted of recruit stations set out at 7%2° inter-
vals as shown. Two ocelli-treated forager sta-
tions were set out. One forager station (A) was
always to the north, while the other (B) was
moved to the various positions indicated. The
data, when the dancing by both groups of for-
agers indicated the same end of the array,
was used to predict the distribution if no in-
tegration of separate dances was taking place.
This model and the results when both ends of the
array were being signaled simultaneously are
compared (B).

taken as a measure of recruit accuracy
(Table 3). After 20 minutes in the first ex-
periment and 30 minutes in the second, one
of the two ocelli-treated forager stations
was moved 7Y2° to the right every 10 min-
utes until it reached a point 30° to the right
of the other ocelli-treated forager station.
At this stage, dances in the hive indicated
both the 58° and 88 stations. This part of
the experiment lasted 40 minutes. Recruits
favored both ends of the array (Table 3).

If any integration of the two dance di-
rections was taking place, more recruits
would be expected at the center stations
than would be predicted on the basis of
normal recruit error alone. By taking the
data when only one end station was being
indicated (and, hence, no integration could
be occurring), and adding it to its “mirror
image,” a model was generated for recruit
distribution when both end stations are
being indicated simultaneously, but no in-
tegration is taking place. By comparing the
actual results with the model, the predic-
tion was tested (Fig. 5). Under these condi-
tions, little averaging of separate dances
appears to have taken place.

Recruit Search Times

How can it be that in these experiments
recruits did not integrate separate dances,
while in the experiments of Esch and Bas-
tian (/4), Gould et al. (11), and Mautz (15),
recruits were often observed to attend sev-
eral different dances before being captured
at the forager station? The critical differ-
ence between their experiments and mine
cited above lies in the fact that they used
single isolated food sources, whereas my
experiments and von Frisch’s step and fan
experiments used wide arrays. With an ar-
ray, perhaps even a recruit with relatively
inaccurate information is likely to arrive
near some station, whereas the same re-
cruit searching far from the single forager
station offered in other experiments (/4,
15) might not find it and return to the hive
to attend another dance. If this is true, re-
cruits in array experiments should take
considerably less time to find a station
than the 15 minutes required by recruits in
the single-station experiments (/4, 15).

To test this prediction, I examined the
change in recruit arrival rates. When the
light was moved, recruits were instanta-
neously presented with dances indicating a
new target. The time course over which re-
cruit arrivals at the newly indicated station
increased and arrivals at the formerly in-
dicated station decreased provides a mea-
sure of recruit search dynamics. The com-
bined data for six experiments are present-
ed in Fig. 6 (33). The simple model shown
in the inset fits the data fairly well. This
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model supposes that a constant number of
recruits were dispatched from the hive dur-
ing each minute of dancing, but that indi-
vidual recruits took varying amounts of
time to reach the station. The average time
of 6 minutes indicated by the data agrees
well with the results of Mautz (/5) and
Esch and Bastian (/4) for the duration of
successful flights. Again, recruits presented
with an array rather than a single station
seem to arrive with neither the need nor
the opportunity of averaging multiple
dances (34).

As was mentioned above, von Frisch dis-
covered that his recruits in the step and fan
experiments performed too well to have at-
tended only a single dance. Either von
Frisch’s recruits attended additional danc-
es, or the accuracy which he measured was
an artifact of his experimental technique.
The second alternative is far more likely
since, as demonstrated above, recruits in
array experiments attend only one dance,
and von Frisch’s techniques do artifically
enhance recruit accuracy.

Do Recruits Make Mistakes?

Since the data from the experiments re-
ported here represent recruit accuracy af-
ter attending only a single dance and with
the forager station well away from the ar-
ray, and since the scatter of forager dances
may be measured directly from video
recordings, it is possible to estimate how
much error is introduced into the system
by recruits using the dance information.
The data from the 150-m direction experi-
ments have been used for the following cal-
culations since the dance scatter is larger,
and therefore easier to measure, at shorter
distances.

The mean scatter, averaged over six
dance cycles (as we suppose recruits to be
doing) was about 8.1 percent. The mean to-
tal recruit scatter was about 11.9 percent.
Since recruit errors may cancel dance er-
rors, it is appropriate to use the sum-of-
the-squares method to calculate the mean
total recruit error. With this technique, re-
cruit error over and above the error in the
dance was 8.8 percent. Thus, von Frisch’s
intuitive prediction that recruits must also
contribute errors seems to be confirmed. In
his step and fan experiments, the presence
of the forager station in the array com-
bined with the nature of his recruit sta-
tions probably served to “focus” the re-
cruit distribution.

On the basis of these data, the general
form of recruit distributions may be repre-
sented as
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Fig. 6. Recruit search times.
The number of recruits arriving
at various times before and af-
ter a new station was signaled
(at 0 minute) is shown at left.
Before the station was in-
dicated, a background level of
recruitment can be observed.
Recruitment reaches a maxi-
mum after about 10 minutes of
dancing. The situation when the
station is no longer signaled is
illustrated at right. (The danc-
ing to the station stops at 0 min-
ute.) Recruitment continues for
a time, then falls off to a back-
ground level. The inset depicts a
simple model of recruit search-
time scatter for bees sent out
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where x and y are the distances from the
target. The y-axis may be taken to be along
the line from the hive to the target, so that
y = 1 for 1 standard deviation (S.D.) of re-
cruit distance scatter (or approximately
1/24/2 of the S.D. of the scatter of six-cycle
averages of the distance correlations in the
dance). The x-axis may be taken as the
horizontal line orthogonal to the y-axis,
where x = 1 for 1 S.D. in direction scatter
of arriving recruits (or approximately 1/2 /2
of the S.D. of direction scatter averaged
over six cycles of the dance; minor correc-
tions must be made since the target is only
a finite distance away from the hive). Dis-
tance and direction scatter in the dance
vary independently, giving rise to the pre-
diction that recruits should in general be
distributed about the target in an ellipse,
whose major axis should be along the x-
axis near the hive, along the y-axis at inter-
mediate distances, and along the x-axis
again at still greater distances. Although
my data tend to support this prediction,
the wind must be taken into account in any
attempt to describe recruitment more pre-

5 10 B during each minute of dancing.

The model matches the data
fairly well.

cisely. The odors for which recruits are
searching are presumably moved about
and distributed in the field depending on
wind direction and speed (35). Two-dimen-
sional arrays might be useful in this regard,
but for a complete description of recruit
behavior the path taken by individual re-
cruits as they get from the hive to the food
must be directly determined.

Conclusions

Depending upon conditions, honey bee
recruits use either the dance language and
odor information, or odors alone. Wen-
ner’s conclusion that ““one cannot have it
both ways” (36)—that bees can have only
one strategy for recruitment which they
must use under all circumstances—is clear-
ly incorrect. On the other hand, recruit-
ment to odors alone might be the usual sys-
tem in honey bee colonies not under stress.
(Even in these experiments, a substantial
number of recruits arrived at the forager
station, presumably without having used

Table 3. Integration experiments. Each asterisk indicates a station signaled by one group of foragers.
Figure 5B summarizes the data. Experiment A was performed on 8 August 1974 with jasmine as the
experimental scent. The wind was from 003° at 2.8 miles per hour. The sky was partly cloudy, the
barometric pressure was 769.5 mm-Hg, the relative humidity was 76 percent, and the temperature
was 24°C. Experiment B was performed on 9 August with lavender scent. The wind was from 004° at
4.6 miles per hour. The sky was partly cloudy, the pressure was 768.5 mm-Hg, the humidity was 80

percent, and the temperature was 23°C.

Forager visits

Recruit arrivals

Experi-  Period
ment (min) A B 58° 65 73° 80Y2° 88°
A 20 13 18 19** 10 6 1 2
10 8 10 8* 6* 3 2 0
10 7 12 5* 5 3* 2 2
10 10 10 6* 1 4 4* 1
40 44 41 21* 13 12 9 25*
B 30 17 16 18** 4 2 1 0
10 11 9 8* 3* 2 1 1
10 14 15 6* 5 3* 0 0
10 9 15 3* 1 4 4* 1
40 38 37 21* 9 12 10 21*




the dance information.) For example,
when a single, abundant, and (presumably)
extensive crop is available, the odor of that
source in the hive might grow strong
enough to eliminate dance-language re-
cruitment. However, even in the early
stages (just after the food is first located),
the dance language would be necessary to
alert foragers to the new source.

By their very different training tech-
niques, von Frisch and Wenner may have
been sampling two stages of the same pro-
cess: exploitation of an abundant food
source. Von Frisch’s experiments could be
seen as examining the early phase, while
Wenner’s would be exploring a later phase.

The inherently “spectacular” nature of
the dance language may have helped to
empbhasize it out of proportion to its actual
place in the ecology and dynamics of for-
aging. Alternatively, single, abundant, ex-
tensive food sources may be more typical
of current agricultural practices than of
the tropical forests in which the honey bee
and its language evolved. In that case, the
ability to direct recruits to a distant, iso-
lated patch of food quickly—either before
it was found by another colony or another
species, or before the potentially brief
blooming period ended—might have been
a real advantage. Only further work can
establish whether the dance-language
communication is common or rare under
normal circumstances. Even a rare phe-
nomenon may still be real, however, and
the dance language is a real and very
significant phenomenon indeed.

Some of the resistance to the idea that
honey bees possess a symbolic language
seems to have arisen from a conviction
that “lower” animals, and insects in partic-
ular, are too small and phylogenetically re-
mote to be capable of ““‘complex” behavior.
There is perhaps a feeling of incongruity in
that the honey bee language is symbolic
and abstract, and, in terms of information
capacity at least, second only to human
language (37). Despite expectations, how-
ever, animals continue to be more complex
than had been thought, or than experi-
menters may have been prepared to discov-
er (38). Especially in ethology, it is difficult
to avoid the unprofitable extremes of
blinding skepticism and crippling roman-
ticism.
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sponds to 5.6 bits of information. The goal may be
either nectar, pollen, propolis, or nesting cavities
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tion about the odor of the food. Von Frisch (3)
showed that bees could distinguish all 46 floral
odors he had available. On another occasion, re-
cruits successfully located the correct plants from
among 700 other flowering species (6, p. 48). Asa
conservative estimate, the number of different
odors will be taken to be 100—that is, 6.5 bits.
From these estimates, the lower limit to the reper-
toire size of the dance is 25.4 bits, or 4 x 107 dis-
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use all of her 130-0dd signs to form four-word sen-
tences in the pattern noun-verb-modifier-noun, and
if her repertoire of mostly nouns were actually to
consist of 70 nouns, 30 verbs, and 30 modifiers,
then 3.25 x 10° sentences would be theoretically
possible. (Of course, only a fraction of these would
make any sense; Lana’s considerable aptitude in
learning experiments may allow less crude esti-

The American Birth Rate:
Evidences of a Coming Rise

The proportion of young women who have not yet had

any children is rising rapidly in this country.

With only one minor exception (in 1969
and 1970), the American birth rate
dropped steadily after its peak in 1957. By
1973, the latest year for which nationwide
data are available, the general fertility rate
hit the lowest point ever recorded for it—
69.2 live births per 1000 women aged 15 to
44 (1). The question naturally emerges,
How long will the decline or the low rate
already reached continue?

A tentative answer to this question is
suggested by an examination of recent data
from the state of California. As a result of
a cooperative research project between the
University of California, Berkeley, and the
California Department of Health, more re-
cent birth information is available for that
state than for the country generally, per-
mitting study of current fertility trends by
legitimacy status, race, age, and parity of
mother (2). Because it was one of the first
states to liberalize abortion laws and to
show high rates of legal abortion, we can
also include in our investigation the impact

of abortion. Our analysis is based on final -

birth figures through 1973 and estimates
for 1974 derived from counts of all birth
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records in that year except for a small
number of late filings. We examine also re-
cent birth information from four other
states where, as in California, the potential
for complete fertility control has been en-
hanced through the widespread availability
and use of legal abortion (3). Selected data
for the United States as a whole are
presented for comparative purposes.

This examination suggests that the de-
cline in the nation’s birth rate is coming to
a halt and that an upturn is in the making.
To begin with, the proportion of childless
young women is now very high, and there
is evidence that they do not desire to re-
main childless permanently. To reach their
reproductive goals, they will have to begin
their families soon. Evidence that young
women may be starting to make up for lost
time is provided in the latest data for Cali-
fornia. There, despite somewhat adverse
economic conditions, birth rates rose in
1974. Further, in California and the
United States as a whole, contrary to the
original expectations of some observers,
liberalized abortion has had only a small
effect on legitimate fertility and has not
stopped the upward trend in illegitimate
births. To understand why the country
may now be entering a period of rising fer-
tility requires an examination of the rea-
sons why fertility fell in the first place.

mates in the future.) The minimum equivalent fig-
ure for the repertoire size of a 10,000-word human
vocabulary is more than 10** seven-word sen-
tences, or 74 bits.

38. A phenomenon admirably reviewed by D. R. Grif-
fin [in Animal Communication, T. A. Sebeok, Ed.
(Indiana Univ. Press, Bloomington, ed. 2, 1975)].

39. I thank N. E. Gary for technical advice, M. Brines
for technical assistance, R. O’Connell for obtain-
ing the scents, M. Rosetto for designing the elec-
tronics, J. Crane for lending the video tape equip-
ment, and P. Marler, C. G. Gould, F. Nottebohm,
and especially D. R. Griffin for their criticisms and
encouragement. Supported in part by the Mary
Flagler Cary Charitable Trust, Millbrook, New
York.

The Fall in Fertility

As is well known, the fall in the general
fertility rate after 1957 was not expected to
continue into the late 1960’s and early
1970’s, because during that period the
large cohorts of women born during the
baby boom of the 1940’s and 1950’s would
be in or coming into the age bracket 15 to
24, in which more than half of all births oc-
cur. The proportion of all women in the
childbearing ages who were in this age
group rose substantially after 1960 (Table
1). Yet, except for the slight rise in 1969
and 1970 (which is discussed later), the
general fertility rate continued falling rap-
idly in the late 1960’s and early 1970’s in
both California and the nation generally
(Fig. 1).

In part, the drop came from a declining
marriage rate among the young. During
the years that the number of women aged
15 to 24 was increasing, the proportion
who were marrying at those ages was de-
clining (Table 2). In California the per-
centage of single (never-married) women
in the age bracket 20 to 24 rose from 24.5
in 1960 to 37.9 in 1973; in the United
States as a whole it rose from 28.4 to 38.3.
At the same time there was a steady rise in
the proportions of women whose mar-
riages had been disrupted (Table 2). In
California the percentage of divorced, wid-
owed, and separated women aged 25 to 44
increased from 9.7 in 1960 to 13.8 in 1973.
As a result of both these influences, the
percentage of women of childbearing age
in California who were currently married
and living with their husbands fell from
71.1 to 58.9 between 1960 and 1973.

To determine how much of the decline in
the general fertility rate could be attribut-
ed to changes in the proportion of women
married and living with their husbands, we
applied the 1973 age-specific legitimate
and illegitimate birth rates to the popu-
lation of married and unmarried women
that would have existed in California in
1973 if the percent unmarried in each age
group had remained at the 1960 level. This

693



	Cit r45_c62: 
	Cit r19_c22: 
	Cit r30_c35: 
	Cit r25_c29: 
	Cit r47_c70: 


