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Scientists . . . need to explain what is being 
done and why, ensuring that conflicts of 
interest are revealed, and that it is clear 
what knowledge is secure and what is not. 
[my emphasis]
(Sir Paul Nurse, Anniversary Address, 2015)

We expect to see colours everywhere, and 
use them to distinguish, for example, ripe 
fruit. Not to see colours as constant would 
be very worrying, but we depend also on a 
peculiar property of human colour vision. 
White or coloured surfaces or lamps do not 
change colour with changes of intensity 
over many orders of magnitude: for example, 
from moonlight to bright sunlight (a factor 
of 107). A neutral filter is said to be neutral 
because it absorbs some of the light but 
leaves constant the composition of the light, 
as humans perceive it.

Bees have excellent eyes, as anyone can 
infer when watching them forage. Through-
out the 19th century, a number of competent 
scientists used coloured and neutral grey 
filters to test whether bees had colour vision 
(Forel, 1908; von Hess, 1912). They were aware 
that people who were totally colour-blind 
could distinguish between two colours by their 
relative brightness. They used the attraction 
of insects to light, called phototaxis, and 
found that bees walking out of a dark box 
preferred blue when the test colours  appeared 

equally bright, but the bees’ preference 
could be shifted away from blue when other 
colours were simply made brighter. Bees 
obviously confused colours with brightness 
in a way that was no different from colour- 
blind people. This seemed a straightforward 
demonstration that bees did not have true 
colour vision.

A young boy, John Lubbock (later Sir 
John, later Baron Avebury, MP for Westmin-
ster), who lived next door to Charles Darwin, 
was urged by the old scientist to observe 
 nature and experiment, when he left Eton 
School to join his father’s London bank. 
From 1874 onwards, John published his 
 observations on ants, bees and wasps. He 
found that bees have an order for spontan-
eous preference: blue, then white, yellow, 
green and orange, while red was generally 
the least preferred. At the time, no one rec-
ognized that, apart from yellow, this was a 
rough scale of diminishing content of blue. 
He found that hungry bees could learn 
which of several colours indicated honey 
(Lubbock, 1881). He understood that ob-
serving bees on flowers told one very little. 
To discover what bees actually detected, it 
was essential to train them on a target, or 
discriminate between two targets, then test 
them. The essential technique was to move 
the colour and the reward with it while the 
training was in progress, so that the bees 
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 became accustomed to search for the colour 
in several places. Then, in subsequent tests 
with other colours, they made an effort to 
search; in fact, they were trained to search. 
For the first time, it was noticed that they 
took a much longer time to learn, because 
they could no longer use the fixed local 
landmarks or odours to head straight to the 
reward. Lubbock’s popular books reinforced 
the view that bees distinguish colours like 
humans do, but that was not the academic 
opinion at the time.

In 1912, Carl von Hess, Professor of 
Ophthalmology at Münich University and 
Director of the Münich Eye Clinic, pub-
lished a well-researched book on the com-
parative physiology of vision. As a result, 
he was regarded as a sound authority on the 
whole topic. He had newly arrived from 
Würzburg, a powerful professor at the height 
of his powers, which meant a lot in a Ger-
man university at that time. For some years, 
at the Naples Marine Laboratory, he had col-
lected data on a variety of animals, including 
fish. There his findings had been challenged 
by a young assistant called Karl von Frisch. 
Hess had shown that several species were 
colour-blind in the phototaxis response. 
Octopus and other cephalopods reacted 
similarly in his apparatus. They went to the 
brightest place irrespective of colour.

In his book, as a true scientist, Hess 
began his account of honeybee vision with 
his own phototaxis experiments in which 
freely flying or walking bees could choose 
between two compartments with coloured 
lamps of controlled brightness. With col-
ours of similar intensity, he validated the 
earlier demonstrations that bees in a dark 
box preferred blue, but on increasing the 
brightness they could change their prefer-
ence to another colour. Later, Hess showed 
that in the escape response bees are attracted 
to ultraviolet (UV), which was a signpost to 
the escape route to the sky. Later still, Men-
zel and Greggers (1985) showed that when 
bees move out of darkness, they detect the 
total photon capture including green recep-
tors. Therefore, total summation of recep-
tors is possible, as well as specific attraction 
to UV, in the escape response and in the 
righting response, which is a directional 

 response to UV that keeps them in level 
flight. This shows how easily we may be 
confused, even before we have reached the 
foraging behaviour.

In his book, Hess discussed much of the 
vast amount of information collected in the 
19th century about visits of bees to flowers, 
and questioned the universal belief that 
they distinguished flower colours. All ob-
servations were about successes of the bees, 
so any reasonable theory of how they suc-
ceeded would have fitted the evidence. In 
all this mass of data on foraging, even by 
John Lubbock, there were no studies where 
colour and brightness were separately 
tested with foraging bees.

Hess, however, found more secure evi-
dence, which modern authors usually fail to 
quote. Between 1885 and 1906, in a long ser-
ies of experiments with coloured artificial 
flowers, Felix Plateau, Professor of  Zoology 
at Ghent University and a son of the famous 
mathematician, found that shapes or colours 
of artificial flowers could be changed with 
little effect, and were not critical for the bees 
to find the reward. Plateau concluded that 
bees used odour, not colour, as the cue (Plat-
eau, 1885–1899; cited in Forel, 1908).

Auguste Forel, a medical professor and 
entomologist at Zürich, heavily criticized 
Plateau. Forel found that odours or vision 
were not essential guides, but the bees used 
surrounding landmarks that included 
flowers. The odours, colours and shapes of 
flowers were cues only in so far as they were 
consistent parts of the scene. Forel used Pro-
fessor Plateau’s own data as evidence against 
his conclusions. There is no better way to 
demonstrate the weakness of an intuitive 
leap from the safe ground of data to an appar-
ently obvious but incorrect conclusion. After 
50 pages of fierce criticisms, Forel  accepted 
Plateau’s data but not the false  conclusions.

Hess must be given credit for quoting in 
his book a suggestion by Forel that bees 
should be trained to go to a colour, and then 
tested with that colour versus other colours 
and against various shades of grey. The cri-
terion was still based on performance and 
inspired by human vision. In fact, whether 
or not bees could distinguish colours from 
grey would not reveal much about bee 
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 vision; because they could not detect grey. 
However, this experiment had to wait.

In 1898, Albrecht Bethe, Professor of 
Physiology at the University of Strasbourg, 
showed that bees apparently did not recog-
nize even familiar objects such as their hive, 
or a tree, as separate things. In fact, for cen-
turies beekeepers had known that the bees 
did not recognize their own hive if it was 
moved only a metre sideways, whatever its 
colour. The fact that these distinguished 
professors experimented and argued for 
years should add some support for their 
main conclusion that the bees did not see 
the shapes or colours of flowers in the way 
that humans do. Hess also reviewed this re-
search and concluded in his book that essen-
tial evidence for colour vision of bees was 
lacking. Later reviewers, if they mentioned 
Hess at all, said incorrectly that he referred 
only to the attraction to coloured lights.

We now know that bees are not inter-
ested in the shapes or colours of flowers or 
of any other thing. They learn a few land-
marks that bring them to the place where 
they find nectar or sugar solution. If the ex-
periment involved a change in flower col-
our or shape, they scarcely noticed, as 
Plateau found, but if their familiar land-
marks were moved or hidden, they went 
away and looked elsewhere, making it diffi-
cult to discover what they had learned.

Too late to be in the book by Hess, Lov-
ell (1910) showed that bees discriminated 
between colours irrespective of the inten-
sity of illumination, and they could also 
learn to avoid a particular colour. Also in 
the USA, a remarkable Chicago school-
master, Charles Turner (1910) displayed a 
colour or pattern on the outside of a small 
box with a reward of sugar inside, and a dif-
ferent colour or pattern on a similar box 
with no reward. He changed the positions of 
the boxes at intervals to make the bees 
examine them irrespective of the exact 
place. The bees learned to look for the boxes 
and ignore the local landmarks. This experi-
mental strategy made possible all the subse-
quent discoveries about bee vision of pattern 
and colour.

On the other hand, bees rewarded at 
a fixed place learned the local landmarks 

after a single reward. On their return they 
never made an error, but they did not reveal 
what they had learned because, when they 
were given unfamiliar tests, they went away 
or simply started to learn the landmarks 
afresh. Bees had to be trained to search be-
fore they could be tested with a variety of 
unfamiliar targets.

In his book, Hess did not distinguish 
clearly between results from foraging bees 
and those from bees in the phototactic re-
sponse. At the time, there was no clear 
understanding that a bee could distinguish 
colours in one kind of behaviour but be 
colour-blind in another situation. This was 
the missing thought that could have helped 
to distinguish different strands in the data.

Karl von Frisch (1886–1982) was from 
an intellectual family based in Vienna in the 
Austro-Hungarian Empire. His maternal 
grandparents were Jewish converts to Cath-
olicism. This generation of professors, Bethe, 
Chun, Anton Dohrn, Eimer, the Exners, 
Goldschmidt, Haeckel, von Uexküll, and 
Oscar and Richard Hertwig, left a huge leg-
acy of wonderfully accurate descriptions of 
the anatomy and physiology of inverte-
brates, often based on research in Naples, 
bringing Mediterranean fauna into European 
classical zoology.

Young Karl was appointed by a rela-
tive, Professor Richard Hertwig, as an as-
sistant in the Zoology Department in the 
University of Münich in 1910 at the age of 
24. Like Hess, he had investigated the col-
our vision of fish at the Naples Marine La-
boratory, but he trained fish to come to a 
coloured target and then, as in the test for 
defects in human colour vision, he tested 
them with various shades of grey papers, 
finding that they distinguished the colour. 
Also at Naples, Hess found by the photo-
taxis method that they were colour-blind 
(not necessarily the same species). At the 
time, no one guessed that two different 
kinds of vision of colour could exist in one 
animal. From that time on, they were fierce 
antagonists: Frisch even visited Naples in 
1913 just to prove that cephalopods have 
colour vision, and contradict von Hess, but 
he failed in that effort, and never mentioned 
it again (Dröscher, 2016).
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The conclusion by Hess, that bees do 
not have colour vision like humans, obvi-
ously stimulated Frisch to disprove the se-
nior professor, a strategy that gives a young 
man a good start. He was able to use the fam-
ily holiday chalet at the idyllic village of 
Brunnwinkl in the Austrian Alps for his own 
work, training bees and fish, then testing 
their senses. Several members of his family, 
including his uncles Sigmund (Physiology) 
and Karl Exner (Physics), both professors at 
Vienna, helped as his assistants there. Work-
ing through three successive summers, he 
was able to collect a vast amount of data by 
counting arrivals of trained bees at black or 
grey feeding tables. Almost certainly he 
knew of the work on colour vision of bees by 
Turner and by Lovell, and cited the book by 
Lubbock. He quickly adapted the techniques 
used by Hess and Turner (with a reference to 
them) and started a long series of tests on 
trained bees with his own unique method 
developed for fish, which for some strange 
reason, has never been repeated, even by his 
own students.

Von Frisch trained bees for several days 
to come to a single coloured paper laid flat 
on a table in sunlight and then tested with it 
placed on a panel of 15 grey papers (Fig. 1.1B). 
It was a crucial choice of experimental ar-
rangement. If Frisch had trained bees to dis-
criminate between two colours and then 
tested with all colours and grey levels separ-
ately, he would have immediately revealed 
a lack of colour vision of the human type.

In 1914, it seemed obvious that the test 
for colour vision with a colour versus all 
grey levels would prove or disprove colour 
vision, but that was a test for defects in the 
colour vision of man. It was just bad luck 
that the bees distinguished green contrasts 
at edges and measured the average blue con-
tent of areas of grey.

From the start, Frisch was absolutely 
convinced that bees trained on a certain col-
our distinguish the training colour from other 
colours, as research of others had shown:

Dass sich die Insekten an gewisse Farben 
gewöhnen, auf sie ‘dressieren’ lassen und 
sie von anderen farben zu unterscheiden 

15 cm6 cm

(A) (B)

Fig. 1.1. Test patterns. (A) Hess trained 
bees on yellow or blue squares and tested 
with the same, or a succession of colours. 
(B) Von Frisch trained bees on a single 
coloured paper, and tested on an array of 
grey levels with the colour added.
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vermögen, darüber kann nach den 
Versuchen von Lubbock, Forel, Lovell, etc., 
kein Zweifel herrschen. [After the works of 
Lubbock, etc., there is no doubt that insects 
can distinguish colours from other colours.]

(von Frisch, 1914)

Actually, he quoted earlier authors knowing 
that they had not done the tests with grey 
levels that he considered essential. He ar-
gued that if bees are colour-blind there is 
always at least one shade of grey that they 
confuse with any particular colour. So, if 
bees are trained to go to a coloured paper, 
they should be able to find it among a selec-
tion of similar papers of all shades of grey.

In the first summer, 1912, Frisch started 
with two rewarded yellow papers (15 × 20 cm 
wide) laid flat on a black table in sunlight. 
Marked bees collected the sugar solution or 
honey, then left when it was all gone, but 
returned very quickly to exactly the same 
place when the reward was renewed.

When the yellow paper was placed on 
an array of 15 grey papers, trained bees had 
no difficulty in flying directly to yellow, even 
though the sugar solution was odourless He 
regularly took clean papers and dishes, shuf-
fled the arrangement of the grey papers, and 
even tried to deflect them with the odour of 
honey, but bees are attracted to honey only 
when they have been alerted and are search-
ing for it. He noted that bees were attracted to 
the edges of yellow paper but he never made 
use of this observation. With blue paper, it 
was even easier to train the bees.

In his final and most successful method, 
Frisch trained for up to 5 days with the re-
warded colour under a glass cover (to pre-
vent odour detection) with a reward of sugar 
solution in a small watch glass placed over 
the rewarded colour. In the tests, he had 15 
different unrewarded papers (15 × 15 cm) 
selected from a grey scale from white to 
black. He made a four-by-four display of pa-
pers in the shape of a square, laid flat on a 
black table and covered by a glass plate. He, 
then tested the batch of trained bees with 
the colour placed on the scale of 15 grey 
levels alone or with grey levels mixed with 
various colours, to test whether the training 
colour could be discriminated from all grey 

levels. All the papers were from commer-
cially available series that were accurately 
reproduced.

Bees could certainly be trained to recog-
nize rewarded yellow or blue papers when 
placed on the array of 15 grey papers, but 
there were interesting unexplained anomal-
ies. The most serious was that bees trained 
on mid-grey and tested on the whole grey 
series landed indiscriminately, as if they 
could not distinguish the grey level  except at 
the extreme ends of the scale; let me repeat, 
trained on mid-grey, they could not return to 
land on mid-grey (Fig. 1.2A). Frisch had no 
explanation; he gave up training on the grey 
level series and turned to training on one 
colour mixed with various grey levels.

When trained on blue-green (Fig. 1.2B), 
they landed on number 6 in the grey series 
twice as often as on the blue-green paper 
(650 times compared with 306). Trained on 
green (Fig. 1.2C), they landed on black or 
mid-greys.

Frisch also worked through a range of 
14 colours from the standard Hering series 
plus two of his own, grass green and chloro-
phyll, and published 124 tables of data 
(Fig. 1.2). He found that yellows and blues at 
each end of the series were easily distin-
guished from grey levels but was clearly con-
cerned about green because he used five 
different types of green in attempts to demon-
strate good discrimination. Bees trained on 
grass green preferred yellow and red (Fig. 1.2D) 
but he had no explanation. He repeated the 
conclusion that ‘blue-green was perceived by 
the bees like medium grey, and they could 
not discriminate it from other colours’:

Es wurde schon erwähnt, dass die auf 
blaugrüne Papiere (No 10 und No 11) 
dressierten Bienen die Dressurfarbe aus der 
Grauserie nicht herausfanden. Auch wenn 
ihnen die Farbenserie vorgelegt wurde, 
schwärmten sie gänzlich ziellos über der 
Papieren her. [Bees trained on 
blue-green paper cannot find the training 
colour in the grey series. Also when tested 
with the colour series, they go aimlessly 
everywhere.]

(von Frisch, 1914)

This clearly contradicts his main conclusion.
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An explanation for his successes is that 
most colours differ from grey in the meas-
ures of blue content and green contrast at 
the edges. When trained on black and tested 
with the grey series, bees went to black, but 
when tested on the colour series or the grey 
series with addition of blue, they went to 
blue. After 6 days training on blue-green 
they had a poor score and responded best to 
mid-grey.

Trained on blue or purple, the tested 
bees went to blue or purple. When trained 
on yellow versus mid-grey for 6 days, most 
selected yellow when tested, but when re-
peated, half went to yellow and half to 
black; but in another repeat most went to 
green, and those trained on the grey series 
alone went to black (Fig. 1.3). So yellow 
looked like black, but not every time. When 
trained on white, they went to white. To the 

trained bees, yellow-green and blue-green 
were equivalent to mid-grey. Again Frisch 
had no explanation. He gave up this type of 
experiment and turned to training on one 
colour among a mix of colours and grey 
levels, and testing on a range of colours 
(where the colours all had different levels of 
blue content).

Large numbers of bees were counted; 
precautions against obvious possible errors 
were taken, and most of the scores look reli-
able. Credit should be given to Frisch for his 
honesty in presenting results that enable us 
to disprove his conclusions with his own 
data. Little did he realize that his anomal-
ous results were exactly as predicted by a 
different theory. As will be seen, these 
anomalies were missed by later researchers, 
were never explained, and soon forgotten. 
Looking now at the data, it is surprising that 
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his final conclusion was ever accepted, but 
clearly he was absolutely convinced of the 
correctness of his conclusions, although 
somehow his long paper never appeared in 
translation.

Now go forward in time to the excel-
lent, and representative, textbook by Gould 
(1982). I quote ‘if they saw the world in 
black and white, they would confuse at least 
one of the shades of grey with the colored 
sheets. The bees scored on exclusively the 
coloured papers’. After 1918, all textbooks 
were orthodox and said much the same.

Move forward again to an anniversary 
volume for Frisch, and we find similarly ‘if 
bees were only using an achromatic mech-
anism’, etc. ‘However, the bees reliably 
chose the colored stimulus among many 
shades of grey’ (Dyer and Arikawa, 2014). It 
is the duty of authors to check the main con-
clusions of their sources, but at that time no 
one suspected anything was wrong.

We now know that the failure in tests to 
recognize the green-blue or mid-grey level 

was because the bees could not separate dif-
ferent grey levels presented together in the 
four-by-four array. They took a measure of 
the average level of blue content measured 
across the whole array, and this average was 
the same as that in the mid-grey, or the 
blue-green. They measured the total green 
modulation in the array. Unknowingly, 
Frisch made two false assumptions. First, 
he believed that bees could see grey levels 
and secondly, to save time, he presented 
grey levels in one array. Bees have receptors 
for green-blue and UV, but none for grey or 
white. As shown later, bees detect total blue 
in the whole display as a single colour (ac-
tually a measure of the blue content), and 
they detect green or blue contrast at edges.

In later work, Frisch frequently used 
blue for his rewarded colour, so the bees 
used their innate preference to fly towards 
blue, and omitted the process of search by 
trial and error. Also, he assumed that the 
bees learned the colour that was rewarded, 
and he made no controls or tests about that. 
He was not aware that white looked bluer 
than blue to the bees, that they learned to 
avoid the unrewarded papers, and relied on 
green receptor contrast at edges. Of course, 
the bees could distinguish other pairs of 
colours if given targets that contained dif-
ferent amounts of blue colour, and all col-
ours contain some blue. Yellow, for example, 
has 12% of the blue content of white paper. 
Although a theory of trichromatic vision 
had been suggested for man by Maxwell in 
1855, Frisch had no way of knowing that 
the bees had only green, blue and UV recep-
tors. More importantly, he had no idea that 
they might have an entirely new kind of 
 colour vision.

In 1914, before the results were pub-
lished, Frisch took his bees to the 24th Zoo-
logical Congress in Freiburg, which was 
open to the public, well publicized and re-
ported in the press. The burghers all turned 
up expecting to find support for the colour 
vision that Hess had denied. A feeding plate 
was put down with several different grey 
papers and a blue paper. The travelling hive 
was opened, whereupon the bees descended 
in a swarm on anything blue, like hatbands, 
cravats and buttonholes among the audience, 
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who were absolutely convinced about their 
colour vision, with little thought for the es-
sential controls. Uncritical popular enthusi-
asm clearly hastened the acceptance of his 
ideas, and professors from Vienna and Münich 
added weighty support. After all, they had 
contributed some of the data. Later, Frisch 
admitted that he had been training these 
hungry bees for weeks to go to a blue re-
ward. None bothered to mention Forel or 
Hess, or that bees preferred blue anyway.

There were no referees, but Hess was 
quick to point out that Frisch’s bees could 
have discriminated by local comparison of 
brightness and previous knowledge of de-
tail in the way that a colour-blind person 
would, and that there was no control against 
the bees marking the training target with an 
odour cue from their Nasonov gland. The 
UV reflectance of the coloured papers was 
also questioned, but these objections were 
weak or invalid. The press and the public 
were already convinced.

In response to Frisch, Hess (1918) set up 
a significantly different training arrangement, 
with eight blue squares and eight yellow 
squares arranged in a four-by-four chequer-
board (Fig. 1A). He trained on several blue 
squares, or alternately on yellow squares, and 
then tested on other colours, black or white, 
with no reward in the tests. He found that 
bees trained for 8 days on grey or blue paper 
would immediately go to blue paper that they 
had not seen before. Bees trained on yellow 
versus grey, and then tested with a variety of 
colours appeared to have learned nothing. 
Hess also trained bees continuously for 
6 weeks on yellow squares versus blue, then 
found that they could not distinguish yellow 
from other colours or grey. His experiments 
seemed to disprove Frisch, but in fact could 
not, because he did not test what the bees 
 detected in each training. Of course, his test 
showed that the bees had not learned the yel-
low colour as the cue, but he did not realize 
that they had learned to avoid the unrewarded 
blue, or use a different cue altogether, such as 
contrast at edges. Their positive responses in 
tests with other colours appeared very strange, 
because everyone believed the bees were con-
ditioned to the reward on yellow, forgetting 
the possibility of learning by trial and error 

to avoid the unrewarded colour. Hess was 
 obviously very stressed by his data:

Aus meinen eigenen einschlägigen  
Versuchen, die ich in grősserem Umfange 
durch viele monate fortfűhrte, sei hier nur 
erwähnt, dass Bienen, die ich 6 wochenlang 
täglich ununterbrochen auf Gelb ‘dressiert’ 
hat, als ich ihnen unter einer reinen Glasplatte 
farbige Flächcharen auf Blau, Purpur und 
Schwarz flogen, während dicht daneben 
liegende gelbe Felder nicht besucht wurden.

(von Hess, 1918)

Hess pointed out that ‘bees trained to go to 
yellow versus blue would not later recog-
nize yellow’, a point that was ignored and 
later suppressed by von Frisch and his stu-
dents for nearly a century.

Frisch and Hess had been enemies since 
the days when they obtained opposite re-
sults with fish colour vision in Naples. 
Supercilious criticism by Hess, and the blaz-
ing certainty of the youthful Frisch made 
collaboration impossible; lack of a useful 
philosophy of science made them powerless 
to think constructively.

Neither of them understood their own 
results or repeated the experiments of the 
other. Frisch found that bees trained on yel-
low on a background of mixed grey levels 
would go to black, dark grey or yellow. Hess 
found that bees trained on yellow on his 
chequerboard of yellow and blue would go 
to any colour. When trained on yellow, 
Frisch bees went to the black end of the grey 
series, while Hess bees learned only to 
avoid blue, and were lost when tested with 
a variety of colours. If only they had agreed 
to discuss their results constructively, they 
might have concluded that yellow looked 
like dark grey or black to bees.

If you reach chapters in this book on 
the mechanism of bee colour vision, you 
will realize that they were both partially 
correct. Unfortunately, neither used a method 
that would demonstrate what the bees actu-
ally detected. To do that, it is essential to 
test trained bees until all inputs have been 
identified. Actually, both authors clearly 
demonstrated that there was something 
very peculiar about honeybee colour vision, 
but they could not identify it.
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As a senior professor of ophthalmology, 
Carl von Hess must have known more 
about colour vision, and tests for it, than 
most scientists in Europe. His objections to 
Frisch’s conclusion deserved serious con-
sideration. Hess had done a good many ex-
periments, which appeared to be properly 
recorded, so there should have been a re-
investigation to find what the bees had actu-
ally detected. However, the topic became 
taboo.

Frisch wrote raging illogical rejoinders 
in the public press. They were not liked 
by anybody, especially his influential zoo-
logical relatives, the Hertwig and Exner 
families. He had no scientific authority at 
that time. His complaints were weak and 
now bounce back upon him:

Ich protestieere gegen diese in der 
 Wissenschaft nicht ühliche Methode der 
Polemik, und ich kann verlangen, dass 
v. Hess so wegwerfende Redensarten, 
wie sie namenlich in seinen letzten 
 Publikationen auf Kosten einer sachlichen 
Kritik meiner Versuche überhandnehmen, 
entweder im einzelnen begründet oder 
unterlässt. [I protest against the unscholarly 
methods of argument, the wandering logic 
and underhand methods; Hess should shut 
up or put up.]

(von Frisch, 1914)

No doubt they were well matched in argu-
ment, but the quality of thought left much to 
be desired.

Considering the superior position of a 
Münich medical professor in 1914 relative 
to a junior assistant in the Zoology Depart-
ment, most of the excitement had little to do 
with the science, but the excitement gave 
the young Frisch a great reputation and 
early promotion to professor, although he 
was quickly banished to Rostock, a place 
far away by the Baltic. No doubt Hess con-
tinued to teach the contents of his own book 
in Münich, but he was written out of history.

In the anniversary volume for von Frisch, 
we find:

Hess’s mistake was to consider phototactic 
responses, which are exclusively mediated 
by light intensity, as a proof of general color 
blindness in bees. On the contrary, von 
Frisch adopted a different scenario, and 

focused on appetitive foraging responses. . . .  
The result is meanwhile well known; bees 
always chose the color associated with 
sucrose and never confused that color with 
an achromatic cardboard.

(Avarguès-Weber and Giurfa, 2014)

These authors, and everybody else, honestly 
believed what they had been taught.

After the death of Hess in 1923, Frisch 
quickly returned to a favourable position in 
Münich Zoology Department, and later be-
came the dominant professor on bee behav-
iour in Europe. In this bitter and acrimonious 
dispute, he eventually prevailed because 
only his work was quoted in the biological 
literature. As Founder and Editor of the 
principal journal, with no tradition of refer-
ees, Frisch was able to steer this branch of 
science and control many academic posi-
tions in this area, even long after his retire-
ment. Several men who disagreed with him, 
Wolf, Jander and Esch were obliged to leave 
Germany to get a university appointment in 
the USA.

A few further experiments by Frisch 
were intended to demonstrate colour vision 
or patterns (Fig. 1.4) but it is more likely 
that the bees detected differences in blue 
content and modulation (length of edge 
multiplied by the contrast at each edge).

It is very interesting that Frisch never 
worked on colour vision again. My own 
view is that he was surprised by the re-
sounding success at the Freiburg Congress, 
and kept his doubts to himself. Among later 
students were a few young men, notably 
Baumgärtner, and later Daumer and von 
Helversen, who made a thesis and published 
a paper on bee vision of colour with new re-
sults that did not compete with von Frisch, 
but they all appear to have abandoned a 
promising topic. Publications of young women 
who worked on bee vision up to 1939, Hertz, 
Lotmar, Friedlaender, Wiechert and Zer-
rahn, all contain anomalous data and doubts 
about the accepted ideas. Subsequently, 
however, following the demonstration of three 
types of photoreceptor (Autrum and von 
Zwehl, 1964), the idea of trichromatic col-
our vision was accepted without question. 
There were always cracks in the argument, 
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mainly because insect vision is adapted to 
detect edges but colour vision must be based 
on areas.

In all the above, effort was always on 
the performance (i.e. whether the bees 
could do the task) with little attention to 
what the bees had detected and learned. 
Successful performances could never prove 
anything rigorously, but the popular as-
sumption of colour vision was now justified 
by being in the scientific literature. Hess 
had some satisfaction in validating that 
phototaxis in the bee was UV sensitive and 
colour-blind, which was the first indication 
of different inputs for different visual re-
sponses.

In his biographical memoir of Frisch, 
Bill Thorpe (1983) mentions that ‘Hess 
would not even consider Karl’s evidence, 
which in fact was conclusive, but tried to 

smother him with the great weight of his 
scientific authority’. In my opinion that was 
incorrect: as shown above and by later dis-
coveries, none of the evidence was conclu-
sive. Thorpe had not read the papers 
carefully, but repeated what Frisch had said 
in conversation with him years later at 
Brunnwinkl.

However, unfortunately for the ad-
vance of science, Hess died in 1923, and 
only the work of Frisch was quoted there-
after. I say ‘unfortunately’ because Frisch’s 
bees were usually successful in the tests, 
which tell us little about possible mechan-
isms, whereas Hess’s bees failed in many 
tests. Such failures tell us when a critical 
cue is lacking, and they lead to further in-
vestigations. It is interesting that Frisch 
would not accept Hess’ results because they 
were negative evidence, but that is exactly 

(B)

(A)

(D)

(E)

(C)

These four, flat on a table, coloured
green, yellow, blue, but

Displayed vertically, pairs were distinguished,
but colour vision not required with two colours.

5 cm

10 cm

bees could not distinguish four shapes.

Discovery that amount of edge was distinguished.

Fig. 1.4. An abundance of convincing 
data. (A) Shapes of similar colour 
were not discriminated. (B) Flower 
patterns of differing length of edge 
were distinguished. (C–E) Different 
distribution of colours of unequal 
brightness was also discriminated. 
Von Frisch (1914) claimed that these 
examples demonstrated vision of 
colour and some patterns.
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where later  advances originated. The tra-
gedy for 100 years was the failure to look for 
an alternative paradigm. The rest of this 
book is mostly about the fall-out from this 
failure.

In science, a paradigm is a comprehen-
sive package of theory that is effective for 
human understanding of a topic, usually 
based on many solid observations or ma-
nipulative experiments. Thus, Newton’s 
statics and dynamics, Lavoisier’s chemistry 
of atoms and molecules and the Darwin–
Wallace theory of evolution are important 
paradigms that clarified our understanding. 
From 1914 until 2014, the Frisch paradigm 

about colour vision of bees, and by  extension, 
other insects, was accepted. In my opinion, 
in German academic circles it was accepted 
without thought, criticism was discour-
aged, errors were covered up, and anomal-
ies went unnoticed because few elsewhere 
actually read the German journals. The re-
sult was an attractive but misleading para-
digm that was accepted and used for many 
studies of bees’ relations to coloured 
flowers. This story, and the persistence of 
the paradigm, convinced me that scientists 
prefer to follow accepted texts rather than 
trying new experiments, and they have dif-
ficulty in generating a new thought.
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