
concentration (ca. 1.5 x 10 -5 M) of myco- 
laminaran to reduce glyceollin produc- 
tion in soybean cotyledons. This differ- 
ence was probably due to partial 
degradation of mycolaminaran, when 
applied to soybean tissues, since soybean 
tissues contained [£1,3-endoglucanase 
capable of degrading the [3-1,3-glucan 
[9,10]. 
The present study demonstrated the 
existence of a specific binding site in soy- 
bean membranes for an elicitor which 
was generated under conditions analo- 
gous to the natural host-pathogen inter- 
action. In addition to the several proper- 
ties of the binding, the fact that inhibi- 
tion of the elicitor binding by mycolami- 
naran resulted in the inhibition of glyce- 
ollin production otherwise induced by 
elicitor strongly suggested that the 
observed binding site indeed represents 
a receptor physiologically important for 
phytoalexin elicitation. The present 
study also demonstrated the production 
by the fungus of a suppressor which inhib- 
ited glyceollin production in soybean 
cotyledons otherwise induced by cell- 

wall-derived elicitor and disclosed a 
unique mechanism of the suppressor to 
compete for elicitor binding to the puta- 
tive receptor. Although the production 
of suppressors has been suggested in a 
few fungi [7,8], the modes of action of 
suppressors are not well characterized 
[11]. Future study is necessary to evalu- 
ate whether the inhibition of elicitor 
binding and glyceollin production by 
mycolaminaran occurs in vivo in fungus- 
infected soybean tissues and whether the 
interactions between the elicitor and 
suppressor determine the disease speci- 
ficity in this host-pathogen interaction 
system. 
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Visual Modulation of a Scent-Marking Activity in 
the Honeybee Apis mellifera L. 
M. Giurfa* and J. N6fiez 

Dpto. de Ciencias Bioldgicas, FCEyN, Universidad de Buenos Aires, Ciudad 
Universitaria, 1428 Buenos Aires, Argentina 

Since the pioneer work of Karl von 
Frisch, much knowledge has been gained 
in relation to the different sensory 
modalities that a bee can exploit to 
attain a greater efficiency while foraging 
on a patch of flowers. However, only 
rare attempts have been made to eluci- 
date the mechanisms whereby a forager 
selectively employs and/or discards some 
sensory cues of flowers in its decision- 
making process. Honeybees, for exam- 

* Current adress: Dr. Martin Giurfa, 
Institut fiir Neurobiologie der Freien 
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ple, mark exhausted [1] and recently 
visited flowers with a repellent scent [2]. 
Since in a foraging bout, bees can visit 
from i to 1400 flowers [3], the possibility 
that a forager may mark any visited 
flower could be a rather uneconomical 
strategy. In this work we raised the ques- 
tion of whether the use of the repellent 
mark depends of the presence of color 
signals which could contribute per se to 
the discrimination between rewarding 
and unrewarding flowers. We show that 
the repellent scent-marking activity sig- 
nificantly decreased whenever both 
kinds of flowers could be visually dis- 
tinguished, providing thus the first 
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example for a visual modulation of 
scent-marking activity in honeybees. 
We trained honeybee workers, Apis mel- 
lifera ligustica, from a hive 50 m from the 
laboratory, to visit and collect 50 % su- 
crose solution on a food-source simula- 
tor (see details in [2]) with 12 identical, 
numbered flowers. They were spaced 10 
cm apart and disposed on a neutral 
medium-gray background. Six of these 
flowers received the same flow of su- 
crose solution (0.34 ~tl/min) from an 
automatic microburette of the Scholan- 
der type, which was driven by a synchro- 
motor. Sucrose solution is odorless to 
honeybees [4]. Bees reached the sucrose 
solution through a PVC tube on each 
flower, which acted as a "corolla". The 
other six flowers yielded no reward. The 
disposition of rewarding flowers was 
established following a random number 
series. To avoid the use of flower posi- 
tion as orientation cue, the patch was 
sometimes irregularly rotated [2]. 
Only one bee was allowed to forage on 
the simulator and was observed over five 
consecutive visits to the test array. Only 
bees whose nonvisit times (time spent 
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away from the patch between visits) 
were less than 5 rain were used (mean _+ 
S. E. = 4.02 + 0.36 min; n = 80). 
Twenty bees were studied, totaling 100 
visits. 
The rationale of the experimental design 
was to record repellent scent-marking 
behavior when bees are confronted with 
rewarding and unrewarding flowers dif- 
fering in color perceptual distances. For 
this, a series of four shades from a basic 
yellow (bee-green) pigment was 
obtained. Figure 1 shows their loci in the 
color opponent space of the honeybee 
[5]. The essence of such a representation 
of color is that the three receptor signals, 
corresponding to the three photorecep- 
tor types of the honeybee, are assumed 
to be evaluated in two spec-. 
trally opponent neural mechanisms. If 
the weighting factors of these spectral 
opponencies are known, as in the case of 
the honeybee, colors can be represented 
in a two-dimensional diagram using as 
axes the two scales assigned to the 
respective spectrally opponent mecha- 
nisms and where the distance between 
loci is directly related to the perceptual 
distance between stimuli. Color distance 
between two stimuli $1 and $2 canbe  cal- 
culated as the sum of the absolute differ- 
ences in the two corresponding excita- 
tion values A and B (city-block metric) 
from Fig. 1 [5]: 

D(S,, S=) = IA1-A2I + IB1-B2[ (1) 
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Fig. 2. Percentage of choices of the rewarding 
group of flowers (number of landings on the 
rewarding group/total number of landings × 
100) and the % of rejections per visit (number 
of rejections/number of total landings × 100). 
Mean _+ S. E.; n = 20. Horizontal lines at the 
same level indicate means which do not sig- 
nificantly differ after a Newman-Keuls test 
modified for repeated measurements, ~ % 
rewarding choices, - ~ -  % rejections 

Number of rewarding flowers 
Number of unrewarding flowers 

In this case, colors A and D were the 
most distant in perceptual terms. 
For the first visit, both the rewarding and 
the unrewarding group of flowers pre- 
sented color A. For the following visits, 
color A was always assigned to the 
rewarding group. For the second visit, 
the unrewarding group presented color 
B (perceptually closest to color A);  for 
the third visit, color C; for the fourth 
visit, color D (i. e., the maximal percep- 
tual distance between both colors, A and 
D, was attained) and finally, for the fifth 
visit it again presented color B as a con- 
trol. The spatial distribution of reward- 
ing and unrewarding flowers was 
inverted from one visit to another. 

U/BG 

/ v~ Fig. 1. Color loci of the four color stimuli used 
(A, B, C, D) in the Color Opponent Coding 
Diagram. The diagram represents the cell 
excitations of two kinds of color opponent 
coding cells, UVPolue-greenness and blue/UV- 
greenness. The middle point (Back.) repre- 
sents the adaptation light (gray background). 
The loci along the spectral line are marked in 
10-nm steps, and the mixtures of 300 and 550 
nm (UV-green) are marked in 10 % steps 
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During each visit, the number of land- 
ings on both the rewarding and the unre- 
warding flowers was recorded. Rejec- 
tions (landings in which the bee intro- 
duced only the antennae into the access 
tube and immediately flew away) were 
distinguished. With these data, the per- 
centage of choices of the rewarding 
group per visit (number of landings on 
the rewarding group/total number of 
landings × 100) and the % of rejections 
per visit (number of rejections/number 
of total landings x 100) were calculated. 
The latter is a direct measure of the 
repellent scent-marking activity [2]. To 
have a standardized measure, rejections 
are expressed here as percentage of the 
number of landings since visits can have 
different durations and therefore differ- 
ent absolute numbers of landings and 
rejections. 
Since the same individuals were repeat- 
edly tested over a period of time, for 
repeated measurements ANOVA was 
employed and comparisons between 
means were performed with a Newman- 
Keuls test modified for repeated mea- 
surements [6]. 
Bees performed a mean number of 
171.37 + 3.56 landings per visit (mean _+ 
S. E.; n = 100), staying 24:11 + 1:24 
rain on the patch (mean + S. E.; n = 
100). Figure 2 shows that the greater the 
perceptual difference between the 
rewarding and the alternative color, the 
more accurate was the choice of the 
group of rewarding flowers (fourth visit). 
This variation was clearly significant (F 
= 83.05; dr: 4,76; n = 20; P<0.0001). 
When the color information was the 
same for both groups of flowers, no 
asymmetries in group choice were 

377 



detectable (first visit), although one 
group was not rewarding as explained 
above. Although bees learned to distin- 
guish color A as the rewarding one, the 
observed variation was not only the 
result of improved performance due to 
learning, as shown by the decrease 
observed on the fifth visit (A vs. B), 
where the perceptual distance between 
colors was again reduced. The choice 
level attained there did not differ signifi- 
cantly fi'om the levels of the second visit, 
where the same situation was presented 
(mean difference = 0.51; C.V. = 5.61; 
NS). 
In the same way, the % of rejections also 
varied in a significant (F = 28.53; dr: 
4,76; n = 20; P<0.0001) but inverse 
way: the greater the perceptual differ- 
ence between the rewarding and the 
alternative color (and therefore the bet- 
ter the choice of the rewarding one), the 
lower the % of rejections (fourth visit). 
This % increased again when the percep- 
tual distance between the colors used 
decreased in turn (fifth visit). In other 
words, rejections dramatically decreased 
whenever the task of discriminating 
rewarding from unrewarding flowers 
could be solved visually. 
One may argue that the variation in the 
% of rejections did not result from a 
visual modulation of the scent-marking 
activity but only reflects the fact that the 
unrewarding flowers were less visited by 
the bees whenever these could be dis- 
tinguished on the basis of their spectral 
properties. In other words, the decrease 
in the % of rejections would only repre- 
sent the decrease in landings on the 
unrewarding flowers. This, however, 
ignores the fact that bees may also mark 
rewarding flowers [2]. It is, thus, critical 
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to demonstrate that the postulated 
modulation occurred in the rewarding 
flowers. Figure 3 depicts the % of rejec- 
tions of these flowers (number of rejec- 
tions of rewarding flowers/total number 
of rejections x 100). Bees marked the 
rewarding flowers when they could not 
distinguish them visually but they did not 
mark them when visual discrimination 
was possible. The observed variation was 
highly significant (F = 21.05; df: 4,76; n 
= 20; P<0.0001) and clearly demon- 
strates that the scent-marking activity 
here was actually modulated through 
visual input. 
Bees do not have a brightness dimen- 
sion, at least in all tasks involving color 
discrimination [5, 7, 8]. Brightness dif- 
ferences can only influence the bees' 
choice behavior insofar as they are 
responsible for shifts in color loci 
(Bezold Brticke Effect; see [8]). Since 
brightness, as a parameter  is clearly 
ignored by the bees in color choice 
experiments, one should thus concen- 
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Fig. 3. Percentage of 
rejections of the reward- 
ing flowers (number of 
rejections of the reward- 
ing flowers/total number 
of rejections x 100). 
Mean + S. E.; n = 20. 
Horizontal lines at the 
same level indicate 
means which do not sig- 
nificantly differ after a 
Newman-Keuls test 
modified for repeated 
measurements 
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trate on color distances between the 
stimuli used as modulating visual input. 
In our experimental procedure, color A 
has been compared to itself and to the 
alternatives B, C, and D. Figure 4 
depicts the correlation between the per- 
ceptual distances of the color stimuli 
used, calculated after Eq. (1), and the % 
of choices of the rewarding group 
obtained. The variation in perceptual 
color distances can account for the varia- 
tion in choices of the rewarding group 
since both variables display a highly sig- 
nificant correlation (r = 0.9979, df: 3; 
P<0.001, two-tailed). 
We showed thus that the repellent scent- 
marking strategy can be modulated by 
the availability of spectral signals provid- 
ing the necessary and sufficient informa- 
tion to discriminate between rewarding 
and unrewarding flowers (Figs. 2, 3). 
This work underlines, therefore, the fact 
that honeybees are capable of using one 
or more sensory cues to enhance their 
foraging efficiency, according to the 
environmental situation. If one cue is 
good enough for this aim, then alterna- 
tive strategies related to other sensory 
modalities can be totally or partially 
abandoned. The variation in the choice 
of the rewarding group could be 
explained here by the exclusive basis of 
color discrimination. The bees correctly 
chose the rewarding group whenever it 
was possible to distinguish it from the 
alternative color in perceptual terms. 
In a rich, natural flower market,  flowers 
differ not only in their colors, but also in 
their forms and odors, thus providing 
conspicuous signals which can be 
detected and learned by pollinators [9]. 
The repellent mark, therefore, would be 
an auxiliary "tool" to attain a greater 
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foraging efficiency and to be employed 
in situations where no alternative cues 
are available to discriminate between 
rewarding and unrewarding, similar 
morphs from a particular flower species. 
The use of such a mark may also depend 
on other factors such as the morphology 
of the flower, the nectar flow provided, 
the number of available flowers, and the 
interflower distance to cite some of the 
possible elements which may be consid- 
ered. 
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Thaumetopoea species are forest pests 
and their caterpillars, which form pro- 
cessions, produce many urticating hairs 
which are responsible for allergic reac- 
tions in man and animals [1]. Control of 
the species is necessary and is carried out 
mainly by insecticides or BT prepara- 
tions. Halperin [2,3] was the first who 
used Ooencyrtus pityocampae Mercet 
(Insecta: Hymenoptera:  Encyrtidae) for 
biological control of T. wilkinsoni Tams 
in Israel by mass breeding of this parasit- 
old in eggs of Bombyx rnori. Battisti et 
al. [4] tried to rear the same egg parasit- 
oid on artificial substances; it developed 
until the stage of matura larva in artifi- 
cial eggs with synthetic membranes. 
For research work concerning the biol- 
ogy of egg parasitoids, it is necessary to 
have enough suitable eggs at a definite 
stage of development. In Thaumetopoea 
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species, which are widespread in Medi- 
terranean countries, this is an important 
problem because the adults do not 
copulate under laboratory conditions, 
and the females do not deposit eggs 
without copulation. In the field, egg lay- 
ing takes place mainly at night and it is 
not easy to find freshly laid egg batches. 
Thus, the occurrence of parasitization is 
uncertain. 
For our investigation of the mechanism 
of parasitoid diapause, masses of unlaid 
eggs were obtained by dissecting freshly 
emerged females in the laboratory. In 
springtime during pupation of T. pityo- 
campa and T. wilkinsoni it is possible to 
collect pupae in sandy areas at a soil 
depth of 10-20 cm and store them until 
September-October  when the adults 
emerge. A prolonged pupal diapause of 
1-5(7) years was also observed. Thus, 
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adults were obtained from one batch of 
pupae over several years. Each adult 
female produces up to about 300 ripe 
eggs which are deposited as one batch 
after copulation [5,6]. In the absence of 
copulation, the abdomen of the female 
was opened and the unlaid eggs were 
removed. Groups of 50 eggs were 
exposed for 2 weeks to two females of 
O. pityocarnpae, an egg parasitoid of 
both species[7]. 
To demonstrate the effectivity of the 
parasitoids two experiments were 
carried out with 50 eggs and 2 parasitoids 
each. In both cases we received a high 
parasitization rate; the hatching rate was 
calculated to be 53 % in November and 
66% in May (Fig. 1). Under  natural 
conditions in Israel, the highest parasit- 
ization rate of one egg batch was found 
to be 74 % [8]. In unlaid eggs parasitized 
in May, the parasitoids emerged during 
two periods of the year (Fig. 2). The first 
group emerged after some weeks, the 
second after some months. This corre- 
sponds with the appearance of the egg 
parasitoids under field conditions. No 
indication could be found for auto- or 
superparasitism caused by O. pityocam- 
pae as it is assumed by Battisti [9] for the 
eclosed parasitoids in September; the 
second period of eclosion showed no 
remains of auto- or superparasitoid 
development [8]. Only one parasitoid 
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