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provided by Apollo
crop pests. More generally, staphylinid 
predominance in many habitats 
implies an important functional role in 
contributing to ecosystem services. 
Their high diversity in intact habitats, 
and the capacity of many species to 
colonize new areas and withstand 
disturbance means the family is 
increasingly used as an indicator taxon 
of ecosystem health. The unexplored 
chemical cache of staphylinids also 
makes the beetles a prospective 
source for novel biomedical 
compounds. A promising candidate 
has come from the aposematically-
coloured Paederus (Figure 1B), a genus 
harbouring haemolymph bacteriocytes 
that synthesize Pederin, a dermatitis-
causing polyketide that also has potent 
antitumor properties. Stenus-derived 
stenusine exerts antimicrobial effects, 
a further role of staphylinid glandular 
secretions that may be widespread, 
and warrants exploration.
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Many corvid species accurately 
remember the locations where they 
have seen others cache food, allowing 
them to pilfer these caches effi ciently 
once the cachers have left the scene 
[1]. To protect their caches, corvids 
employ a suite of different cache-
protection strategies that limit the 
observers’ visual or acoustic access 
to the cache site [2,3]. In cases where 
an observer’s sensory access cannot 
be reduced it has been suggested that 
cachers might be able to minimise the 
risk of pilfering if they avoid caching 
food the observer is most motivated 
to pilfer [4]. In the wild, corvids have 
been reported to pilfer others’ caches 
as soon as possible after the caching 
event [5], such that the cacher might 
benefi t from adjusting its caching 
behaviour according to the observer’s 
current desire. In the current study, 
observers pilfered according to their 
current desire: they preferentially 
pilfered food that they were not 
sated on. Cachers adjusted their 
caching behaviour accordingly: they 
protected their caches by selectively 
caching food that observers were not 
motivated to pilfer. The same cache-
protection behaviour was found when 
cachers could not see on which food 
the observers were sated. Thus, the 
cachers’ ability to  respond to the 
observer’s desire might have been 
driven by the observer’s behaviour at 
the time of caching. 

California scrub-jays (Aphelocoma 
californica) and Eurasian jays (Garrulus 
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glandarius) served as model species 
for the current study. Both species 
are known to engage in a variety of 
cache-protection strategies [1–4,6,7] 
and both have previously been shown 
to be able to disengage from their 
current desire in order to cache food 
they will desire at the time they will 
retrieve their caches [8,9]. Thus, both 
species would appear to have the 
pre-requisites necessary to employ 
a cache-protection strategy that is 
sensitive to another’s desire. 

A cache-protection strategy 
sensitive to an observer’s desire 
is only benefi cial if the observer’s 
current desire infl uences its pilfering 
behaviour. Thus, in a pilfering 
experiment we manipulated the jays’ 
desire by pre-feeding them a particular 
food to induce a decreased desire 
for the pre-fed food (specifi c satiety). 
After pre-feeding, jays could observe 
a human hiding food in a caching tray 
before being able to access that tray. 
The jays participated in three trials, 
each on a separate day. A baseline 
trial in which jays were pre-fed a 
maintenance diet (MD) revealed an 
average preference for pilfering food 
A over food B (see raw data in Table 
S1 in the Supplemental Information). 
A direct comparison between the 
two test trials (jays pre-fed food A or 
food B) showed that this preference 
was infl uenced by the observers’ 
specifi c satiety: the preference for 
pilfering food A over food B relative 
to the baseline was smaller after jays 
had been pre-fed food A than after 
they had been pre-fed food B (n = 16, 
permutation test, Z = –2.61, p < 0.001, 
Cohen’s d = 0.833, Figure 1A). Thus, 
observers pilfer according to their 
current desire such that it would be 
benefi cial for cachers to cache less 
of the food that an observer is most 
motivated to pilfer.

In the caching experiment, cachers 
and observers were tested in adjacent 
compartments. In the seen condition, 
cachers fi rst witnessed observers 
being pre-fed a particular food and 
could subsequently cache both test 
foods in a caching tray. A baseline 
trial (observer pre-fed MD) revealed 
an average preference for caching 
food A over food B (Table S2). A 
direct comparison between the two 
test trials (observer pre-fed food A or 
food B) showed that this preference 
The Author(s). Published by Elsevier Ltd. R51
 (http://creativecommons.org/licenses/by/4.0/).
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Figure 1. Experimental set-up and results.
(A) Experimental set-up in the (i) pilfering experiment and the (ii) seen and (iii) unseen conditions 
of the caching experiment. The black squares denote the testing cages/compartments with mesh 
sides. In the (i) pilfering experiment, the pilferer P was pre-fed one of the three different foods F 
(either maintenance diet, food A or food B) for 15 minutes. Subsequently, the pilferer could ob-
serve the experimenter E cache 8 pieces of food A and food B into the caching tray CT positioned 
just outside the testing cage/compartment. In the test, the caching tray was positioned inside the 
pilferer’s cage/compartment and the bird was given 15 minutes time to pilfer the caches. In the (ii) 
seen condition of the caching experiment, cacher C could see (grey dashed line between cages/
compartments) the observer O being pre-fed different foods (maintenance diet, food A or food 
B) for 15 minutes. Subsequently, the cacher and observer moved compartments as indicated by 
the grey arrows. In the test, the cacher could cache 50 pieces of food A and 50 pieces of food B 
into the caching tray for 15 minutes in sight of the observer (grey dashed line). In the (iii) unseen 
condition of the caching experiment, the observer was pre-fed different foods (either maintenance 
diet, food A or food B) for 15 minutes out of sight of the cacher (black solid line between cages/
compartments). Again, the cacher and observer moved compartments (grey arrows). In the test 
the cacher could cache 50 pieces of food A and 50 pieces of food B into the caching tray for 15 
minutes in sight of the observer (grey dashed line). (B) Mean difference in the number of pieces 
of food A minus number of pieces of food B (i) pilfered when the jays were pre-fed food A (grey 
bars) and when the jays were pre-fed food B (white bars) and cached in the (ii) seen and (iii) un-
seen conditions when the observer was pre-fed food A (grey bars) and when the observer was 
pre-fed food B (white bars). The performance of California scrub-jays and Eurasian jays did not 
differ in any of the experiments, such that data from both species were pooled for all analyses and 
graphs (pilfering experiment: total n = 16; 10 California scrub-jays and 6 Eurasian jays; caching 
experiment: total n = 16, 9 California scrub-jays and 7 Eurasian jays). Values under zero denote 
a decrease in the preference for food A over food B relative to the baseline (pre-fed maintenance 
diet) and values over zero denote an increase in the preference for food A over B relative to the 
baseline. Error bars denote the standard error of the mean. 
was infl uenced by the observer’s 
specifi c satiety: the preference for 
caching food A over food B relative 
to the baseline was larger after the 
observer had been pre-fed food A than 
after the observer had been pre-fed 
food B (n = 16, Z = 1.895, p = 0.006, 
Cohen’s d = –0.521, Figure 1B). Thus, 
the cachers protected their caches 
by selectively caching food that the 
observer currently did not desire.

In the unseen condition of the 
caching experiment, we investigated 
what information led cachers to alter 
their caching behaviour. The procedure 
was identical to before, except that 
cachers did not see what the observer 
had been pre-fed. Here too, cachers 
protected their caches by selectively 
caching food that the observer 
currently did not desire: the preference 
R52 Current Biology 27, R43–R56, January 
for caching food A over food B relative 
to the baseline was larger after the 
observer had been pre-fed food A than 
after the observer had been pre-fed 
food B (n = 16, Z = 2.329, p = 0.003, 
Cohen’s d = –0.693, Figure 1C). The 
caching pattern did not differ between 
the unseen and seen conditions 
(n = 16, Z = –0.731, p = 0.255, Cohen’s 
d = 0.180). Thus, cachers did not 
need to see what the observer ate to 
satiety to employ this particular cache-
protection strategy. Instead, cachers 
might have responded to the observer’s 
behaviour during the caching event. 

These fi ndings have three 
implications. Firstly, cachers decrease 
cache loss not only through limiting 
the observer’s sensory access to 
the caching event, but also through 
preferentially caching items currently 
23, 2017
not desired by the observer. Secondly, 
cache-protection strategies found in 
previous studies have been interpreted 
as being based on the cachers’ 
ability to attribute perspective and 
knowledge-states to the observer 
[2]; in contrast, the current study 
highlights that the evolution of a 
fl exible cache-protection strategy 
might not necessitate a highly 
complex cognitive process like state 
attribution. Finally, the cachers’ 
reliance on the observer’s behaviour 
during the caching event contrasts 
with a recent fi nding, according to 
which the male jays’ ability to adjust 
their food-sharing behaviour to their 
female’s current motivational state 
[10] might be based on desire-state 
attribution. This difference suggests 
that — depending on the context — 
behaviours that are conceptually 
similar might be subserved by 
different cognitive processes. These 
different cognitive processes might 
refl ect differences in the duration 
and quality of social interactions 
across the different contexts. The 
cooperative context of courtship 
might allow prolonged interactions 
between mates and thus provide the 
opportunity to infer desire-states. In 
contrast, in the competitive context of 
caching, cachers might see competing 
conspecifi cs only briefl y, such that 
it might make adaptive sense that 
a capacity to ‘read’ the observer’s 
behaviour during the caching event 
itself should evolve. 

SUPPLEMENTAL INFORMATION

Supplemental information includes 
experimental procedures and two tables and 
can be found with this article online at 
http://dx.doi/org/10.1016/j.cub.2016.11.020.
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Does pupal 
communication 
infl uence 
Wolbachia-mediated 
cytoplasmic 
incompatibility?
Angelo Jacquet, Béatrice Horard, 
and Benjamin Loppin*

Wolbachia are widespread 
endosymbiotic bacteria found 
in terrestrial arthropods and 
fi larial nematodes [1]. In insects, 
Wolbachia generally rely on diverse 
strategies to manipulate their host’s 
reproduction and favor their own 
vertical transmission through infected 
eggs [2]. One such mechanism is a 
sterility syndrome called ‘cytoplasmic 
incompatibility’. Cytoplasmic 
incompatibility occurs at fertilization, 
when a spermatozoon from a 
Wolbachia-infected male fertilizes an 
uninfected egg. In this case, sperm-
derived chromosomes fail to separate 
normally at the fi rst zygotic division, 
thus preventing the development of 
a diploid embryo [3]. Moreover, the 
presence of Wolbachia in females 
rescues the integration of paternal 
chromosomes in the zygote and allows 
the development of a viable, infected 
individual. Although the molecular 
basis of cytoplasmic incompatibility is 
still unknown, a current model implies 
the existence of Wolbachia-induced 
reversible modifi cations on sperm DNA 
or chromatin that must be eliminated 
or neutralized shortly after fertilization 
by rescuing Wolbachia factors present 
in infected eggs [4]. In a recent Current 
Biology paper [5], Stéphanie Pontier 
and François Schweisguth 
recently challenged this model by 
proposing that Wolbachia perturbs 
a pheromone-based communication 
between male and female pupae 
in Drosophila melanogaster and 
Drosophila simulans, which controls 
the “compatibility range” of male 
and female gametes. However, we 
fail to detect any infl uence of pupal 
communication on cytoplasmic 
incompatibility in Drosophila simulans 
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as well as in the parasitoid wasp 
Nasonia vitripennis. Our results thus 
question the robustness of their 
model.

In their study [5], Pontier and 
Schweisguth postulate the existence 
of an intraspecifi c “gamete 
compatibility” system of unknown 
nature, which is controlled by 
a pheromone-based reciprocal 
communication between male and 
female pupae. In this context, the 
authors proposed that Wolbachia 
manipulate gamete compatibility by 
perturbing pheromone communication 
of both females and males [5]. 
In addition, they show that this 
communication also infl uences testis 
development, although the link, if 
any, between this effect and gamete 
compatibility is not established. 

Most of Pontier and Schweisguth’s 
experiments were performed 
in Drosophila melanogaster, a 
species with very low cytoplasmic 
incompatibility, but they also tested 
their model in D. simulans, where 
cytoplasmic incompatibility is much 
more robust, typically causing 
almost 100% embryonic lethality 
in incompatible crosses involving 
young males. Quite remarkably, 
they observed that simply allowing 
D. simulans males to pupate in the 
absence of females signifi cantly 
reduced the level of cytoplasmic 
incompatibility in incompatible crosses, 
by approximately 15%. 

To determine if preventing 
pupal communication also altered 
cytoplasmic incompatibility at the 
cytological level, we attempted to 
reproduce this particular experiment 
in D. simulans. Third instar larvae were 
sexed and male larvae were reared 
individually until emergence, following 
the detailed experimental procedure 
of Pontier and Schweisguth. Individual 
crosses and embryo hatching rate 
measurements were also performed 
as described in their paper. We tested 
the same D. simulans stock used 
in Pontier and Schweisguth (D. sim 
Antibes), which is naturally infected 
with Wolbachia strain wRi [6]. In 
addition, we tested a D. simulans 
stock (ME29) transinfected with 
Wolbachia from D. melanogaster 
(wMel), which also induces strong 
cytoplasmic incompatibility [7]. 
Wolbachia-free versions of both 
, January 23, 2017 © 2016 Elsevier Ltd. R53
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