mains near the middle control station,
so also were most recruits collected
at the middle site when all stations
became more similar in attractiveness.
In either experiment 2A or 2B, the
recruit distributions more closely cor-
respond with the spatial distribution of
dishes than with the results from the
first (control) experiment of each series.
[Statistical tests have not been employed
in this or in other comparisons for
various reasons; see note 9 in a re-
lated study (5).]

The results from the third experi-
ment in each series (Table 1, 3A and
3B), where an equal number of marked
dark bees foraged at all four sites
(and in which the stations would be
even more equal in attractiveness), cor-
relate even better with the linear dis-
tance of each site from the geometric
center of all sites. The close corre-
spondence between the spatial arrange-
ment of all stations and the distribu-
tion of recruited bees persists with little
modification by wind conditions, pos-
sible interference between bees from
the two different hives (12), and, per-
haps even more important, slight dif-
ferences in locality odors.

The results of the original fan ex-
periments were interpreted by von
Frisch as a demonstration of the pre-
cision with which honey bees use direc-
tion information. He concluded that
the majority of searching bees, after
leaving the hive, move within an angle
deviating not more than 15° to the left
or right of the experimental direction
(13). While repetitions of such experi-
ments yield data which seem completely
consistent with the original results (ex-
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periments 1A and 1B), results obtained
after the incorporation of essential con-
trols into the experiments indicate that,
if recruits use the direction information
of the dance, they fail to do so with
the precision suggested by the original
experiments. Thus, although the waggle-
dance maneuver contains relatively pre-
cise direction information, it would
appear that local cues (including locali-
ty odor, food odor, hive odor, and bee
odor at the site) dictate the location
or locations at which recruits settle to
feed.

DENNIS L. JOoHNSON
Department of Biological Sciences,
University of California, Santa Barbara
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Honey Bees: Do They Use the Distance Information
Contained in Their Dance Maneuver?

Abstract. Regular visitors at one site (experimental) in a linear series of
sites normally recruit inexperienced hive mates to or near that site. If bees from
a second hive were allowed to forage at both control sites, however, recruits from
the experimental hive, while orienting to these sites, exhibited 1o evidence of
having used any distance information they might have received before leaving

their parent hive.

Important evidence for the theory
that bees communicate and use abstract
_information concerning the distance of

a food source comes from the step-’

experiments {(Stufenversuchen) of von
Frisch and co-workers (Z). A linear
series of stations were placed in one
direction from a hive with a known
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number of marked visitors frequenting
only one, the experimental. Repeated
round trips by these marked bees, in-
terspersed with waggle dances in the
hive, preceded recruitment of new bees
to or near the experimental site (2,
3). Since the dance maneuver executed
by successful bees upon their return

to the hive contains information con-
cerning the distance of the food site and
since recruited bees generally arrived at
the proper distance or close to it, re-
cruited bees were presumed to have
used the distance information contained
in the dance before finally orienting to
the specific odor of the food site.

The evidence gathered in support of
distance communication in the dance
“language” hypothesis might be an arti-
fact of the experimental design rather
than an indication that bees use dis-
tance information contained in the dance
maneuver (see 2, 4). If not, and if
recruited bees use the distance infor-
mation furnished by regular foragers
(and only secondarily use scent of food
and of location upon their arrival at
the approximate distance), then mak-
ing both control and experimental sites
more uniform in terms of bee visita-

_ tion should not influence the overall

distribution of recruits. I have studied
the distribution of recruits both before
and after bees foraged at control sites
as well as at the experimental site.

All experiments in this series were
conducted at the golf course of the
Santa Barbara campus of the Univer-
sity of California, on an area largely
devoid of living vegetation at that
time of the year. One or two dif-
ferent hives provided the bees for each
experiment, depending on the particu-
lar conditions required. One hive con-
taining dark bees (Apis mellifera,
Italian strain) was always used as the
experimental hive to test the distance-
communication hypothesis, whereas an-
other hive of light bees [Italian strain,
cordovan gene (cd) for body color]
served as the control hive when
needed (5). At the time of the experi-
ments, the hives contained at least
30,000 and 10,000 bees, respectively.

- The darker bees from the experi-
mental hive were trained (6) to forage
at only one of four possible sites in
each of the experiments. The other three
sites served as controls for this hive
(Fig. 1). These sites were linearly ar-
ranged in an east-southeast direction
from the hive so that the prevailing
wind (from the south or southwest)
was generally at right angles to the line
of flight of bees from the experimental
hive during each experiment. Place-
ment of the sites 100 m apart insured
that most recruits from the experi-
mental hive would be exposed to
relatively accurate information concern-
ing the distance of the experimental

site (2, 7).
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All foragers visiting the experimental
site were individually marked before
they returned to the hive. Since increas-
ing the total number of foragers at
each site increased the number of re-
cruits caught, the number of foragers
was adjusted before each experiment
to insure an adequate number of re-
cruits but not so many as to deplete
the recruit pool of the experimental hive
or to make difficult the capture of all
unmarked bees as soon as they arrived.
After the desired number of regular
foragers at the experimental site was
attained, new unmarked arrivals were
routinely killed until an experiment was
started.

Regular visitation of bees from the
control hive was adjusted in a similar
manner. The use of light-colored bees
from the cordovan hive permitted forag-
ing and recruitment at the various sites
when desired without causing confusion
about the origin of unmarked foragers
at each site (I know of no pertinent
differences in the behavior of these two
colors of bees). This control hive was
placed about 150 m downwind from
the line of stations between the sites
at 200 and 300 m (Fig. 1).

At the beginning of each experiment
(after experienced dark foragers had
regularly visited the experimental sta-
tion for at least an hour), a clean
dish was provided at each site and
filled with lavender-scented sucrose so-
lution (1.5M sucrose with four drop-
lets of lavender oil per 500 ml of
solution). Only the trained foragers at
each site were permitted to forage and
return to their respective hives.

A total of five persons gathered
data at the four sites. At the end of
cach 10-minute period, the free person

CONTROL
o HIVE

EXPERIMENTAL
HIVE

[, —

Fig. 1. 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 experi-
mental hive were trained to forage at eith-
er 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 ex-
periments.

replaced the investigator (and station,
including dish) at the 500-m site, who
in turn replaced the 400-m station, and
so forth. After each complete cycle of
station switching, at which time the
person at the 200-m site became free,
the extra dish was washed before the
next cycle. In this manner, the dish
that had been frequented by trained
dark bees was moved closer to the hive
in two or three steps (depending on the
experiment) and was then washed.
We switched stations to reduce any ef-
fect, or effects, of hive odor left at the
dish or characteristic human odor pres-
ent at each site (8).

Only the collecting bottle (containing
alcohol) remained at each site during
the experiment, insuring that each bottle
contained bees collected by each of the
investigators. Every unmarked bee land-
ing at each station was captured and

Table 1. Distribution of recruited bees in three step-experiments, with data for dark and
light recruits separated for ease of comparison. In the first experiment, 43 dark bees foraged
only at the 400-m site. During the second experiment, 13 dark bees visited only the 400-m
site, but 25, 26, and 13 light-colored bees visited the 200-, 300-, and 400-m sites, respectively.
For the final experiment of the series, 14 dark bees from the experimental hive foraged only
at the 500-m site, while 15, 15, 15, and 5 light-colored bees from the control hive foraged at
the 200-, 300-, 400-, and 500-m sites, respectively.

Bees recruited to each site (%) Total Wind
Exper- recruits : . .
- Direc- Ve- Time Date
iment 200 300 400 500 caught TLEE ) e
m m m m No.) (degrees) (knots)
Dark-colored
1 10 14 74 2 123 220 10 1350 13 July
2 18 48 33 1 146 220 9 0935 19 July
3 6 43 42 9 67 180 8 0945 21 July
: Light-colored
1 220 10 1350 13 July
2 12 62 26 0 448 220 9 0935 19 July
3 2 42 50 4 409 180 8 0945 21 July
848

placed in this bottle during each 2-
hour experimental period.

Three different types of experiments
provided data on the effect of varying
the number of dark and light bees that
regularly visited each of the four sites
(Table 1). The first experiment, in which
only dark bees foraged only at the
400-m site, tested whether switching
the dishes would alter recruitment dis-
tribution from that expected by the dis-
tance-communication hypothesis. Dur-
ing this experiment the 43 dark bees
could furnish distance information con-
cerning the 400-m site only upon their
return to their hive.

As can be seen from the data for
the first experiment (Table 1), 74 per-
cent of the unmarked bees collected
at the various sites had arrived at the
site  frequented by the experienced
foragers. This distribution does not dif-
fer appreciably from what one might
expect from the distance-communica-
tion hypothesis.

The second experiment assessed re-
cruit distribution at the various sites
when three of them (200-, 300-, and
400-m sites) had an equal number of
regular visitors (the fourth site, having
no regular visitors, served as a control
against the first three sites for recruit-
ment from both hives). In this experi-
ment, dark bees again could furnish
information on the 400-m distance only
upon their return to their hive. Light-
colored bees could collectively provide
information on three of the sites upon
their return. Each hive thus served as
a control against the other.

The uniform visitation of experienced
foragers at the first three sites marked-
ly altered the distribution of dark re-
cruits. Now only 33 percent of the dark
bees caught had arrived at the experi-
mental site and 66 percent of them had
arrived at one of the closer sites. In
addition, the distribution of light-colored
recruits compares well with the distribu-
tion of dark recruits.

The third experiment determined the
distribution of recruits when all four
sites had equal visitation by trained
foragers. According to the established
theory, dark bees should have recruited
their hive mates mostly to the 500-m
site (Table 1), and light-colored bees
should have recruited hive mates to the
first three of the four sites with nearly
equal effectiveness. Again, each hive
served as a control against the other.

Both dark and light recruits again
failed to appear at the four sites in
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accordance with that information they
might have gotten from experienced
bees before they left the hive. Further-
more, the distribution of dark recruits
once more resembles that of the light
recruits, even though recruits from
each hive would not have had access
to information provided by experienced
bees from the other hive.

That trained dark bees from the ex-
perimental hive could successfully re-
cruit hive mates to the 500-m site
is evident from a tally made after the
control hive had been removed from the
area. At that time 38 regular foragers
succeeded in recruiting 49 new bees
in 70 minutes (while only two landed
at a control station at 350 m).

Results from the first experiment, in
which regular foragers visited only the
experimental site and 74 percent of
all recruits caught had landed at that
site, do not differ markedly from the
results of earlier step-experiments of
von Frisch and co-workers (). The act
of regularly switching the dishes, by
itself, did not appreciably alter the dis-
tribution from that expected on the
basis of the- dance-communication hy-
pothesis [in one respect, though, these
results are not directly comparable to
those reported earlier, because un-
marked bees were collected upon land-
ing, whereas von Frisch and co-workers
tallied them as they approached the
dish (2)].

Results from the second experiment
(in which three of the four sites were
made more similar to each other by
having equal and regular visitation at
each site), however, show a drastic al-
‘teration of the distribution of dark re-
cruits at the various sites. Regular dark
foragers from the experimental hive
could provide information concerning
the location of the 400-m site only,
but most of the recruited beés from
that hive arrived at nearer sites. Only
33 percent arrived at that site about
which information would have been
provided in the dance maneuver.

The close correspondence between
the distributions of dark and light re-
cruits in the second experiment emerges
more clearly in the remarkable similari-
ty between the distributions of dark
and light bees obtained in the third ex-
periment (9). Again, neither distribu-
tion resembles what one might expect
on the basis of the dance-communica-
tion hypothesis. That is, bees returning
to the control hive would be able to
collectively furnish direction informa-
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tion concerning all sites, whereas bees
returning to the experimental hive would
be able to furnish information concern-
ing the distance and direction of the
500-m, experimental, site only.
Furthermore, both distributions ob-
tained in the third experiment exhibit

an interesting symmetry about the geo-.

metric center of all sites. The percentage
of recruited bees arriving at each site
from both hives closely correlates with
the distance of each site from the cen-
ter of moment of all sites (9). Of all
the distributions, that of the dark re-
cruits in this third experiment reveals
this most clearly. Whereas only 9 per-
cent of the dark recruits arrived at the
experimental site, 85 percent arrived
at one of the two sites closest to the
center of all sites.

The particular distribution of recruits
may well arise from the fact that, even
if all stations are equal in attractive-
ness, they would not necessarily  be
similar in their spatial relationship. The
300- and 400-m stations have at least
one station on either side of them,
but the end stations each have other
stations in only one direction.

The results from the present experi-
ments indicate that previous step-ex-
periments (which contribute to the
interpretation that recruited bees use
the distance information contained in
the dance maneuver) lack at least two
essential controls in their design. For
a step-experiment to be properly con-
trolled, experimental and control sites
should be as similar to each other as
possible. Even if various sites are iden-
tical in attractiveness to bees, however,
the geometry of the arrangement of
various sites apparently funnels re-
cruits toward the center of all sites (2).

Clearly, the dance maneuver execut-
ed by successful bees contains infor-
mation related to the distance between
the hive and the food source. My re-
sults, however, are not consistent with
the interpretation that recruited bees
use that information in arriving at the
appropriate distance from the hive be-
fore they orient to the specific odor
of the food. These results indicate, in-
stead, that recruited bees apparently
use other information after leaving their
hive (including odor of hive mates or
other bees) in the process of orienting
to a particular food site visited by bees.

ADRIAN M. WENNER
Department of Biological Sciences,
University of California,
Santa Barbara 93106
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Effects of Magnesium Pemoline

.and Dextroamphetamine

on Human Learning

Abstract. Two central nervous system
stimulants, magnesium pemoline and
dextroamphetamine, were tested to see
if they facilitate learning in human
subjects. Subjects under placebo learned
faster than the subjects under any of
the several doses of magnesium pemo-
line; however, none of these differ-
ences reached statistical significance.
Subjects who received dextroampheta-
mine learned significantly more slowly
than those who received placebo.

The stimulant magnesium pemoline
has been reported (1) to enhance learn-
ing and memory in the rat. According
to Glasky and Simon (2) magnesium
pemoline facilitates the synthesis of
nucleic acids in the brains of rats.
They argue that this finding is relevant
to the biochemical findings which sug-
gest that RNA synthesis or protein
synthesis, or both, underlie memory
and learning. Consonant with Glasky
and Simon’s biochemical findings is the

849



