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Figure 5: Simultaneously measured thorax vibrations and
unidirectional air movements. A jet airflow was only to be
expected behind the vibrating bees. The airflow recordings
made 5-mm behind the wingtips (direction vi relative to the
long axis of the bee, see Fig.-1), and those made 5-mm
laterally (direction iii relative to the long axis of the bee; see
Fig.-1) did not differ. Scaling for the airflow was chosen in
accordance with the velocity amplitude of the air jet
described in honey bees, 150-mm-s (Michelsen, 2003).
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Insets: amplified vibratory pulses showing air particle
oscillations along with the thorax vibrations around the
centre of the forager’s thorax. Food receivers (R) were not
included in the analysis. The closest position between the
heads of hive bees (midpoint indicated by white dot) and the
foragers served as a measure for the distance. (B, C)
Distribution of 128 hive bees attending 20 trophallactic
interactions (six different foragers). Different colours
represent different regions around vibrating foragers; the
borderlines between different regions correspond to
directions (i-vi) given in Fig.-1.

164



DISTRIBUTION OF BEES
AROUND RECRUITERS

Proportion of hive bees (%)

0
0 5 10 15 20
Distance to forager (mm)

(vi)

Figure 6: Distribution of hive bees (H) around a vibrating

forager (F) during trophallactic food transfer measured
within a circle of 2-cm radius
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"These bees also do not sting as hard® as they do back
home. I often saw bees flying? at natives® who were
retrieving honey. They stripped the bees off their naked
bodies. I also grasped naked at the honey. At my first
attempt I suffered great pain and had to run to the water
in order to wash them off my body.”*

Hans Staden (1557)

1 Probably meaning “ painful”

2 “Flying at” probably meaning “attacking”

3 Please note that I intentionally changed one of Staden’s synonyms to
describe the native inhabitants of the New World.

*Translated from: Hans Staden (2006) Brasilien: Historia von den
nackten, wilden Menschenfressern [Ed.: G. Faber; Translation: U.
Schlemmer]. Lenningen: Edition Erdmann. [The first Version was
published in 1557 under the title “Wahrhaftige Historia und
beschreibung eyner Landtschafft der wilden nacketen grimmigen
Menschfresser-Leuthen, in der Newenwelt America gelegen”]



Nest entrance (diameter: ~4 — 11 cm) of a
small to medium sized Trigona spinipes
colony (possibly 4000-6000 bees)



CHAPTER VI

UNPUBLISHED DATA AND OBSERVATIONS

CHAPTER VI

A

How do T. spinipes bees react to disturbances in
front of their nests other than by mandibular gland
secretions?

(unpublished manuscript! in progress)

Little quantitative data is available in the literature
about attack responses by meliponine bees
defending their nest, as well as about the cues which
meliponines actually use to locate their potential
intruder(s). Besides the importance of such data for
questions regarding the natural history of
meliponines  (e.g. intra- and interspecific
competition) and that of their predators and

! The observations described in this manuscript represent an important
contribution to the study of defensive and aggressive behaviour
treated in chapter II.
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parasites, such data is useful to design methods for
the study of aggressive and defensive behaviour in
these bees. For example, when studying chemical
substances potentially eliciting attack responses after
their application at the nest entrance, one should
know to which extent defensive attack responses
occur due to the mere physical manipulations at the
nest entrance or to the chemical actually tested. In
the following, experiments are described which
analyze the effect of stimuli of different modalities
on the elicitation of defensive behaviour.

METHODS

I studied the defensive attack response of T. spinipes
bees at three different degrees of “disturbance” (no,
light and heavy disturbance Figure 1) caused by
human movements near the nest. In contrast to
situations of “no disturbance”, where no human
approached the nest, “light disturbance” was caused
when the experimenter cautiously approached the
nest from a distance of about 8 m (walking slowly —
approx. 0.2 m/s - and avoiding any sudden
movements by any body part) at an angle > 30° to the
nest entrance hole. The experimenter was not
allowed to get closer than 0.5 m to the nest, which
was the same in the “heavy disturbance” test. Here,
the observer walked quickly (>1 m/s) up and down
the nest entrance front (max. distance from the nest =
8m) “nervously” whilst quickly moving arms up and
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down (~1-2x per s). All experiments were executed
by the same experimenter (size: ~1.85 m; ~95 kg;
clothed in light colours; no perfume) to avoid bias
caused by potential effects originating from different
body dimensions. During such disturbances the bees
were obviously presented with multimodal stimuli.
Visual stimuli may have predominated, but
vibrational stimuli potentially contributed to a
considerable extent. Even air movements, chemical
and thermal stimuli emitted by the experimenter
could have been perceived by the bees. To find out
more about which stimuli were predominantly the
cues eliciting defensive behaviour of the bees a set of
experiments were carried out which are described
later in this paper which first concentrates on the
general disturbance experiments.

Quantification of defensive attack behaviour

To quantify the degree of defensive attack behaviour
elicited by disturbances in front of the nest, I placed a
clean black cotton ball [a sock stuffed with PVC foil;
methodology similar to that used by Smith and
Roubik (Smith and Roubik, 1983)] measuring ~10 cm
in diameter as a target at a distance of 150 cm from
the nest entrance during the night preceding the
experiment. The ball was either suspended from a
wooden broomstick or fixed onto it directly. During
“non disturbance” experiments a binocular or a
video camera with zoom function was used to
observe the ball from a distance (~ 8 m). Disturbance
experiments lasted for 2 minutes. Every disturbance
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experiment showed a period when bees attacked
most. Per experiment only the disturbance period
with the maximum number of bees biting the cotton
ball within 30 seconds was taken as a measure of
aggressiveness.

RESULSTS AND DISCUSSION

As expected, in all five tested colonies no or hardly
any bees attacked the black cotton ball> during no-
disturbance periods (Figure 1). Weak disturbance
provoked only a few bees to attack.

When comparing the disturbance treatments within
colonies (Kruskal-Wallis analysis of variance on
ranks) no statistically significant effect (Student-
Newman-Keuls'pairwise =~ multiple = comparisons
P>0.05; N=6 tests with each of the five colonies) could
be observed between ‘no disturbance’ and ‘light
disturbance’ treatments, except for the most
aggressively attacking colony (D; Student-Newman-
Keuls’ pairwise multiple comparisons P<0.05; N=6

% Note that | only present the number of bees attacking the motionless
cotton ball in front of the bees’ nest and not the number of bees
attacking the experimentator which actually caused the disturbances
near the nest. This was done for methodological reasons and for
reasons of comparability towards other experiments conducted with
the same species (e.g. see experiments realized for the study of
chemical substances eliciting aggressive and defensive behaviour in
Chapter I1).
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tests with each of the five colonies). When comparing
the ‘no disturbance” values of all five colonies with
those of the ‘light disturbance” values, however, a
statistically significant difference resulted (Mann-
Whitney U: P <0.001; N=6 tests with each of the five
colonies for each treatment). This provides evidence
that weak disturbances in front of a T. spinipes nest
can already lead to the onset of defensive behaviour.
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Figure 1: Number of T. spinipes bees attacking a dark object
150 cm away from the nest entrance after different degrees
of disturbance (no, light, heavy) in front of the nest entrance.
Medians (plus 1% and 3 quartile) for five different colonies
(A - E) are shown. Columns with the same letter at the top
represent values that do not differ significantly from each
other (alpha = 0.05).
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“Heavy disturbance” in front of a T. spinipes nest
obviously provokes some defensive attack by nest
guarding bees (Figure 1). The number of attacking
bees was consitently well above that for the light
disturbance. Consequently statistically significant
differences resulted between high disturbance and
weaker disturbance treatments within each colony
(Kruskal-Wallis analysis of variance on ranks: d.f.=2,
H>13; P<0.001; Student-Newman-Keuls" pairwise
multiple comparisons P<0.05; ; N=6 tests with each of
the five colonies for each treatment). Colony D
showed significantly higher (Kruskal-Wallis analysis
of variance on ranks: d.f.=4, H = 16.795; P<0.002;
Student-Newman-Keuls’ pairwise multiple
comparisons P<0.05;) defensive attack responses
(Figure 1) compared to the other colonies. It seemed
that colony D had more members at the time of
experiments than any of the other colonies. Colony
strength in Meliponini is a likely cause of differences
in defensive attack intensity (Roubik 1989, Nogueira-
Neto 1997; personal observations in Cephalotrigona,
Frieseomelitta,  Geotrigona, Melipona, Nannotrigona,
Scaptotrigona and Schwarziana).

Which cue(s) do meliponine bees use to detect and locate a
potential predator or nest intruder?

A complete answer to the above question could turn
out to be highly complex. Predators, parasites or
other nest intruders will mostly provide a variety of
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optical, mechanical (including acoustical and
vibrational) and chemical cues. However, not all cues
that nest intruders provide will be of use to the
attentive guard bees which must detect and locate
potential threats quickly and efficiently. A few
simple but reliable cues could work very well under
most circumstances. Outside the nest, optical cues
are probably the best choice to quickly and efficiently
locate a threat during the day’, especially among
flying individuals.

If seen from the meliponine’s perspective, an
intruder approaching the nest entrance during the
day often will appear contrasted to the sky or a
comparably bright background (as seen from the
inside of the nest). Therefore, a simple cue and the
corresponding rule for efficient intruder localization
could be accomplished by detecting dark objects (as
compared to the background) and to attack them. A
prerequisite for this method, of course, would be the
bees’ ability to distinguish “friend from foe”, since
nestmates will be constantly leaving and entering the
nest. Again, many cues could be responsible for the

¥ Other prominent cues are less likely to play a major role for the
following reasons: Current knowledge and literature (Hrncir et al.
2006, Hrncir et al. 2008) classifies meliponines as insensitive to weak
and distant sounds due to the fact that their sound detecting sensory
organs only detect the particle velocity of sound. Chemical cues,
especially if at some distance (>1m) from the nest, will depend on air
movement and in addition are slowly propagated in comparison to
other cues. Finally, vibration detection could be useful and probably
also plays an important role for the detection of intruders (Schorkopf,
unpublished data), but will be restricted to the substrates in direct
contact with the nest.
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latter ability of distinction. While chemical cues or
signals are probably important for nestmate
recognition at close distance/contact (Breed and Page
1991; Buchwald and Breed 2005; Nunes et al. 2008,
Schorkopf, personal observation), the optical
appearance of the object seems to be most important
for detection and localization from a distance. Here, 1
want to present some data restricted to objects much
larger than the average bee, and which will focus on
one simple aspect of test objects: their optical
contrast value as compared to the background
surrounding the nest. To make methods easy, I only
distinguished between two different values: dark or
bright as compared to the background. I achieved
this by simultaneously offering two cotton balls
(general method as described in the previous
paragraphs on defensive attacks if not stated
otherwise) at the same distance from the nest (150
cm) but with contrasting brightness values (one
black and one white cotton ball, distance between
both balls = 20 cm). To induce defensive behaviour, I
exposed the nest entrance with one bee equivalent of
T. spinipes “alarm” (defensive/aggressive behaviour
eliciting) pheromone (see Schorkopf et al. 2009).
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Figure 2: Preference of T. spinipes bees to defensively attack
one of the two objects (at a distance of 150 cm from the nest)
within 30s after inducing defensive attack behaviour by
mandibular gland pheromones presented at the nest
entrance. Box plots indicate inter-quartile range (box), the
median value (horizontal line), 95% range (whiskers) and
outliers of all five tested T. spinipes nests.
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Figure 2 shows a striking preference of defensively attacking
bees (>90%) for the dark object (black cotton ball) as
compared to the bright object (white cotton ball).
Consequently, the percentage values were significantly
different (Mann-Whitney U Rank Sum Test: P<0.001; N=6
tests with each of the five colonies; a total of 370 bees).
Figure 3 illustrates that this preference remaine the same at
different distances to the nest over a time period of 10 min. It
also indicates that this preference is not dependent on the
signal modality inducing the defensive attack behaviour in
these bees. While mandibular pheromones represent a
typical example for a signal, heavy mechanical impacts on
nest structures are typical of cues. Yet, both signal and cue
can induce the same type of behaviour after which the
preference to attack dark instead of bright objects remains
the same.
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Figure 3: Illustration of the consistent preference of T.
spinipes bees to defensively attack dark (black bars) as
opposed to bright (red bars) cotton ball objects at different
distances (1, 2, 4, 6, 10 and 20 m; 20 cm between equidistant
dark and bright objects) and times after strong mechanical
impact* on the nest structure.

* The impact by a log (force and acceleration of the impact not
determined) thereby resulted in the destruction of a part (size: ~14 x 7
x 7 cm?3) of the outer nest layers. Probably no bees were located and
therefore harmed in this part of the nest during the impact since no
bees were observed on the respective outer layer surface shortly
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Conclusions®

Trigona spinipes, as seen from the above given data,
clearly belongs to the more agressive meliponine
species. Whereas bees of “non-aggressive” species
(e.g. species belonging to the genus Melipona,
Nogueira-Neto 1997) rather tend to retreat than to
attack until one actually invades their nest, Trigona
spinipes may aggressively attack approaching objects
even if these do not necessarily harm the colony.
From an anthropocentric perspective the data
support previous observations by researchers and
bee keepers (honeybees: e.g. Crane 1990,
meliponines: e.g. Nogueira-Neto 1997) suggesting
that one should approach a meliponine or other bees’
nest cautiously to avoid attack in species known to
be “aggressive”. The nearer one gets to the colony,
the higher the probability of being attacked, which
makes sense for the bees as fortress holders: The nest
holds their brood, egg laying queen and their food
reserves and therefore the regions nearest to it
should be defended more fiercely than more distant

before the impact or at any part of the resulting “crater” in the first 3
seconds after the impact.

* with emphasis on the potentialconsideration of my observations for
the practical handling of the bees
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regions. If attacked, the fastest and most efficient
way to avoid more bites lies therefore in the simplest
rule “to run away”. In addition, dark cloths should
be avoided when handling meliponine nests as is the
case with the much better studied and described
honey bees (Apis mellifera; e.g. Crane 1990). My data
demonstrates a considerably stronger preference to
attack dark objects as compared to light ones.
Although quantitative data is available for only few
Hymenoptera, the present study corroborates the
common belief that the preference to attack dark
objects is a general trait among the flying species.
However, to sandbag this general view and to permit
a meaningful comparison of the “aggressiveness”
among different taxa, more quantitative data on
other meliponines and Hymenoptera is required.
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Nest entrance of
Scaptotrigona postica Latreille 1807
(diameter ~ 3 — 4.5 cm)
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CHAPTER VI

B

INCIDENTAL BUT MOST LIKELY SIGNIFICANT
OBSERVATIONS®

Additional observations in Scaptotrigona postica and
Trigona spinipes

Preliminary observations in
Scaptotrigona postica Latreille 1807

After considerable difficulties, I was able to receive a
colony of bees reliably identified as Scaptotrigona
postica’. I could therefore examine whether there are
obvious difference in the relevance of scent paths
between S. aff. depilis (the “wrong postica” and
presumably studied by Lindauer and Kerr; Lindauer
and Kerr 1958) and the real S. postica. Together with
Linde Morawetz I conducted a few experiments
similar to those previously described for S. aff. depilis

® The observations mentioned here shall be seen as potentially
significant notes to the study of pheromone paths in Meliponini,
treated in chapter IV.

" The difficulty was due to the fact that true S. postica bees do
not naturally occur in Piracicaba and Ribeirdo Preto (see also
methods in chapter IV). I therefore highly appreciate Dr. Sidnei
Mateus for providing us a true Scaptotrigona postica colony from
Mato Grosso State, Brazil (species identification was kindly
confirmed by J.M.F. Camargo; specimens were deposited to his
collection).
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with this colony at the lake at Piracicaba (the colony
was kept at the same location, for methodology see
methods for S. aff. depilis in chapter IV). Due to the
weakness of the colony, however, we only were able
to get small numbers of newcomer bees, if any at all,
recruited to the highly profitable feeders (50% w/w
unscented sucrose solution) during several
experiments, irrespective of the presence of
pheromone paths leading towards the feeder or the
presence of the lake between nest and feeder.
However, it seems worth noting that some
newcomer bees still were successfully recruited
across the lake and without pheromone paths
leading to the recruitment feeders on at least two
occasions: one occasion, when 8 recruiting bees
successfully recruited 6 newcomer bees within 40
min; the other, when 2 newcomer bees were
recruited by 6 recruiters within 50 min®. S. postica is
therefore assumed to share very similar pheromone
path and recruitment mechanisms with S. aff. depilis.
Although the details on the similarities or differences
between both tested species need to be clarified in
future studies, the few observations made on S.
postica confirm the previously made statement of (see
chapter IV): “Pheromone paths are not indispensable
for successful recruitment in meliponine bees”.

¥ Note that no bees (neither experienced, nor inexperienced) were ever
observed to land on the control feeder (same dimensions and content
but no foraging bees) positioned at the same distance, but in the
opposite direction from the nest during any experiment with S. postica
(no water barrier between nest and control feeder).
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Incidental observation in Trigona spinipes

Considering its likely significance 1 report an
incidental observation made in Trigona spinipes when
I was on a boat anchored at noon at “lula beach” in
the Atlantic bay at Paraty (South of Rio de Janeiro
State, Brazil): At a distance of about 50 m from the
beach forest (30 m water; 20 m hot sand) an
individual of T. spinipes discovered the sweet content
of a coke tin on the boat. I purposefully spilled some
content around the tin can on the table (several little
puddles to avoid the bee to drown either inside the
tin can or in the puddles around it) on which it was
originally found by the bee. I then was able to
observe the individual bee to return three times
(duration between visits approx. 90 - 180 s) when the
bee obviously started to scent mark the tin can and
the surroundings nearby. Six minutes thereafter a
group of 13 recruited bees (I propose the bees to
have been nest mates of the first bee) arrived. They
had to fly across the hot sand on the beach in
addition to the sea surrounding the boat to reach the
sugary source. A noticeable wind from inland (boat
flag pointed toward the sea) was no obvious
challenge to the bees. They collected from the coke
pads, flew back (probably) to their nest (all bees took
the same direction toward the beach) and returned in
similar numbers. This went on for a while. Before I
unfortunately had to leave the beach for another
destination, however, a larger bulk of bees returned
(24 min after the first group of recruits had arrived;
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estimated number of the new group: 30 — 40 bees).
From this observation I tentatively conclude that T.
spinipes and probably also other meliponines are not
necessarily kept from foraging and group
recruitment if they have to fly some distance without
the guidance of a scent path above water, even if
above the sea.
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CHAPTER VII
CUES AND SIGNALS FOR ORIENTATION AND
COMMUNICATION
CONCLUDING REMARKS

Main answers of this thesis

Obviously several cues and signals are used by the
meliponine superorganism for efficient
communication and orientation on the intra — and
intersuperorganismical level. The focus on a few
questions regarding foraging and defence led to the
following main findings of my thesis which I briefly
summarize and comment here.

Defence and aggression

One important cue for meliponines to detect and
locate targets at a distance during defensive
behaviour could be the “brightness” of objects as
compared to other objects in their environment.
Meliponine guard bees were found to attack dark or
black objects much more readily and intensively than
bright or white objects. Mechanical impacts on the
nest lead to the attack of dark objects as did the non-
invasive visual disturbance in front of the nest or
chemicals exposed to the bees. This suggests that
cues (e.g. the mechanical impact) alone can trigger all
elements of collective defensive behaviour in
meliponines as previously shown for bees having
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received the corresponding chemical signals
(mandibular gland pheromones). However, it
seems that there are considerable differences in the
number of responding bees between the above
mentioned stimuli. The number of responding bees
seems to be influenced by the strength and status of
the colony as well. Future studies should assess this
quantitatively.

Mandibular secretions

Meliponines use chemical signals originating from
the mandibular glands to intraspecifically induce
defensive behaviour. These pheromones, even if
released in quantities well below the quantity
available to single individuals, can release
coordinated defensive behaviour on the level of the
colony (or superorganism). The same secretions can
also act between colonies (intersuperorganismic
level) of the same species, which is relevant during
the defence of territory and food sources. The same
mandibular secretions can also act as allelochemical
signal or cue between colonies of different species
(interspecific ~communication). The effect of
mandibular gland secretion regarding the induction
of defensive behaviour is quickly achieved after its
release and decreases within short time periods
thereafter. This circumstance makes the secretions
suitable for the fast arousal of defence behaviour and
less susceptible to “false alarm”. Mandibular
secretions do not contribute to the pheromone trail
or pheromone path following behaviour in
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meliponine bees as previously claimed by several
authors.

Scent paths and foraging

Regarding foraging, chemical signals enable the
coordinated resource utilization outside the nest in
cases where pheromone trails are laid down by the
recruiting individuals (e.g. genera Scaptotrigona and
Trigona). However, the dependence on chemical
signals for recruitment to and orientation towards
resources in the field could also lead to some inertia
in the decision making process of a superorganism.
The change of recruitment from older and less
valuable targets (to which pheromone trails were
established) to more profitable new resources may
take longer or too long, especially in cases of short
resource availability. However, this may be a
negligible disadvantage in highly populous
meliponine species such as those found in the genera
Scaptotrigona or Trigona. The latter disadvantage also
seems lessened in the light of the finding that
pheromone paths are neither indispensable for
recruitment nor leading to a full cessation of
recruitment to other locations to which no
pheromone paths lead.

Other signals

Other cues or signals in meliponines seem to be
important for the recruitment to resources outside
the nest. Visual cues or signals may contribute
considerably. During our experiments with
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Scaptotrigona, newcomer bees usually only appeared
at the communicated food source when experienced
bees accompanied them or when other bees were
already present at the food source location. These
facilitation mechanisms might play an even more
important role in meliponines which do not
construct elaborate pheromone trails towards
recruitment targets. While the latter remains to be
carefully treated in future research, some significant
progress in our understanding of intranidal
recruitment mechanisms of “non-pheromone-path”
meliponines resulted from the studies of recruitment
related behaviour in Nannotrigona and Melipona.
Jostling contacts during recruitment were shown
(similar to what is known for Melipona®) to be suited
for coding some information about the profitability
of food sources in Nannotrigona testaceicornis
[Lepeletier 1836]. The same is true for the pulse
duration of the thorax vibrations in this species
which are produced during the recruitment
behaviour inside the nest (again, as previously
known for Melipona®). In Melipona, where the
production of thorax vibrations is well documented?,
a lot of work still remains to be done to fully unveil
which stimuli actually are used as signals or cues by
the signal receiver bees inside the nest. One way of
potential signal transmission could be added to those
already described for meliponine bees®: the direct

! See Hrncir et al. 2000, Jarau et al. 2000 and Barth et al. 2008
2 Hrncir 2003, Hrncir et al. 2004
% See Nieh 2004, Hrncir et al. 2006, Barth et al. 2008
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vibration of food receivers by recruiting bees. Using
Melipona, a method could be established which
significantly increased the possibilities to study
aspects related to thorax vibration and sound
emission quantitatively. The particle oscillation field
around a vibrating bee due to airborne sound was
inhomogeneous, the average velocity amplitude
ranging between 3 and 16 mm/s at a distance of 5
mm. The sound pressure field around a vibrating
bee was inhomogeneous too (200-400 mPa; distance =
5mm). However, no jet airflow as described for the
honey bee (Apis mellifera) was detected behind the
wings of the vibrating bees.

Provided that Melipona possesses a Johnston organ at
least as sensitive for air particle oscillations as
previously found for Apis mellifera, it should be able
to detect particle oscillations at distances up to 2 cm
away from vibrating bees. About 80% of the bees
interacting with recruiting foragers were found to
surround the recruiting bee at distances closer than 5
mm. Most bees interacting with successfully
returning foragers could therefore be able to perceive
recruitment signals or cues if actually transmitted via
air particle oscillations by vibrating bees.

“The meliponine superorganism puzzle”

The findings presented in this thesis show many
similarities to cues and signal mechanisms already
described in other, often much better studied
superorganisms, such as those of honey bees and ant
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or termite species (Holldobler and Wilson 2009). Yet,
the mechanisms are by no means identical, for which
the non-obligatory character of the pheromone path
in pheromone path laying meliponine species is a
good example. Meliponines are likely to
substantially =~ contribute = towards a  better
understanding of some principal communication
mechanisms of the so called “superorganisms”. The
present thesis aimed to add to our understanding of
the multidimensional puzzle called “the meliponine
superorganism”. Although I much hope that it did
indeed bring us closer to the goal I also believe that
the larger part of the “meliponine superorganism
puzzle” still remains to be solved.
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ZUSAMMENFASSUNG

HINWEISREIZE UND SIGNALE IM DIENSTE
DER ORIENTIERUNG UND KOMMUNIKATION
BEI DEN SUPERORGANISMISCHEN MELIPONEN

Die  vorliegende  Dissertation  befasst sich
vordergriindig mit den zwei folgenden Fragen: 1)
Welche Signale* und Hinweisreize ° (kurz:
Hinweise®) werden bei den superorganismisch’
organisierten Meliponen (Staaten - bildende
Bienenarten, die weltweit in den Tropen
vorkommen®) zur und wéhrend der Verteidigung
ihrer Kolonien geniitzt (Kapitel II)? 2) Welche
Signale und Hinweise begleiten und ermoglichen die
Mobilisierung, Koordination und Orientierung von

* Definition siehe Kapitel |

® Die Bezeichnung entspricht dem so genannten Kennreiz. Da die in
dieser Dissertation verwendete Definition (siehe Begriff ,,cue in
Kapitel 1) aber nicht ganzlich dem Kennreiz gleicht, wird hier
Hinweisreiz bevorzugt.

® Siehe Seeley (1997)

" Nach Wilson (2000) und Hélldobler und Wilson (2009) jedwede
soziale Gemeinschaft, wie z. B. die Kolonien von eusozialen Insekten,
welche Organisationseigenschaften besitzen, die analog zu den
physiologischen Eigenschaften eines einzelnen Organismus bestehen
(siehe auch Kapitel I). Ein Insektenstaat, zum Beispiel, ist in
reproduktive Kasten (analog zu Gonaden) und Arbeiterkasten (analog
zu somatischen Gewebe) aufgeteilt. Als weiteres Beispiel kann die
Nahrung hierbei, funktionell ahnlich dem Kérperkreislauf, z.B. durch
Trophallaxis unter den Individuen unterschiedlicher Kasten aufgeteilt
werden.

® Die Bezeichnung ,,Stachellose Bienen“ wird aufgrund der in Kapitel
I genannten Griinde von mir vermieden.
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Arbeiterinnen der Meliponenstaaten zur effizienten
Nutzung von Ressourcen (Kapitel III bis V)?

Die iiber 400 Meliponenarten sind vor allem als
Bestauber und Bliitenbesucher der weltweiten
Tropen bedeutsam. Thre im Aussehen und Verhalten
recht unterschiedlichen Gattungen und Arten (siehe
Kapitel I und Roubik 1989) stellen auflerdem ideale
Versuchsobjekte zum besseren Verstindnis von
tropenbiologisch relevanten Fragestellungen dar
(siche Roubik 1989). Wahrend Nektar- und
Pollensammeltatigkeit  beziehungsweise  daraus
resultierende getrennte Honig- und Pollenvorrate
auch bei den verwandten Honigbienen (Apis sp.) und
Hummeln (z.B. Bombus sp.) vorkommen, zeichnen
sich Meliponen ausserdem durch das zusitzliche
Vorkommen fleisch-konsumierender (z. B. Trigona
hypogea) und kleptoparasitischer Arten (z. B. Gattung
Lestrimellitta) aus, die zur Vielfalt der faszinierenden
Uberlebensstrategien bei Meliponen beitragen.

Defensives und aggqressives Verhalten

Im Kapitel II werden Signale und Hinweisreize
identifiziert, die defensives und aggressives
Verhalten bei Meliponen auf intra- und
intersuperorganismischer, = sowie  intra- und
interspezifischer Ebene ermoglichen. Zur
Untersuchung wurden zwei Arten gewahlt, die
bereits in der Vergangenheit zu &hnlichen
Fragestellungen herangezogen worden sind: Trigona
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spinipes Fabricius 1793 und Scaptotrigona aff. depilis’®
(Artgruppe: S. depilis Moure 1942), welche
sympatrisch in neotropischen Habitaten
vorkommen. Mandibeldriisensekrete bei
Arbeiterinnen  enthielten u.a. 2-Heptanol und 2-
Nonanol (siehe Tabelle 1 in Kapitel II), die
aggressives und defensives Verhalten auslosten.
Verhaltenstests zeigten (siehe Appendix von Kapitel
II), dass wahrend auffélliger Anndherung an
Meliponennester und der darauf folgenden
Nestverteidigung dunkle Flachen angeflogen und
auch verstarkt gegeniiber hellen Flachen angegriffen
werden!®. Die oben genannten Pheromone stellten
sich aufierdem auch als geeignete
Allelochemikalien’  heraus, da Mandibeldriisen-
extrakte beider Arten zur Auslosung defensiver
Verhaltensweisen an Futterquellen und
Nesteingdngen sowohl der einen wie anderen Art
fiihrten. Die Mandibeldriisensekrete sind demnach
zur intra- und intersuperorganismischer
beziehungsweise  intra- und  interkolonialer
Kommunikation auf intra- und interspezifischer

° Friiher, wie heute falschlicherweise oft auch als Scaptotrigona
postica bezeichnet, da die Arten in der Gattung Scaptotrigona sehr
&hnlich ausschauen kénnen und z.T. auch noch nicht beschrieben
worden sind (siehe Methodenteil des Kapitel 11 und Camargo und
Pedro 2007).

1% Meliponen benutzen v. a. ihre Mandibeln, um sich zu verteidigen.
BeilRen stellt ihre bevorzugte mechanische Verteidigungsform dar, da
sie (im Gegensatz zu den Honigbienen und Hummeln) ihren Stachel
im Laufe der Evolution reduziert haben.

1 Im Gegensatz zu Pheromonen, die als chemische Signale innerhalb
einer Spezies wirken, agieren Allelochemikalien iber Artgrenzen
hinweg.
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Ebene geeignet. Die Mandibeldriisensekrete der
untersuchten Arten zeigten niemals anlockende
Wirkung, weder an der Futterquelle, noch am Weg
zwischen Nest und Futterquelle. Vielmehr 1osten
Mandibeldriisensekrete ~ in ~ den  genannten
Situationen stets defensives und aggressives
Verhalten aus. Deshalb kann nun, zusammen mit
den davor erhobenen und wichtigen Erkenntnissen
von Stefan Jarau und Kollegen (Jarau 2003, Jarau et
al. 2004, Jarau et al. 2006) mit guter Sicherheit der
fast flinfzig Jahre lang bestehende Irrtum (siehe
Kapitel II), Meliponen niitzten Mandibeldriisen-
sekrete zur Duftpfadlegung, ausgeschlos-sen
werden.

Speichel als Spurpheromontriger

Dass die Absetzung attraktiver und zu Futterquellen
hinfithrender Duftmarken bei Meliponen vor allem
durch Speichel der Arbeiterinnen gewdhrleistet
wird, zeigten Untersuchungen an T. spinipes (siehe
Kapitel III): Extrakte (Pentan als Losungsmittel) der
speichelbildenden Labialdriisen enthielten vor allem
eine Hauptsubstanz: Octylsaure-octylester (~ 74%
der unpolaren und volatilen Anteile bei
gaschromatografischen Analysen; siehe auch Kapitel
III). Dieser Ester lief sich weder in den
Mandibeldriisen, noch in den Hypopharynxdriisen
nachweisen. Wohl aber wurde Octylsdure-octylester
auf kiinstlichen Futterquellen gefunden, die davor
haufig von Arbeiterinnen besucht und chemisch
markiert wurden. Mittels Auftragen von Octylsdure-
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octylester an zuvor unbesuchten und unbedufteten
Substraten und Futterquellen konnte erfolgreich
Duftspurfolgeverhalten zu diesen ausgelost werden.
Neulinge flogen gleichzeitig angebotene
Futterquellen zu gleichen Anteilen an, wenn eine
von ihnen mit Labialdriisenextrakt, die andere mit
gleichen Anteilen an kiinstlichem Octylsdure-
octylester  beduftet =~ wurden. Daraus kann
geschlossen werden, dass Octyl-octanoat ein
Einzelkomponentenpheromon  bei T.  spinipes
Arbeiterinnen darstellt. Jedenfalls handelt es sich mit
grofier Sicherheit um die mit Abstand wichtigste
Komponente  des  Duftspurpheromons  der
letztgenannten Art. Diese Figenschaft und die
Tatsache, dass T. spinipes eine haufig vorkommende
Meliponenart darstellt, macht sie zu einem
besonders geeigneten Studienobjekt zur
Untersuchung von  Duftspurpheromonfolgever-
halten bei tagaktiven und flugfahigen Insekten.

Kommunikation — und  Orientierung  mit  Hilfe
substratgebundener Duftpfade

Das Anlegen von Duftpfaden (substratgebundene
Duftspuren!?> mit berticksichtigenswerter Lange in
Richtung des fiir den Sender anzeigungswerten
Zieles) zu Futterquellen bei flugfdhigen Organismen

12 Der von mir hier eingebrachte kleine und feine, aber fiir bestimmte
Fragestellungen der Kommunikation, Orientierung und ,,Navigation“
sehr bedeutsam erscheinende Unterschied zwischen Duftspuren und
Duftpfaden wird im Kapitel 1V naher betrachtet. Leider wird in bisher
publizierten Arbeiten meines Wissens, kaum oder zu wenig auf diese
Unterschiede eingegangen.
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scheint in der Natur duflerst selten vorzukommen.
Bei Meliponen wurde ein solches Verhalten bei
manchen Arten beobachtet, allen voran bei Arten der
Gattung Scaptotrigona. ~ Uber fiinfzig Jahre alte
Versuche (Lindauer und Kerr 1958) stellen bis jetzt
die wichtigsten Beobachtungen dar. Da wahrend der
damaligen Versuche an einem Teich Scaptotrigona
ausschliefflich dann Neulinge erfolgreich zu
Ressourcen rekrutieren konnte, wenn
Duftpfadlegung zwischen Nest und Ressource
moglich war, wurde bis zu den nun vorliegenden
Versuchen angenommen, dass diese Duftpfade fiir
die Rekrutierung unverzichtbar sind (Alcock 2005).
Diese Tatsache ist unter anderem deshalb von
Bedeutung, weil angenommen wurde (Kerr 1969),
dass der in den Neotropen beobachtete
Artenreichtum der Gattung Scaptotrigona durch die
oben genannte Umstinde erkldrt werden konnte.
Jedes Duftpfadhindernis, wie z. B. Fliisse, wiirde
demnach zur Artbildung durch geografische
Isolation beitragen. Auflerdem konnten dhnlich vom
Nest isolierte Bliitentrachten weniger effizient von
einer Kolonie bestaubt werden. Die in der
vorliegenden Arbeit prasentierten Versuchsdaten
zeigen jedoch, dass solche oder &hnliche
Einschrankungen weder fiir die duftpfadlegende
Scaptotrigona noch fiir Trigona gelten: Sowohl S. aff.
depilis und S. postica, als auch T. spinipes waren in der
Lage, trotz fehlender Duftpfade erfolgreich Neulinge
zu rekrutieren (Kapitel IV). Duftpfade erfiillen bei
Meliponen dennoch eine Funktion: Sammlerinnen
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konnen durch Duftpfade einen Lenkungseffekt
erzielen, indem sie die Wahrscheinlichkeit einer
Rekrutierung zu einer durch einen Duftpfad
angezeigten Futterquelle erhohen, ohne aber die
Rekrutierung zu duftpfadlosen Ressourcen zu
verhindern. Die dazu angestellten Versuche (Kapitel
IV) zeigten, dass bei gleichzeitiger Rekrutierung zu
zwei verschiedenen Futterquellen diejenige starker
von Neulingen angeflogen wurde, zu der ein
Duftpfad fiihrte.

Eine weitere Meliponenart’®, die Duftspuren zu
Futterquellen hinterlasst, ist Trigona recursa Smith
1863. Zu dieser Art konnten auf Versuchen
basierende (Kapitel Va) Hinweise gefunden werden,
dass sich ihre Duftspuren auf bisher wenig
untersuchte Aspekte der Sammeltdtigkeit auswirken
konnten. So wurde stets zu jener von zwei
gleichzeitig angebotenen Futterquellen starker
rekrutiert (Anzahl der Neulinge pro Zeit), welche
bereits lianger von Sammlerinnen einer Kolonie
besucht wurden, auch wenn sie wesentlich weniger
profitables Zuckerwasser enthielten. Bei
gleichzeitigem Sammel- und Rekrutierungsbeginn
wurde, wie man allgemein erwarten wiirde, stiarker
zur profitableren Futterquelle rekrutiert. T. recursa
scheint demnach, &hnlich den duftspurlegenden
Ameisen, durch ihren Rekrutierungs- und

3 Die nun folgenden Ergebnisse und daraus gezogenen Schliisse
beziehen sich vor allem auf Arbeiten, in welche ich als Koautor
mitwirkte (siehe die im Kapitel V vorgestellten
Publikationszusammenfassungen).
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Kommunikationsmechanismus mittels Duftspuren
gepragt und in gewisser Hinsicht in der Flexibilitat
ihrer Entscheidungen beziiglich des bevorzugten
Rekrutierungsortes auf Kolonie- beziehungsweise
Superorganismusebene eingeschrankt. Die bisher
bestehende Literatur stimmt mit der oben
ausgefithrten = Hypothese iiberein: Eine von
Biesmeijer und Ermers (1999) untersuchte
Meliponenart (Melipona fasciata), die keine Duftpfade
anlegt, sowie die als ebenfalls nicht duftpfadlegend
bekannten Honigbienen (Apis mellifera) zeigten eine
hohe Flexibilitat in der Entscheidung tiber die Wahl
verschieden profitabler Futterquellen: Anders als bei
der dufptfadlegenden T. recursa wechselten Melipona
fasciata und Apis mellifera  stets  zur jeweils
profitableren =~ Futterquelle,  unabhdngig  von
Sammeldauer und Sammelbeginn (Seeley 1997;
Biesmeijer 1997; Biesmeijer und Ermers 1999).

Aspekte intranidaler Kommunikation

Der Schwerpunkt der nun vorgestellten Erkenntnisse
liegt bei der intranidalen'* Rekrutierungs-
kommunikation. Es geht um mogliche Hinweise und
Signale im Nest. Jene Meliponen, die keine
Duftpfade zu Futterquellen nutzen (z. B. Arten der
Gattung Melipona, Nannotrigona) miissen dennoch
mittels Signalen auf Ressourcen auflerhalb des
Nestes aufmerksam machen. Wie bereits bei

¥ Intranidal = innerhalb des Nests
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Melipona® gezeigt (Hrncir 2003, Hrncir 2004), konnte
bei  Nannotrigona ~ die  Futterqualitit  die
Thoraxvibrationen wahrend des Rekrutierungs-
verhaltens im Nest beeinflussen. Tatsachlich konnten
dhnliche Anderungen im intranidalen
Rekrutierungsverhaltensmuster wie bei Melipona
aufgezeigt werden (Kapitel Vb). So stiegen mit der
Profitabilitat der Futterquelle die mit erfolgreicher
Rekrutierung im Zusammenhang stehende Anzahl
der Rempelkontakte sowie die Pulsdauer der
Thoraxvibrationen wéahrend der Futterabgabe.
Welche Sensorische Kanidle spielen bei der
Rekrutierung von Arbeiterinnen bei Meliponen
wirklich eine Rolle? Um diese Frage vollstandig und
stichfest beantworten zu konnen, fehlten und fehlen
noch einige Untersuchungsschritte. So galt es
herauszufinden, welche Anteile der wahrend des
Rekrutierungsverhaltens  auftretenden = Thorax-
vibrationen tatsdchlich von den Empfangern genutzt
und als biologisch relevant eingestuft werden
konnen (Kapitel Vc-e). In der Literatur wurde bis vor
kurzem nicht an die Moglichkeit gedacht, dass
Bienen die Thoraxvibrationen tiber direkten
Korperkontakt wahrnehmen und als
Rekrutierungssignal auswerten konnten. Wie sich
herausstellte (Kapitel Vc), werden Rekrutierungs-
kandidatinnen bei Melipona von den rekrutierenden
und futterspendenden Bienen wahrend der

' Melipona wurde von allen Meliponen beziiglich der oben
genannten intranidalen Aspekte mit Abstand am besten
untersucht (Nieh et al. 2004, Barth et al. 2008).
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Futteriibergabe  (Trophallaxis) in  Vibrationen
versetzt. Die Ubertragung der Vibrationen iiber
direkten Korperkontakt war wesentlich effektiver als
tiber das Substrat zwischen den Bienen. So betrug
die Geschwindigkeits-amplitude (mm/s) der am
Thorax des Empfangers gemessenen Vibrationen bei
direktem Korperkontakt im Durchschnitt immerhin
noch etwas mehr als 12% des am Thorax des Senders
gemessenen Wertes. Am Substrat zwischen Sender
und Empfanger konnten dagegen im Durchschnitt
nur mehr 0,5% der Geschwindigkeitsamplitude
gemessen werden (Kapitel Vc).

Neben der letztgenannten Signaliibertragungs-
moglichkeit durch Vibrationen konnte die
Rekrutierungssignalempfangerin auch den durch die
Vibrationen hervorgerufenen Luftschall nutzen. Da
alle bisherigen Untersuchungen (Hrncir et al. 2006)
darauf hindeuten, dass Bienen statt des
Schallwechseldrucks die  Schallschnelle  wahr-
nehmen, musste erst eine entsprechende
Mefimethode entwickelt werden. Die effiziente
Messung der Schallschnelle (Kapitel Ve) gelang erst
durch das Festhalten einer Biene (Kapitel Vd) mit
Hilfe einer ,Halsschlinge” (Befestigung der Schlinge
zwischen Kopf und Thorax). Die hochsten
Schallschnelleamplituden wurden {iiber den Fliigeln
in der vertikal orientierten (dorsoventrale Achse)
Schwingungsrichtung gemessen (Amplitudenwerte
um 16 mm/s; hier wie sonst: bei Messungen 5 mm
Mindestabstand zur Biene). Horizontal um eine
Biene herum wurden die hochsten Werte vor dem
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Bienenkopf gemessen (horizontale Schwingungs-
richtung: 9 mm/s). Der Schallwechseldruck im
Umfeld der Biene schwankte bei 5 mm Abstand zu
Biene und Substrat zwischen 200 und 400 mPa
(Kapitel Ve). Ein so genannter ,jet airflow”!¢, der bei
Apis mellifera  in caudaler Richtung angenommen
wird (Michelsen 2003), wurde bei Melipona scutellaris
nicht gefunden (Kapitel Ve). Dies konnte mit der
unterschiedlichen Stellung der Fliigel, die wahrend
der Thoraxvibrationen bei Apis mellifera (Fliigel leicht
gespreizt; Michelsen 2003) und Melipona sp. (alle
bisher untersuchten Arten hielten die Fliigel
meistens in geschlossener Ruhestellung) auftreten,
zusammenhdngen.

Schlieslich wurde das fiir die Schallperzeption
relevante Verhalten von M. scutellaris Bienen
wahrend der Rekrutierung ndher untersucht.
Achtzig Prozent jener Bienen, die mit -einer
rekrutierenden Biene Trophallaxis durchfiihrten,
hielten einen Abstand” unter 5mm zur
rekrutierenden Biene. Vorausgesetzt, Melipona
besitzt ein fiir Schallschnelle mindestens genauso
sensibles Johnston’sches Organ wie Apis mellifera’, so
sollten die Empfangerbienen den Schall noch bis zu
einer Entfernung von etwa 2 cm wahrnehmen
konnen.

16 jetairflow* (engl.) =, Lufstromungsstrahl“ (dt.)

7 Dieser Abstand geht oft auch, wenn auch nur kurzweilig, in direkten
Korperkontakt ber (Antennen beriihren die Kérperoberflache der
rekrutierenden Biene).

18 Die Reizschwelle liegt nach Tsujiuchi et al. (2007) bei einer
Schallpartikelelongation von etwa 60 nm (resultierende Schallschnelle
bei 750 Hz: ~ 0.3 mm/s). .
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