Downloaded from http://rspb.royalsocietypublishing.org/ on January 15, 2015

PROCEEDINGS B

rsph.royalsocietypublishing.org

Research CroseMark

click for updates

Cite this article: Battesti M, Pasquaretta C,
Moreno C, Teseo S, Joly D, Klensch E, Petit O,
Sueur C, Mery F. 2015 Ecology of information:
social transmission dynamics within groups
of non-social insects. Proc. R. Soc. B 282:
20142480.
http://dx.doi.org/10.1098/rspb.2014.2480

Received: 9 October 2014
Accepted: 11 December 2014

Subject Areas:
behaviour, ecology, evolution

Keywords:
social learning, social interaction, information,
Drosophila, oviposition

Author for correspondence:
Frederic Mery
e-mail: frederic.mery@legs.cnrs-gif.fr

"These authors contributed equally to this
study.

THE ROYAL SOCIETY

PUBLISHING

Ecology of information: social
transmission dynamics within groups
of non-social insects

Marine Battesti’21, Cristian Pasquaretta®**, Celine Moreno?,
Serafino Teseo"2, Dominique Joly'2, Elizabeth Klensch®#, Odile Petit®#,
Cedric Sueur>* and Frederic Mery'?

!Laboratoire Evolution, Génomes et Spéciation, UPR9034 CNRS, bat 13 avenue de la Terrasse,
91198 Gif-sur-Yvette Cedex, France

2Département de Biologie, Université Paris-Sud, 91405 Orsay Cedex, France

3Département Ecologie, Physiologie et Ethologie, Centre National de la Recherche Scientifique,
Strashourg, France

Hnstitut Pluridisciplinaire Hubert Curien, Université de Strashourg, Strasbourg, France

While many studies focus on how animals use public information, the
dynamics of information spread and maintenance within groups, i.e. the ‘ecol-
ogy of information’, have received little attention. Here we use fruitflies trained
to lay eggs on specific substrates to implement information into groups contain-
ing both trained and untrained individuals. We quantify inter-individual
interactions and then measure the spread of oviposition preference with behav-
ioural tests. Untrained individuals increase their interactive approaches in the
presence of trained individuals, and the oviposition preference transmission
is directly proportional to how much trained and untrained individuals inter-
act. Unexpectedly, the preference of trained individuals to their trained
oviposition substrate decreases after interactions with untrained individuals,
leading to an overall informational loss. This shows that social learning alone
is not enough to support informational stability.

1. Introduction

Within the last 20 years, a consistent volume of research has been devoted to under-
standing how animals use social information, i.e. how they learn socially from other
animals to perform fundamental biological functions. Much of the existing research
on social learning (usually defined as ‘learning that is influenced by observation of,
or interaction with, another animal or its products’ [1]) has addressed its underlying
neural structures, or investigated its genetic, physiological and behavioural bases
[2-5]. In behavioural ecology, social learning is often studied from an individual-
to-group perspective. Many studies have explored the adaptive consequences of
individual public information use within social contexts, whether receiving
public information increases fitness of individuals. Several studies have also inves-
tigated the social learning mechanisms and the influence of social dynamics on the
spread of information within groups (reviewed in [6—9]). Only a few studies have
focused on the real object of social learning—the information itself—and how the
information exchange influences behaviours of both informed and uninformed
individuals during and after the transfer process. The ‘ecology of information’
[10], defined here as the dynamics of information transfer and maintenance
within animal groups, with their ecological and evolutionary causes and
consequences, has indeed received little attention.

Social learning has been studied in several taxa, ranging from insects to
humans, including fish, birds and mammals. Most evidence of social learning
in insects comes from studies of Hymenoptera [11,12], but there has been little
research in other insect groups. Recent evidence shows that even non-eusocial
insects such as Drosophila fruitflies can also copy the behaviour of conspecifics
[13-16]. While it is generally accepted that information can pass from an

© 2015 The Author(s) Published by the Royal Society. Al rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1098/rspb.2014.2480&domain=pdf&date_stamp=2015-01-14
mailto:frederic.mery@legs.cnrs-gif.fr
http://rspb.royalsocietypublishing.org/

Downloaded from http://rspb.royalsocietypublishing.org/ on January 15, 2015

animal a (the social demonstrator, i.e. an informed individual)
to an animal b (the social learner, i.e. an uninformed individ-
ual) via direct or indirect interactions, there is a general lack
of attention to the informational transfer itself. In particular,
while most studies implicitly define social learning as a uni-
directional, intransitive process, it is a matter of fact that
social information can flow not only from a demonstrator to
a learner but also from a learner to a demonstrator. Investi-
gating social learning as a mutual exchange of information
might open novel interesting scenarios connecting behaviour,
ecology and evolution.

In this study, we use a well-studied animal model, the fruit
fly Drosophila melanogaster, to explore how the dynamics of
information spread may influence the behavioural ecology
of groups and populations. In D. melanogaster, individuals
aggregate on decaying fruit, on which most of the reproductive
functions occur, i.e. mating and egg-laying. These aggrega-
tions, although to some extent ephemeral, allow individuals
to interact. In a previous study, we showed that D. melanogaster
can copy the behaviour of conspecifics [14]. In particular,
oviposition site preference can spread from trained female
flies to untrained naive ones by direct interactions. Here we
analyse the frequency and pattern of interactions among flies.
Using a video-tracking system, we quantify interactions
within mixed groups of trained and untrained females and
determine the impact of interactions on the social transmission
of oviposition site preference. We then compare fly behaviour
in mixed groups to two control groups composed of either
only trained or only untrained females. Finally, we combine
the video-tracking of interactions with the test of oviposition
choice in both trained and untrained flies. Our results highlight
the link between individual behaviour, group composition
and the general outcome of the transfer of information about
oviposition site preference.

2. Material and methods

(a) Fly stocks and maintenance

Flies came from a D. melanogaster strain collected in central France
in 2009 and had been raised since then in the laboratory on stan-
dard axenic medium in a 12 L : 12 D cycle at 21°C. The
experiments were performed at 23°C in constant light. Five-day-
old female flies kept with males of the same age were sexed
under ice anaesthesia 6 h before the beginning of each experiment.

(b) General procedure

The experiment consisted of three treatments: untrained (UT, N =
19), trained (T, N = 20) and untrained + trained (UT + T, N = 49).
The UT treatment groups were composed of 12 untrained naive
female flies. The T treatment groups were composed of 12 trained
flies. The UT + T treatment groups were composed of eight trained
flies and four naive untrained flies. In each treatment group, four
flies were partially wing-clipped and the other eight were left
intact in order to differentiate untrained from trained flies. Note
that control groups of the UT and T treatments were also composed
of intact and partially wing-clipped flies. We did not find any be-
havioural difference between partially wing-clipped and intact
flies in these treatments. The experiment included three phases:
(i) a conditioning phase in which some females were conditioned
to prefer either banana- or strawberry-flavoured egg-laying
medium (trained females), (ii) an interaction phase during which
we video-tracked the interactions among trained and / or untrained
females, and (iii) a test phase during which both trained and

untrained females were tested for oviposition site choice; each n

group’s oviposition site preference was quantified by comparing
the number of eggs laid on each medium.

(c) Conditioning phase

Some individuals were conditioned to prefer one of two egg-laying
media (strawberry or banana), immediately before they were
allowed to interact in the transmission phase. We call these ‘trained”
individuals. To perform the conditioning, we introduced groups of
four or eight females into a 120 x 50 x 90 mm plastic cage and left
them for 8 h with the choice between two oviposition media (3 ml
contained in 30 mm diameter Petri dishes with 20 g 17! of sucrose,
10g1" of agar and 6mll " of artificial banana or strawberry
flavours, la Gazignaire SA). One of the two media also contained
quinine (3 g 1°"), an aversive gustatory stimulus. In the T treatment,
the two subgroups of eight and four flies were separately trained to
avoid the same flavoured oviposition medium before being placed
together during the interaction phase. In T and UT + T treatments,
50% of the replicates had quinine in the banana-flavoured medium
and 50% had quinine in the strawberry-flavoured medium. During
the 8 h conditioning phase, untrained individuals were placed
in tubes with standard axenic medium. In the UT treatment, the
two subgroups of eight and four flies were kept in different
tubes. Thus, at the beginning of each interaction phase and in all
treatments, the groups of 12 flies were always composed of two
subgroups that had never previously met. This allowed us to con-
trol for potential behavioural bias when flies interacted with
other ‘unknown’ flies.

(d) Interaction phase

In each treatment, the two subgroup of flies were introduced
together in a semi-opaque white polyoxymethylene (Delrin) arena
(diameter 100 mm; height 3 mm) covered with transparent Plexiglas
for 4 h (design based on previous work by Simon & Dickinson [17]).
Our experimental design allowed us to simultaneously track four
groups of 12 flies over the 4 h. The tracking apparatus consisted of
four synchronized firewire cameras (Guppy pro, Allied Vision Tech-
nologies), each filming one interaction arena which was backlit by a
150 x 150 mm IR backlight (R&D vision). We used vision software
to analyse spatial data (open-source C-trax 0.3.7 [18]) that allowed us
to collect 10 positions per second for each fly over 4 h video exper-
iments. Tracking corrections were made post C-trax analysis with
Fixerrors toolbox 0.2.11 using MAtLAB software v. 7.11.0 to suppress
swaps between individuals.

(e) Test phase

After filming the flies for 4 h during the interaction phase, we gently
removed them from the arena and introduced them into a plastic
cage containing both flavoured oviposition media (with no quinine)
to test for their oviposition preference. During this last 4 h phase,
we maintained groups of 12 flies together in the T and UT treat-
ments. In the UT + T treatment, untrained and trained flies were
tested in two different cages to quantify their respective oviposition
site preference. At the end of the test phase, we counted the number
of eggs laid on each medium and calculated the proportion of eggs
laid on the ‘right’ medium (the one that the trained flies had been
conditioned to prefer). On average, groups of flies (N = 143) laid
90 + 5 eggs on the Petri dishes during this phase.

(f) Social interactions analysis

We developed an automated code using the R software (v. 3.0.3, R
Development Core Team 2014, http://www.r-project.org/) to
identify the interactions among individuals based on the proximity
between flies and the duration of contact between them (code
available upon request). The first 15 min of video recording was
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not included in the analysis to remove the impact of initial disturb-
ance on the flies. We first calculated the distances among all
individuals in the arena at each position, and we then detected
the interactions by setting up a spatial and temporal constraint to
the data. Criteria for defining an interaction (body contact) were
satisfied if (i) the distance between the centres of two individuals
was smaller than or equal to 1.1 mean body lengths of the individ-
uals and (ii) the time spent at this minimum threshold distance
lasted at least five time frames (0.5 s), independent of the fly’s
orientation. These parameters were chosen after repeated careful
direct observation of different videos and distribution of distance
among flies. Instantaneous fly speed was calculated using the
distance moved by a fly over four time frames (0.4 s).

(g) Statistical analysis

All analyses were done using R software. We calculated the total
number of interactions for each video and compared the values
among T, UT and T + UT treatments using a Student’s t-test.
The same statistic was used to test for the occurrence of assorta-
tive interactions between fly types, using the proportion of
interactions that took place among trained flies, untrained flies
and between trained and untrained flies, weighting for their fre-
quency. Assortative interactions would be considered when the
proportion of interactions between two types of flies deviate
from a hypergeometric distribution (probability of T-T
interactions = 0.42; probability of UT-UT interactions = 0.1;
probability of UT-T interactions = 0.48). Comparison of the
locomotion velocity of the different type of flies among treat-
ments was done using Student’s t-test. The relationships
between flies’” interaction during the transmission phase and
the proportion of eggs laid on the right medium (performance)
during the test phase in the T and UT + T treatments were ana-
lysed using a generalized linear model (GLM) for proportional
data with binomial error distribution and ‘Probit” link function.

3. Results

During the test phase, untrained flies tended to preferentially
lay eggs on the oviposition medium preferred by the trained
flies with whom they interacted in the UT + T treatment
(proportion of eggs laid on the right medium during test
phase by untrained flies: mean=0.63 + 0.052, N =49;
Wilcoxon signed-rank test on the number of eggs laid on the
right versus wrong medium: z = —2.59, p = 0.009).

The total number of interactions per group was similar in
groups of all trained or all untrained flies (t = —0.41, p = 0.68;
figure 1), suggesting that the ‘internal state” of the fly (trained
versus untrained) does not affect social interactions. However,
in the mixed groups of the UT +- T treatment, we observed a sig-
nificant increase in the total number of interactions among flies
compared with the T or UT treatments (UT + T versus T flies:
p=10.021; UT 4 T versus UT flies: p = 0.011; figure 1). In the
UT + T treatment, untrained flies were disproportionately
more engaged into social interactions than were trained individ-
uals compared with expected values (figure 2). This was not
due to wing-clipped versus non-clipped flies as the proportion
of interaction between these types of flies in the T or the UT
treatment did not deviate from random association (proportion
of interaction between wing-clipped and non-clipped flies: UT:
0.485 4 0.01; T: 0.49 4+ 0.013). The social context thus had a
strong impact on the behaviour of the flies. Interestingly
untrained fly locomotion, defined as the average instant
speed with which they moved during the interaction phase,
was strongly higher in the UT+ T treatment (mean=
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Figure 1. Total number of interactions in UT + T treatment differs from con-
trol treatments. The mean number of interactions and its standard error for
each treatment type are presented: all trained individuals (T; N = 19), all
untrained individuals (UT; N = 20) and eight trained + four untrained
individuals (UT + T; N = 49). *p < 0.05, t-test.
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Figure 2. Proportion of interactions among trained and untrained flies
during transmission phase in UT + T treatment. Black bars represent the
observed proportion of interactions between untrained and untrained
flies, untrained and trained flies or trained and trained flies (N = 49).
Error bars are standard errors of the mean. White bars present the theor-
etical probability of encounter assuming hypergeometric distribution.
By <1073, #p < 0.01, *p < 0.05, t-test.

0.284 £+ 0.012) compared with the UT treatment (mean =
0.18 + 0.016; t=4.61, p <0.001; figure 3), whereas trained
fly speed did not change between T (mean = 0.230 + 0.017)
and UT+ T treatment (mean = 0.236 + 0.008, = —0.313,
p = 0.75; figure 3).

We then asked whether the number of interactions
between trained and untrained flies in the UT + T treatment
affected their behavioural decision during the subsequent
oviposition test phase. Untrained flies performed better
after more interactions with trained flies. However, trained
flies performed more poorly after more interactions with
untrained flies (performance UT flies: z=7.725, p < 0.001;
performance T flies: z= —23.06, p < 0.001; figure 4). This
translates into a surprising exchange of information between
trained and untrained flies during interactions: information
does not just move from trained to untrained flies, but is
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Figure 3. Untrained fly velocity is higher in UT 4 T treatment compared
with control treatment. Fly velocity (mm s~ ') during the transmission
phase for untrained (black bars) and trained flies (white bars) depending
on the treatment. Error bars represent standard error of the mean.
®p <1073, t-test.
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Figure 4. Interactions between T and UT flies influence their performance
during test phase. In UT 4 T treatment, the proportion of eggs laid on
the right medium (performance) by untrained flies is positively influenced
by the number of interactions with trained flies. On the contrary, trained
flies decrease their performance when interactions with untrained flies
increase. Regression lines of the generalized proportional models are
shown for T (solid line) and UT (dotted line) flies (N = 49).

transferred in both directions. The number of interactions
between trained flies in the T treatment had no influence
on their performance (z = 0.84, p = 0.399).

4. Discussion

In our study, we investigated how interactions correlate with
informational transfer. Our results show (i) that the transfer
of social information in Drosophila mimics a mutual exchange
of information between trained and untrained flies, and
(i) that the number of social interactions depends on the com-
position of groups. This study confirms that social structure
matters and might affect many evolutionary processes such
as cooperation, host—pathogen interactions and information
exchange (see [19] for a review).

Social learning is usually treated as if it was a unidirectional
transfer of information from a social demonstrator (like our

trained flies) to a social learner (like our untrained flies). Never- n

theless, we found here that the performance of trained flies was
affected by the rate of previous interactions with untrained
flies, suggesting that informational exchange is in fact bidirec-
tional. We propose that, during interaction events between
untrained and trained flies, untrained flies acquire olfactory
information carried by trained flies, and at the same time
trained flies receive conflicting information from ‘odourless’
untrained flies. The absence of banana-strawberry cue may
be seen as new information for trained individuals. This may
potentially mimic a form of backward blocking [20] which
has been described in vertebrates but also in invertebrates
such as honeybees [21]. An individual is first trained with a
compound reinforced stimulus (AB+), and then exposed to
A alone in a second phase. If backward blocking occurs, the
effects of B in a third test phase are reduced by the subject’s
experience with A in the second phase. Couvillon et al. [21]
showed that honeybees trained to collect sucrose solution
from targets labelled with a combination of different odours
and then exposed to a single odorant tended to decrease
their response to the other odorant in a following test.

As suggested recently by Giurfa [22], this social trans-
mission event may underlie simple associative processes
where the fruit odorant may act as conditioned stimulus
whereas mated fly carrying it may act as a positive uncondi-
tioned stimulus. When untrained flies interact with trained
ones, the former face simultaneously the conditioned and
the unconditioned stimuli, leading to positive association
and increased preference. By contrast, trained flies face the
unconditioned stimulus alone, or associated with any other
potential odorant adhered to untrained flies, and show later a
weaker response. This may be caused by information interfer-
ence or an unconditioned stimulus postexposure effect, which
have been found to affect the conditioned response in con-
ditioned flavour preference [23,24]. It may also explain why
in the T and UT treatments we did not observe any correlation
between the number of interactions during the interaction
phase and the following proportion of eggs laid on the correct
medium. As all flies probably transferred and received a simi-
lar quantity of information, the informational exchange did not
produce any visible effect on their performance. This dual
information exchange may potentially allow keeping track
of any outside option in particular under heterogeneous
environmental conditions.

Previous studies on social networks have demonstrated
that heterogeneous groups composed of different strains or
genotypes show specific dynamics that are not seen in the
respective homogeneous settings [25]. This may either be
due to genetic differences in how much strains signal and
perceive information, or indicate group level, competitive
responses related to the perception of within-group genetic
heterogeneity [26-28]. Here we extend these findings by
showing that not only genetic heterogeneity, but also diver-
sity in individuals’ experience may lead to variation in
social dynamics. In particular, we suspect that trained flies
may carry useful information related to the oviposition pref-
erence, like for example some phenotypical traits linked with
individual fitness. Untrained flies might detect odorants on
trained flies that also exhibit fitness-related information
about oviposition preference. The resulting two-level infor-
mation possibly triggers an increase of interest in untrained
flies, which finally determines their increase in activity level
that can be observed during the interaction phase.
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Interestingly, our findings also suggest that trained flies
could modulate the information flow within groups or, in
other words, that trained individuals might be able to
decide whether to retain or transmit information. For an
untrained, naive fly, engaging in social interactions would
provide beneficial information. However, for a trained fly,
increasing social interactions would increase information
transfer but decrease its own information level. Transferring
information about oviposition sites could be adaptive for a
trained fly, as larval survival depends on a balance between
resource exploitation and larval competition [29-31]. When
few larvae feed on a natural resource such as decaying
fruit, they cannot optimally exploit the medium, and thus
fail to challenge the development of bacterial and fungal
competitors. On the other hand, when larval density on
food sources is high, there is a deleterious effect of inter-indi-
vidual competition. A relationship between information
transfer and quality of the resource should therefore be adap-
tive. A trained fly would be expected to share its information
about a suboptimal substrate that cannot be exploited by few
larvae (such as its own offspring alone), while signalling an
already optimal substrate would only trigger disadvanta-
geous competition. Clearly, more work is required to better
understand the adaptive value of information transfer.

Our study opens perspectives about the mechanisms
underlying social learning and transmission of information,
at both individual and group level. First, it raises the question
of what benefit trained individuals acquire by signalling or
not their personal information. Then, most importantly, it
shows that the dynamics of the information exchange may
strongly affect the spread and the maintenance of information
within groups. Investigating how the social structure of the
networks evolves with time, particularly in organisms such
as gregarious, non-social insects, may provide further under-
standing on population dynamics in the face of discontinuous
environments, and will shed light on the importance of
non-genetic transmission of information in the evolution
of complex systems.
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5061/dryad.mv5dh.
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