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INTRODUCTION.

Whether insects can or cannot distinguish colors is a matter
of much theoretical importance, for the correct interpretation
of the relation of insects to flowers depends upon this answer.
Most students of natural selection believed, at one time, that the
forms and colors of flowers were adaptations to insect visitors.
Lately there has been a reaction based on the general consensus
of opinion, among morphological entomologists, concerning the
poorness of insect vision. Kellogg! writes: “The fixed short focal
distance, the incompleteness and lack of detail incident to a
mosaic image, and the lack of accommodation (only partly pro-
vided for by the shifting of the peripheral pigment) to varying
light intensity, which are admitted conditions of insect vision,
make i1t seem difficult to account for the intricacy in pattern
common to many flowers on a basis of adaptation to animal
visitors of such poor seeing capacity as insects.

“Experimental evidence touching this criticism is singularly
meager when one considers the importance of the subject. If
insects can accurately distinguish colors, and at some distance,
and can perceive the fine details of color-pattern at a very short
distance, then the explanation of floral structure and pattern as
adaptation to insect visitors has solid foundation for even the
amazingly large and varied results which it attempts to explain;
if not, it is hard to understand how the explanation is valid (at

1Kellogg, V. L., ““American Insects,”” Henry Holt & Co., second edition, revised,

19008, pp. 580.
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least in any such all-sufficient degree as commonly held), despite
its logical character (in light of our knowledge of the nearly
limitless capacity for modification of natural selection) and the
abundant confirmatory evidence.

“Most of the experimental evidence so far offered is that in-
cluded in Darwin’s account (‘On the Fertilization of Flowers by
Insects’); in Lubbock’s account of his experiments on honey-
bees, familiar because of its presentation in his readable book,
‘Ants, Bees and Wasps’; and in Plateau’s account of his more
recent but less familiarly known experiments with various insects
including bees. Both Lubbock and Plateau are investigators
ingenious in device, keen in deduction, and of unquestioned
scientific honesty. Yet their conclusions are a direct contradic-
tion. Lubbock believes that bees recognize colors at a consider-
able distance, that they ‘prefer one color to another, and that
blue is distinctly their favorite.” Plateau finds that neither the
form nor the brilliant colors of lowers seem to have any important
attractive role, ‘as insects visit flowers whose colors and forms
are masked by green leaves, as well as to continue to visit flowers
which have been almost totally denuded of colored parts’; that
insects show no preference or antipathy for different colors which
flowers of different varieties of the same or of allied species
may show; that flowers concealed by foliage are readily dis-
covered and visited; that insects ordinarily pay no attention
to flowers artificially made of colored paper or of cloth whether
these artifacts are provided or not with honey, while, on the
contrary, flowers artificially made of living green leaves and pro-
vided with honey are visited (from the attraction of the ‘natural
vegetable odor’). From these observations Plateau concludes
that ‘insects are guided with certainty to flowers with pollen or
nectar by a sense other than that of vision and which can only be
that of smell,” and finds particular proof of this in the facts, ac-
cording to his observations, (1) that insects tend, without hesita-
tion, towards flowers usually neglected by reason of the absence
or poverty of nectar, from the moment that one supplies these
flowers with artificial nectar, represented by honey; (2) that
insects cease their visits when one cuts out the nectary without
injuring the colored parts, and re-begin their visit if one replaces
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the destroyed nectary by honey; (3) that it suffices to attract
numerous insects if one puts honey on or in normally anemophil-
ous flowers, simply green or brown in color, which are normally
practically invisible and almost never visited by insects; and
(4) that the visiting of flowers artificially made of fresh green
leaves and containing honey demonstrates plainly the rdle of
the sense of smell.

“It must be said that, despite many just criticisms that may
be made on the character of his experiments, Plateau has made
necessary more experimentation for the relief of the general
theory that floral adaptation of color is due to color preferences
of insect visitors.”

Forel' and von Buttel-Reepen® are opposed to Plateau’s views,
but Bethe? is in accord with Plateau.

To test his conclusions, Forel repeated, in the following manner,
Plateau’s dahlia experiment. (1) Paper dahlias were distributed
among some dahlias from which a large number of bees were
collecting honey. The bees paid no attention to these artifacts.
(2) Honey was placed on these artifacts, and, by skillful manipu-
lation, brought to the attention of one of the bees. Immediately
that bee neglected the real dahlias for these artificial ones.
(3) Gradually all of the bees neglected the dahlias for those
artifacts with their inexhaustible supply of honey—inexhaustible
because it was constantly replenished by Forel.  (4) The artifacts
were removed. After a lapse of several days, similar artifacts,
but containing no honey, were scattered among those dahlias.
Immediately the bees neglected the dahlias for the artifacts,
which they searched for honey. Forel thinks this experiment
shows that bees have space, form and color perception.

Von Buttel-Reepen bases his opposition to Plateau’s views
largely upon information furnished him by Herr Roth, leader of
the Baden bee-keepers school, and a teacher named Staehelin.

Forel, Aug., “‘Die psychischen Faehigkeiten der Ameisen und einiger anderer
Insekten,”” Muenchen, 19or. ‘“‘Ants and Some of their Instincts,"” Monist, vol. 14,
1003—4.

!Buttel-Reepen, H. von, “Sind die Bienen Reflex-maschinen?, Experimental
Beitriige zur Biologie der Honigbiene," Biol. Centralbl., Bd. 20, 1900. ‘“‘Are Bees
Reflex Machines?'" translated by Mary H. Geisler, Medina, O., 1007.

3Bethe, A., ““Die Heimfihigkeit der Ameisen und Bienen zum Theil nach neuen
Versuchen,” Biol. Cenirlbl., Bd. 22, 1902.
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Von Buttel-Reepen states: ‘““We have seen above that the flight
[of bees] becomes very unsafe in the dusk; therefore it is evident
that gloomy weather influences considerably the ability to orient.
‘One of my former neighbors,” Roth says in his communication,
‘painted the gable of his house over the apiary with a sky-blue
(luftblau) color. The same bees which always flew over the
gable, on the next dark day, bumped against it with their heads,
trying to fly through it.” A teacher, Staehelin, made the following
observations: A weak after-swarm, mostly of young bees from
a hive painted blue, dispersed among the masses of humming bees
which were just taking their flight of orientation out of the other
hives (which, as 1s usually the case in Germany, Switzerland, and
Austria, were standing close together), and settled here and there
in clumps. After a short time they flew back to the bee-house;
but only a few found the right hive; the rest flew to other
colonies, and to which? Only to those where a blue door invited
them did they attempt an entrance, but nowhere else. Unfor-
tunately they were so hostilely received that the ground in front
of all of the blue hives was covered with bees.”

Bethe had a swarm of bees lodged in a brown hive which rested
on a table. He painted the outside of the hive blue and covered
the table with green branches. Instead of the backgrond of
trees, he substituted one of white and yellow flowered cloth.
No change was produced in the home-coming of the bees. This
Bethe considers conclusive proof that bees are not guided home
by memory picture contributed by the eyes.

So far as my knowledge goes, M. Gaston Bonnier! is the only
recent investigator who furnishes any experimental evidence that
supports Bethe's view. He found that bees, the eyes of which
had been rendered opaque with pigmented collodion, would pass
direct to the hive from any distance less than three kilometers.
This observation, which is not in harmony with Forel’s experi-
ence,” supports Bethe's contention, but it has no direct bearing
upon color vision.

The purpose of this paper is not to discuss the homing of the

1Bonnier, M. Gaston, ‘‘LLe sens de la direction chez les abeilles,” C. R. Acad.
Seci., Paris, T. CXLVIII., 1000, pp- 1010—-I022.

*Forel always found that bees, the eyes of which had been rendered opaque,
could not find their way home.
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honey bee; but, by means of simple experiments, to throw some
light upon the question ““Can bees distinguish colors?”

DESCRIPTION OF THE EXPERIMENTS.

The following experiments were performed in a large field just
west of O'Fallon Park, St. Louis, Mo. The white sweet clover
(Melilotus alba LLam.), with its long racemes of white papiliona-
ceous flowers, was abundant in dense patches; but there were a
few vacant places in the field. Foraging bees were visiting this
white melilot in large numbers.

Series I. (July 12, 2 P.M.).

The discs used in this series of experiments were cut from
colored cardboard, and each was six centimeters in diameter.

EXPERIMENT 1.—1 placed six discs of red cardboard on the top
of rods that had been erected in the midst of a patch of white sweet
clover. The rods were so adjusted that the top of each was about
on a level with the tops of the weeds. Six similar discs were attached,
at different heights, to the branches of the weeds. Honey was placed
on all of these discs.

More than an hour passed by and no response was made to
these discs by the bees; but both flies and wasps visited them.
The weeds were full of bees that were continuously flying to
and fro in the immediate vicinity of these artifacts with their
copious supply of honey. Were the odor of honey alone sufficient
to attract hecs'rcﬂexly, these bees should have been attracted
early. After waiting half an hour, I decided to force the bees
to attend to my artifacts.

EXPERIMENT 2.—A bee was captured in a wide-mouth bottle and
the bottle, with the cork removed, inverted over one of the red discs of
experiment 1, until the bee dropped upon the disc; the bottle was
then removed. This was tried with six different bees.

In each case the bee always ascended to the top of the bottle
and attempted to escape. After several futile efforts it would
drop, either by accident or from exhaustion, upon the disc. At
that moment, I always removed the bottle. Immediately the
bee would leave never to return. Some of the bees fell into the
honey; but, even in that case, they did not return.
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EXPERIMENT 3.—A branch containing blossoms on which a bee
was foraging was gently removed from the plant and so manipulated
that the bee was less than two centimeters from the honey of one of
the discs of experiment 1. This was tried with six bees.

In no case did the bee pay any attention either to the honey
or to my discs. The bee always left immediately and went to
one of the blossoms of the melilotus.

EXPERIMENT 4.— Whenever a bee alighted on a blossom near one
of the discs of experiment 1, I gently moved the sprig until the bee
was brought to within less than two centimeters of the honey. This
was tried with a dozen bees.

No response was made to the honey.

In a cluster of weeds about a yard from the one in which most
of my discs were located, I had placed, at the beginning of this
series of experiments, a red disc so copiously supplied with honey
that it overflowed upon the weed. This disc was so situated
that by simply raising my eyes I could see it. Although the
melilotus was swarming with bees, that disc remained in that
place for nearly two hours before receiving its first visit from a
bee. At that time, however, a bee hovered at the edge of the
disc and began to sip the honey. It then alighted on the edge
of the disc and continued to sip the honey. Almost immediately
another bee flew up to this one. They both circled about for a
moment and then alighted on the disc; one on the edge and the
other near the center of the upper surface. From this time on,
all of my attention was focused upon this plant.

EXPERIMENT §5.—Near this disc was a blossom which I had wet
with honey. While the two bees mentioned in the above experiment
were foraging on disc one, a bee alighted on this blossom. 1 gently
moved the sprig until the bee was within about a centimeter of the
two bees just mentioned.

[t left the blossom and, alighting on the disc, began to forage.

EXPERIMENT 6.—While these bees were 1mbibing honey, I at-
lached two other red discs, each supplied with honey, to other
branches of the weed. (For descriptive purposes, starting with
the disc upon which the bees were feeding, we will designate
them disc one, disc two, disc three.)

One by one, the three bees on disc one departed for the hive.



EXPERIMENTS ON COLOR-VISION OF THE HONEY BEE. 263

On leaving, each hovered a moment above the disc, circled around
it, made two or more short circles about the weed, then, ascend-
ing, departed. In about five minutes, two of the bees had re-
turned to the weed. They did not visit any of the blossoms;
but, after circling in the vicinity of the disc for a moment,
alighted on the disc and began to imbibe the honey. They
arrived less than half a minute apart. After securing a supply
of honey, they departed in the same manner that they did before.
In less than five minutes, the two had returned. One of these,
after arriving at disc one, left it and went to disc two and ob-
tained honey. These three bees were watched carefully for half
an hour. In that time fourteen visits were made to the red discs;
eleven to disc one and three to disc two. No visits were made
to disc three. On two occasions three and on two other occa-
sions two bees were on disc one at the same time. On each of
these occasions, before departing for the hive, the bees always
explored the neighborhood of the disc.

For the half hour or more that I was conducting this experi-
ment, [ was too much occupied to pay any attention to the discs
on the other weed. I now watched them continuously for fifteen
minutes. Although the weed was alive with bees, no bee visited
the red discs. Had any of the bees discovered those discs and
had they begun to collect honey from them, some of them should
have made a return trip while I was watching. It is reasonable
to conclude that no bees had visited them.

Thus, although over a dozen discs, well supplied with honey,
were exposed, on weeds that were alive with bees, for fully three
hours, yet only three bees visited those discs and their visits
were confined to two of them!!

EXPERIMENT 7.—On leaving for home, all of the discs were re-
moved from the field except the three from which the bees were collect-
ing honey. On those discs I placed all of the honey that they would
hold. This was done hoping that, before dark, other bees, by
imitation, would learn to collect honey from those discs.

11 have tried this same type of experiments at other times. Although consid-

erable time always elapsed before the discs were attended to by the bees, yet the
time was seldom as long as this.
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Series II. (July 13, 8 A.M.)

On my arrival at the field this morning, I noticed that all of
the honey had been removed from the discs; and, in two cases,
that much of the color had been removed in spots. It looked
as though the bees had attempted to carry off even the paper
that had been saturated with honey.

EXPERIMENT 8.—Among the branches of the same plants of
melilotus from which, yesterday, a few bees learned to collect honey,
I placed six red and six blue discs. Two of the red discs (1, 4)
and one of the blue were attached to the tops of rods five feet high
(the height of the weeds), the others were pinned, at different levels,
to the branches of the weed. In the center of each red disc, honey
was placed. The red discs were numbered from 1 to 6, the blue
from 7 to 12. There was no honey on the blue discs.

Almost immediately a bee alighted on disc one. These discs
were watched continuously for a little less than a half hour.
During that time no bees visited the blue discs, but they made
thirty-nine visits! to the red discs. These visits were distributed
as follows: disc one, seven; disc two, two; disc three, nine; disc
four, seven; disc five, six; disc six, eight. The bees visited the
discs on the rods (1, 4) just as readily as they did those attached
to the weeds; they visited those high up (1, 2, 4, 6) just as
frequently as they did those low down (3, 5). Whenever a bee
was ready to depart for the hive, it always made, in the manner
already described, a careful orienting flight. From now on the
bees began to visit the red discs in such large numbers that it
was impossible to keep an accurate record of the number of visits
Sometimes as many as ten bees would visit the same disc at
the same time.? The significance of this marked change in the
behavior of the bees will be discussed later.

EXPERIMENT 9.—1 selected a red disc from which four bees had
been collecting honey and, while the bees were away, placed it about
six inches lower on the plant. In its place I placed a blue disc.
T'he blue disc did not have any honey on it.

'In all of these experiments, whenever a bee alighted on one of my artifacts, it
was counted a visit, whether it was the arrival of a new bee or a return visit of a
former visitor.

*When these experiments were first planned, it was my intention to mark each
bee that participated; but, at this stage of the work, I realized that such a pro-
cedure would be impracticable and my paint and brush were put away.
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The bees that arrived at the weed in the vicinity of the blue
disc dropped at once to the red disc, without even pausing before
the blue. ;

EXPERIMENT 10.—1 placed three more rods in the midst of the
same weed; on two of them I placed blue discs without honey, and
on the other one a red disc with honey.

At the end of fifteen minutes, all of the red discs were being
visited by numerous bees; none of the blue discs were being
visited.

EXPERIMENT 11.—7Two rods were placed so near each other that
a space of not more than two centimeters separated the discs. One
disc was red and the other blue. The red disc was supplied with
honey, the blue was not. After they had been in one position for fifteen
minutes, the red disc was placed where the blue had been and the
blue placed in the place from which the red had been taken.

During the few minutes that these discs were under observa-
tion, many bees visited the red disc; on one occasion, three bees
were obtaining honey from it at the same time. Only one bee
visited the blue, and, evidently, she was not foraging for honey.
She spent at least ten minutes on the disc and most of that time
was spent in one place. A part of the time she was rubbing her
legs against the edge of the disc, the remainder she seemed to
be simply resting.

EXPERIMENT 12.— Five centimeters from a red disc containing
honey, I placed a blue disc containing honey.

During the ten minutes that these discs were watched, twelve
visits were made to the red disc and only one to the blue. On
three different occasions, there were three bees on the red disc
at the same time. It was at the close of the ten minutes that the
first bee visited the blue disc.

Just as soon as the bee had imbibed the honey and left the blue
disc, the disc was replaced with a blue disc that was not supplied
with honey.

During the next five minutes, five visits were made to the red
and none to the blue. One bee hovered momentarily above the
blue and then went to the red.

EXPERIMENT 13.—1In a different place from that where experiment
twelve was performed, I arranged, close together on rods, one blue
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and two red discs. On the blue disc and on one of the red discs
honey was placed.

During the time these discs were under continuous observation,
fifteen visits were made to the red disc that was supplied with
honey, one bee alighted on the red disc that did not bear honey,
and three bees alighted on the blue disc. These three bees visited
the blue disc at the same time; one bee alighted on the disc,
and then almost immediately the other two followed.

While the three bees just mentioned were on the blue disc, the rod
supporting that disc was gently removed to a portion of the melilotus
patch that did not contain any of my experimental discs.

One by one, the bees made a careful orienting flight and then
flew away. These discs were no longer kept under continuous
observation; but, at regular intervals, they were visited and the
honey replenished. On those occasions I would watch each disc
for about five minutes. On each trip I found three bees visiting
the blue disc. The disc might be free from bees when I arrived;
in a short time, however, three bees would arrive. They did
not arrive simultaneously; but, before the first arrival had left
two more would be there. I therefore concluded that the same
three bees that discovered the honey on the blue disc had con-
tinued to visit it, and that no other bees had grasped the signifi-
cance of that blue disc. (Unfortunately, for the reason mentioned
above, these bees were not marked and one cannot be absolutely
certain of their identity; but, from a knowledge of the habits of
bees when foraging and of the time required to make a trip to
the hive, I feel certain that they were the same bees.)

EXPERIMENT 14.— While several bees were collecting honey from
one of the red discs that capped one of my rods, the rod was gently
carried fifteen feet in the direction of the hive and erected in another
patch of melilotus.

One by one, the bees made a careful orienting flight and then
flew away. In a short time they had returned. Often eight
or ten bees would be on the disc at the same time. While I was
taking my notes, some of the bees hovered within a short distance
of the small pad (13 X 8 cm.) on which I was writing, as though
they were examining it. From now on this behavior was common.

EXPERIMENT 15.—While ten bees were foraging on the red disc
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used in experiment fourteen, the rod was gently carried fifteen feet
nearer the hive and erected in a place that was free from tall weeds;
even the grass had been cropped short by a horse that had been
grazing there.

The bees, on leaving, hovered about the disc a long time, even
examining the cork to which the disc was pinned. Then, after
describing a shallow spiral, they flew away. In a short time six
had returned to this disc. On her return, each bee flew to the
cork first and then to the top of the disc. I was now forced to
leave the experiment for half an hour. On my return, the disc
was being visited by numerous bees. During the five minutes
that I watched it, twenty-six visits were made to it. There were
always from six to ten bees on the disc.

EXPERIMENT 16.— From the melilotus weed in which the first
experiments of this series were performed, I gently removed a rod
which was capped with a red disc upon which ten bees were foraging
and erected it fifteen feet further away from the hive, in another paich
of white sweet clover.

The bees on leaving made a careful orienting flight. 1 left
the disc for about twenty minutes. On my return, I found
seven bees resting on the disc and imbibing honey.

EXPERIMENT 17.—At that end of the field which was most distant
from the hive, and at about fifty yards from the weeds in which the
first experiments of this series were performed, there was a large
patch of the same plants, from the racemes of which numerous bees
were collecting honey. In the midst of these weeds, but well exposed,
I placed a red disc upon which I had poured some honey.

I remained by this rod for twenty minutes, but no bee ap-
proached it. At intervals of ten minutes, I made six visits to
this disc. Each time I remained five minutes. At no time did
I find any bees visiting the disc.

EXPERIMENT 18.—In a space free from tall weeds, about thirty
yards nearer the hive than the weed in which the first experiments of
this series were performed, I erected one of my five foot rods and on
its top placed a red disc well supplied with honey.

At intervals of ten minutes, I made four visits to this disc.
The first time I found one bee on the disc; the second time, three;
the third time, two, and the fourth, four.
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At this stage, I removed all of the discs from the field except the
one used in this experiment.

At intervals of ten minutes, I made two additional visits to
this disc. On the first trip I found ten bees on the disc; on the
second trip, I found eight.

On leaving for home all of the discs were removed from the field.

Series III. (July 14, 7:30 A.M.)

A pparatus.—The cornucopias used in this series of experiments
were made in the following manner: A piece of cardboard,
colored on both sides, was cut the shape and dimensions shown
in Fig. 1. It was folded along the dotted lines and the flaps

Fi1G. 1.

fastened where they lapped. About one centimeter of the apex
of the cone was bent over and fastened. When finished, each
cornucopia was nine centimeters long, with an elliptical lip
six centimeters wide and three centimeters high. The lip was
used for attaching the cornucopia to some support. Incidentally
it furnished a platform for the bees. Some of the cornucopias
were red and some were green.

EXPERIMENT 19.—In the weeds that were the seatof the experi-
ments of yesterday, several cornucopias were arranged at different
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levels. Half of these were red and half were green and they were
arranged in pairs, one red and one green constituting a pair. The
openings of both members of a pair faced in the same direction. All
of these cornucopias were attached to parts of the weed. The red
ones were supplied with honey, but the green were not.

Immediately after I had pinned the first red cornucopia to
the bush, a bee entered it and began to collect the honey. Two of
these pairs were kept under observation for nearly an hour.
During that time numerous bees entered the red cornucopias,
but not a bee entered the green ones.

EXPERIMENT 20.— Five red cornucopias, each containing honey,
were arranged on rods in the following manner: A, in a patch of
melilotus about fifty vards further from the hive than the weeds
that were the site of experiment nineteen; B, C, D, arranged in a
line extending from the patch that was the site of experiment nineteen
towards the hive, B twenty feet from the patch, C thirty-five feet,
and D fifty feet; E sixty yards from the same patch mentioned
above in a line which, at the experiment patch, made an angle of
45° with the line containing B, C,and D. Each of these cornucopias
was visited once every twenty minutes, at which times it was watched
closely for three minutes. The number of bees in the cornucopia
when I arrived were counted, the number to arrive after I did were
noted and the sum of the two numbers recorded.

The results of the above experiment are recorded in the fol-
lowing table:

Name of the Cornucopia.

A B : O D E
Number of bees observed on trip 1 0 I 7 1 0
Number of bees observed on trip 2 0 8 2 8 0
Number of bees observed on trip 3 0 12 | 6 6 0
Number of bees observed on trip 4 1t 21 | 13 11 2l
Number of bees observed on trip 3 1 X | 3 16 I
Number of bees observed on trip 6 0 s ol B 4 % e
Number of bees observed on trip 7* 1? sl X o ERINE

1Before leaving the bee made a careful orienting flight. She examined the cor-
nucopia on all sides several times, reentered it three times, and, after describing
a corkscrew curve, flew away to the hive.

*There was an interval of an hour between trip six and trip seven.

" Two other bees hovered near, but did not enter. The one that entered left
immediately. The cornucopia was swarming with ants.

X means that the bees were so numerous that it was impossible to make an ac-
curate count.
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EXPERIMENT 21.—Side by side, on one of the branches of the
melilotus weed upon which most of these experiments were conducted,
I arranged a red and a green cornucopia, and placed honey in each.

During the first five minutes that these were under observation
twenty-five bees entered the red cornucopia and three the green.

EXPERIMENT 22. On rods erected in the open space between the
experiment weed and the hive, and about three feet from disc C of
experiment 20, a red and a green cornucopia were arranged side by
side. FEach contained honey.

During the first five minutes that these cornucopias were
watched, sixteen bees entered the red cornucopia and four the
green. '

EXPERIMENT 23.—The green cornucopia of experiment 22 was
replaced by a red cornucopia which did not contain, and never had
contained, honey. This placed two red cornucopias side by side,
one containing honey and the other empty.

During the five minutes that these cornucopias were under
observation, so many bees entered the red cornucopia which
contained honey that it was impossible to count them; five en-
tered the empty red cornucopia.

The empty red cornucopia was now placed where the one containing
honey had been and the one containing honey placed in its stead.

During the first five minutes that they werc observed, so many
bees entered the cornucopia which contained honey that it was

“impossible to count them; many bees hovered around the empty
cornucopia, but none entered.

The cornucopia that contained the honey was removed, the bees
shaken out, and the cornucopia put out of sight. This left an empty
red cornucopia in a part of the field which, for more than half an
hour, had contained at least one red cornucopia which was well
supplied with honey.

At first the bees circled around the cornucopia, presently one
entered and then left immediately. Within ten minutes twenty-
five bees had entered the cornucopia. (Thisdoes not mean twenty-
five different bees, for the same bee entered more than once
and was counted each time.) At first each bee left as soon as
she had reached the inner depths of the cornucopia. Soon, how-
ever, the bees began to enter so rapidly and in such large numbers
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that it was impossible for those that had reached the inner depths
to leave without a struggle; and, in less than thirty minutes,
the cornucopia was packed almost full of struggling bees, and
numerous others were hovering around the mouth, seeking a
place to enter.

EXPERIMENT 24.—FEver since the beginning of this series of ex-
periments, the red cornucopias on the melilotus had been kept well
supplied with honey. At this time the weed contained eight red
cornucopias and an equal number of empty green ones. Into the
upper portion of this weed, I placed an empty red cornucopia.

During the five minutes that this cornucopia was watched,
twelve bees entered, one at a time, tarried a moment and then left.

EXPERIMENT 25.—In the open, three feet from the empty red
cornucopia of experiment 23, I placed, on a rod, an empty green
cornucopia. In this place, earlier in the morning, there had been
a red cornucopia well supplied with honey.

During the ten minutes that this cornucopia was observed,
many bees hovered around it; one alighted on the front platform,
but none entered.

All of the cornucopias were removed from the field except the
empty red cornucopia of experiment 23 and the empty green one
of this experiment. This left only two cornucopias in the field;
one red and one green, neither of which had ever contained honey.

This green cornucopia was watched continuously for ten min-
utes. During that time many bees hovered around the green
cornucopia; two alighted on the front platform, and one entered.
At the close of the ten minutes, I walked over to the empty red
cornucopia and found it almost full of struggling bees, and numer-
ous other bees were hovering around the entrance seeking admit-
tance.

Series IV. (July 15,3 P.M.)

This series of experiments was conducted with special card-
board boxes; each consisting of a rectangular outer case (8 X 5.2
X 2.5 cm.) with a porch-like extension in front and open ends,
into which there was shoved, from the rear, a cardboard tray
5.5 X 5 X 2.4 cm. Near onesideof the front end of this tray an
entrance was made. In most cases this entrance was a rectangu-
lar opening 2 X 1.2 cm.; in a special case it was circular and 1.5
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cm. in diameter. The tray was shoved in from the rear until
its rear end was just inside of the rear edge of the outer case.

In constructing the outer case, a piece of cardboard was cut
the shape and dimensions of figure two, folded along the dotted
lines and glued where the sides overlap. In constructing the
inner tray, a piece of cardboard was cut the shape and dimensions
of figure three, folded along the dotted lines and glued, by the
flaps, to the inner portions of the adjacent sides.

EXPERIMENT 26.—In the same weed that has been the site of most
of these experiments, I placed one green and two red boxes. The
green box was placed near one of the red boxes. The red boxes con-
tained honey, the green was empty.

It had been raining all morning and it was still quite cloudy,
and only a few bees were afield. About five minutes after the
beginning of the experiment a bee noticed one of the_red boxes.
She examined it carefully from all sides, found the entrance
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and entered. Soon after she entered, a heavy shower of rain
began to fall and I took shelter under a tree. On my return
(about fifteen minutes later) I found a large digger wasp in box
number one and bees visiting red box number two. As long as
that wasp remained in box number one, no bee would enter it.
During the time that these boxes were under continuous observa-
tion, fifteen bees visited red box number one and twenty-eight
visited red box number two. Towards the close of this experi-
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ment, some of the bees would fly into the tray without first
alighting on the portico. Not once was the green box visited
by a bee.

EXPERIMENT 27.—On my return after the rain mentioned in
experiment 26, a waltch-glass, seven centimeters in diameter, con-
taining honey, was placed on the ground within a foot of the weed in
which the boxes mentioned in experiment 26 were located. It was
left uncovered; but, on such a cloudy afternoon, it was not conspicu-
ous.

During the time that I was watching experiment 26, no atten-
tion was paid to the watch-
glass. At the close of that
experiment the watch-glass
was observed continuously

for ten minutes. During
that time not a single bee vis-

ited the watch-glass. Since
the trip to the hive required

less than five minutes, any
bee that had succeeded in
finding this watch-glass full
of honey would have made

at least one visit while | Patd
was watching; hence it is log-
ical to conclude that no bee had visited it.

At this point rain caused a recess until eight A. M., July 16.
On leaving for home, all of the boxes were removed from the weeds
and the watch-glass taken from the ground.

EXPERIMENT 28.—Side by side, in the same weed that has been
the seat of the majority of these experiments, I placed two red experi-
ment boxes; one contained honey and the other was empty.

As soon as I appeared on the scene, the bees began to hover
about me, and, before I could pin the red box with its supply of
honey to the weed, a bee had entered its tray. In a few minutes
so many bees were visiting the red box that contained the honey
that it was impossible to count them. Frequently bees would
enter the empty red box, but they would not tarry long.

EXPERIMENT 29.—In the open space between the experiment weed
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and the hive, I arranged, on poles, about ten centimelers apart, three
red boxes containing honey, one emply red box and one empty green
box. The arrangement of the boxes in the group was altered once in
ten minutes.

These boxes were under continuous observation for about an
hour. Immediately the bees began to visit the boxes that con-
tained honey in such large numbers that it was impossible to
count them. Occasionally a bee would enter the empty red box
and frequently they would hover in front of the entrance to its
tray. No bee entered the green box, although occasionally a
bee would alight on its top and pause long enough to clean
its legs on an edge of it, and frequently one would pause a
moment before some portion of the box. Whenever the honey
was exhausted from one of the trays, the number of visitors would
drop off. Seldom would a bee pass through the entrance; fre-
quently one would hover momentarily before the door and then
pass on. Assoon as | had replenished the honey, the bees would
begin to revisit it.

EXPERIMENT 30.—After the above experiment had been under
way for an hour, all of the boxes were removed from the field, except
the empty red and the empty green box of experiment 29.

Immediately the bees began toenter the red box more frequently
than they had hitherto; as soon as one got well inside, it would
leave. After a lapse of a few minutes, the bees began to rush
for the entrance in such large numbers that those that had en-
tered and wanted to leave could not do so without a struggle.
As a result the tray and the portico were crowded with struggling
bees, and numerous others were hovering about the entrance,
seeking admittance.

At first no bees entered the green box, although many circled
about it. After a lapse of ten minutes a few began to enter.
During the period of observation, ten were noticed to enter it
and leave immediately, and about twice that number were noticed
to alight in the portico.

EXPERIMENT 31.—Standing about three feet from the above boxes,
I held, in my hand, a red box containing honey.

Immediately a few bees approached and entered the box. 1
held the box in my hand for about five minutes. Throughout
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that period there were from one to four bees inside of the box
all the time.

EXPERIMENT 32.—Standing in the same place mentioned in ex-
periment 31, I held an empty red box in my hand. This box had
never contained honey.

Several bees approached and hovered around the box, and two

entered.
INTERPRETATION OF THE EXPERIMENTS.

Vision or smell or some combination of the two are instrumental
in guiding insects to flowers. Lately some observers have sug-
gested that vision plays no part in this behavior; indeed, it is
claimed that it is not even olfactory perceptions, but odors acting
reflexly that lead insects to flowers. No one who has made
observations for himself would think of claiming that smell plays
no role in insect behavior; but, the experiments described above
show conclusively that odors, acting reflexly, do not lead bees
to flowers. In localities where bees are not accustomed to obtain
honey from anything but flowers, honey may be placed on small
discs (Ex. 1, 17), or in open vessels (Ex. 20-4 and B, 27) and
left exposed for a long time without being responded to by the
bees. Bees, captured in bottles and turned loose upon discs that
are well supplied with honey, will usually depart without paying
any attention to the honey (Ex. 2). If a flower upon which
such a bee is foraging is so manipulated as to bring the bee in
close proximity to the honey of one of those discs, she will usually
depart without responding to either the honey or the disc (Ex.
3,4). Itisincredible that an odor of honey too weak to attract
bees a few millimeters off is able to entice them from several
meters in the air. Then, too, each of my discs contained more than
a thousand times as much honey as any one of those flowers
did nectar, and the cornucopias that I used contained more than
the discs; vet the bees passed by the feast of honey prepared
for them to sip the meager supply of nectar stored in the neighbor-
ing small flowers. Such behavior would be impossible if their
movements were controlled by the honey-odor acting reflexly.
To claim that the nectar of the flower has a greater attractive
power than the honey would be illogical for: 1st, honey is con-
centrated nectar; and 2nd, these same bees, after they have
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learned to collect honey from objects other than flowers, will
visit such objects as soon as they are attached to the support
(Ex. 8, 19), at times they will even enter them while they are
being attached to the support (Ex. 28), or they may even enter
such an object while held in the hand (Ex. 31, 32).

If a set of bees has become accustomed to collect honey
from artifacts, and paper discs, arranged in pairs of one red
and one blue (or discs of any other two colors) are scattered on
weeds or placed on weed-high rods, and honey is placed on the
discs of one color and none placed on those of the other color,
the bees will make regular visits to the color that bears the honey,
but will not so respond to the other color (Ex. 8, 9, 10, 11). If
these experiments are repeated, using cornucopias (Ex. 19) or
boxes with small openings (Ex. 29) in place of the discs, the
results will be the same. If bees have become accustomed to col-
lect honey from an artifact of a certain color, and empty artifacts
of the same kind and color are placed along side of those that
contain honey, many of the bees will enter those artifacts that
never have contained honey; empty artifacts of a different color
are not responded to in that manner (Ex. 23, 24, 28, 29). After
bees have, for a long time, been collecting honey from artifacts
of a certain color, if all the artifacts be removed from the field
except two that never have contained honey, but one of which
is the color of the artifacts from which the bees have been col-
lecting honey, numerous bees will flock into the empty artifact
of the same color as those from which the bees have been foraging;
but none, or nearly none, will visit the other artifact (Ex. 25, 30).
When bees have become accustomed to collecting honey from other
sources than flowers, if receptacles of two different colors are
placed on a bush, all of one color containing honey and all of
the other color being empty, and if, after the bees have been busy
for a long time, honey is placed in one of the artifacts of the color
that has been empty all along, it will remain on the bush some
time before it will be visited by any bees (Ex. 12, 13, 21, 22).
All of the facts recorded in this paragraph indicate that the be-
havior of foraging bees is influenced by colors.

That these bees not only respond to colors, but that they are
capable of recognizing them at a distance is evidenced by the
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following facts : (1) If, in an open space between their hive and
a number of artifacts from which the bees are collecting honey,
you place an artifact of the same kind and color and supply it
with honey, it will be visited by bees almost immediately (Ex. 18,
29). (2) When bees are collecting honey from red artifacts situ-
ated in two different stations, one of which is much nearer the
hive than the other and beneath the line of flight of the bees
collecting from the more distant station, if all of the artifacts
are removed from the more distant station, immediately the
number of visitors to the other station is much increased (Ex.
18). This was the case even when the artifact in the nearer
station did not contain honey (Ex. 30). Empty artifacts of
another color than the honey-bearing color were not responded
to in this manner (Ex. 30.).

On leaving one of these artifacts the bee usually made an
orienting flight. On the first few visits this was thoroughly done.
Facing the artifact and keeping about one centimeter from its
surface, she would sidle, in a zigzag line, around the structure
two or more times and occasionally reénter it one or more times.
Then she would describe one or more spirals, pausing at certain
places in the environment as though examining landmarks. In
some of the cases 1 was, apparently, one of the objects thus
scrutinized. In harmony with her other behavior, it seems plaus-
bile to interpret this as an act by which memory pictures of the
environment are formed.

How minute are the details that bees observe I am not pre-
pared to say; but that they do observe details is indicated by the
following observations. (1) In the boxes used in the experiments
of Series IV., the trays of the boxes used were entered, from the
portico, by means of an eccentric opening. In most of the boxes
this doorway was rectangular, in others it was circular. When
a bee first approached one of these boxes, she had to search for
the entrance. After a few trips she would land on the portico
directly in front of the entrance, and, in some cases, she would
fly into the tray without even pausing on the portico. (2) For
about an hour bees had been collecting honey from some red
artifacts. It seemed that nearly all of the bees that visited that
part of the field were collecting from those artifacts. Alongside
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one of the red boxes I placed a red box on the sides and top of
which I had pasted bits of white paper. This gave a box with
red front and spotted sides. Into this box I placed some honey.
The bees that approached this box from the front always entered
immediately; the majority of those that approached the sides
paused a moment, then went to the nearest red box.

Whether this is a true color vision or simply a greyness dis-
crimination is no easy question to answer; indeed, from our view-
point, it does not seem an important one. If what to us is red
and green appears to the bees as two distinct sensations, as a
factor for controlling behavior, it will have the same value to
the bee whether it is a red-green discrimination or a grey-grey
discrimination. However, the following line of reasoning has
led me to believe this a case of true color-vision. Bees that had
learned to respond to red boxes in the shadow of the weeds would
respond, without hesitation, to similar boxes placed in the sun-
shine. They responded to the boxes when the sun was shining
brightly just as readily as they did when a dark cloud hid the
face of the sun. The brightness content of a body in the bright
sunlight is quite unlike the brightness content of the same body
when in the shadow of weeds; the brightness content of a body
in the sunshine is quite unlike the brightness content of the
same body beneath a cloudy sky. The only factor common to
all of these cases is redness; hence I feel that, with the bees, it
is a case of true color vision.

Although odor as a incitive to reflex actions does not play any
part in leading bees to flowers, yet odor as a sensation does. If
a large number of bees are collecting honey from a cluster of
boxes that are all of the same color and you allow the honey of
some of those boxes to become practically exhausted while that
in the others is constantly replenished, when the workers ap-
proach the boxes that are practically exhausted, they, as a rule,
do not pass inside; but, pausing momentarily before the box,
pass on to one of those with an abundant store of honey. Re-
plenish the empty tray with honey, and the next bee that ap-
proaches that box will enter (Ex. 29). This, to my mind, shows
that when a bee approaches a box and finds the honey-odor weak
she immediately departs for a box where the honey-odor is
stronger.
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These experiments prove that, to the bee, my colored discs,
my colored cornucopias, and my colored boxes were something
more than mere sensations; it seems to me that they were true
percepts. To the bees those things had acquired a meaning;
those strange red things had come to mean ‘‘honey-bearers,"
and those strange green things and strange blue things had come
to mean ‘‘not-honey-bearers.”” Hence, whenever the bees saw
the red things, they made the appropriate movements for securing
the honey, and when they saw the blue things or the green things
they passed on. This explains why, in the experiments of series
one, discs six centimeters in diameter and well supplied with
honey could remain in the presence of hundreds of bees without
being responded to by them; and yet, those same bees, a few
days later, when those things had acquired a meaning, would
enter my red boxes even before I had had an opportunity to
attach them to their supports. In their past experience those
things had never acquired a meaning, while the small blossoms
of the melilotus had come to mean “‘honey-bearers’; hence they
hastened by the feast that had been prepared for them and rushed
for the meager supply of nectar in the blossoms of the white
sweet clover.

Although Plateau's conclusions are diametrically opposed to
the results of this series of investigations, yet the facts related
by him are in accord with them.

While proving that bees have color-vision, these experiments
throw no light upon the color preferences of insects. That has
not been the purpose of these researches. The aim has been to
answer the question, Can bees distinguish colors? The experi-
ments seem to demonstrate that foraging bees have percepts and
that two factors which enter into those percepts are color sensa-
tions and olfactory sensations.

SumMmeEr HiGH Scuaoor, St. Louls, Mo.,
July 18, 1910.
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