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Abstract

As a part of our research on the evolution of social learning in insects,
we examined socially influenced behaviour and social learning in desert
locust (Schistocerca gregaria) nymphs and adults. In the nymphs, the only
positive effect we documented was an increased tendency to feed while
in the company of another locust than alone. The adults, on the other
hand, showed significant preference for joining others (local enhance-
ment) in both the contexts of feeding and egg laying. Neither nymphs
nor adults, however, showed social learning. Our preliminary analyses
pointed to locusts as a likely insect that might possess social learning.
Our research, when taken together with research on phase-shifts and
swarm/marching behaviour of gregarious locusts, suggests that the
behavioural dynamics of gregarious locusts may make local enhance-
ment but not social learning beneficial. The possible difference we docu-
mented between the nymphs and adults could enable us to further
explore the proximate and ultimate mechanisms that underlie socially

influenced behaviour.

Introduction

Social learning, defined as learning from others, has
been studied primarily in a few vertebrate taxa and
social bees (von Frisch 1967; Heyes & Galef 1996;
Leadbeater & Chittka 2007; Kendal et al. 2009). We
know little, however, about the prevalence, evolu-
tionary biology and neurogenetic mechanisms of
social learning. Dukas (2010) identified key life-
history traits that would promote the evolution of
social learning. These include parental care, overlap-
ping generations and a social structure that allows
for frequent interactions among conspecifics. These
characteristics provide opportunities for inexperi-
enced individuals to learn from experienced ones.
Based on this premise, Dukas and colleagues (Dukas
& Simpson 2009; Sarin & Dukas 2009) chose two
established insect model systems, fruit flies (Drosoph-
ila melanogaster) and migratory locusts (Locusta migra-
toria) for examining social learning. While we
documented social learning in the context of egg-
laying substrate in fruit flies (Sarin & Dukas 2009),
we failed to document social learning about food in
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migratory locusts (Dukas & Simpson 2009). In fruit
flies (D. melanogaster), social learning in the context
of egg-laying substrates has also been documented
by F. Mery (unpubl. data), who has also reported
social learning in the context of mate choice (Mery
et al. 2009). Neither Auld et al. (2009) nor R. Dukas
(unpubl. data), however, observed mate choice
copying in either D. melanogaster or two other fruit
fly species (D. seratta and D. pseudoobscura).

Our failure to document social learning in migra-
tory locusts (Dukas & Simpson 2009) represents data
from a single population of a single species in the
context of food and thus should not lead one to con-
clude that locusts (family Acrididae, order Orthop-
tera) do not show social learning. Research on
locusts has documented some social interactions
involving the synchronization of movement, feeding
and egg laying in the gregarious form (reviewed in
Pener & Simpson 2009). Thus, even if further
research indicates no social learning in locusts, addi-
tional information on socially influenced behaviour
in locusts may help us understand the evolution of
social learning. Locusts are an especially attractive
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group for research on incipient social learning,
because they have both solitary and gregarious
phases. This means that one can examine the mech-
anisms underlying socially influenced behaviour
through a within-species comparison between the
solitary and gregarious forms (see Anstey et al. 2009;
Ott & Rogers 2010).

Animals are subjected to a variety of social influ-
ences that could affect their propensity to either
perform or learn a given task (Thorpe 1963; Galef
1976; Whiten & Ham 1992; Galef & Giraldeau
2001). We distinguish here among three classes of
social influences. First, social support merely means
that subjects are more likely to perform a task
when in the presence of others than when alone.
This phenomenon is well known in a variety of
species that live in groups [e.g. shoaling fish (Ryer
& Olla 1992)] and most often reflects subjects” stress
when separated from their group (Whiten & Ham
1992). Second, social facilitation and local enhance-
ment mean that subjects’ behaviour is affected by
either the specific behaviour or the exact location
of others. Specifically, social facilitation implies that
subjects are more likely to perform a specific behav-
iour when others perform it than when others do
not, and local enhancement means that subjects are
more likely to visit a site frequented by others than
a site of equal quality that is not used by others.
Finally, social learning involves cases where an
individual (observer) acquires new information
through interaction with either another individual
(model) or cues left by that individual. The new
information learned may include individuals other
than the model, other biotic entities (e.g. prey,
predators or competitors) or physical factors (e.g.
shelter or nutrients). Of the three categories of
socially influenced behaviour just described, only
the last one (social learning) explicitly involves
learning.

To broaden our knowledge of social effects on
behaviour in locusts, we extended our analyses to
another key model species from the same family
(Acrididae), the desert locust (Schistocerca gregaria). In
addition to testing for individual and social learning
in fifth-instar nymphs as Dukas & Simpson (2009)
did with migratory locusts (L. migratoria), we ex-
panded the scope of this work to (1) search for
evidence of possible evolutionary precursors to social
learning (e.g. local enhancement), (2) investigate
multiple life stages, (3) account for possible con-
founding/masking effects of synthetic diet and (4)
investigate multiple behavioural contexts (i.e. feed-
ing and egg laying).
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General Methods

In all the experiments, we used either newly moulted
fifth-instar nymphs or sexually mature adult females
taken from a gregarious laboratory population of des-
ert locusts (S. gregaria) and fed on wheat seedlings
and wheat germ in 46 x 29 x 30 cm plastic contain-
ers under a 14:10 light/dark cycle. Incandescent light
bulbs above the containers allowed the locusts to
thermoregulate at their preferred temperature
between 30 and 40°C. In addition to wheat seedlings,
we used in the experiments two novel food types.
The synthetic diet was based on the recipe in Simp-
son & Abisgold (1985). To create two novel diets, we
mixed the synthetic food powder with either 2% by
weight cinnamon or 2% by weight cumin. Prelimin-
ary experiments showed no significant difference in
the proportion of time the nymphs spent feeding on
the cinnamon and cumin-flavoured food (binomial
test, p = 0.845, N = 26). Although nymphs willingly
consumed the synthetic diet, many adult locusts
avoided it. Hence, we used in some of the experi-
ments novel plant diets consisting of thin slices of
carrot (Daucus carota) and cabbage (Brassica oleracea).

All the experiments involved removing locusts
from the colony for a day of habituation followed by
training and testing. During the habituation period,
the nymphs fed on a plain synthetic diet, and the
adults fed on wheat seedlings. Unless otherwise
stated, we used 16 x 12 x 10 cm (length x width x
height) clear plastic cages with wire-screen covers
for training and testing. The boxes contained a water
dish and a perch next to an incandescent light bulb,
which provided heat. In the experiments involving
either a food dish or models located at one side of
the cage during training, we randomized the location
of models and food dishes within each cage (either
left or right), which consistently had no significant
effects on food preference. For brevity, we do not
discuss location further. All the behavioural record-
ings during the tests were conducted by an observer
blind to locust experience. Because all experiments
but one (social support) involved choices between
two options, the data were not normally distributed,
and we thus used non-parametric statistics.

Individual Learning

Locusts show excellent individual learning (Bernays
1995; Dukas & Bernays 2000; Behmer et al. 2005),
so we began by verifying that locusts from our popu-
lation can show robust individual learning in our
experimental settings.
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Methods

Nymphs

On day 1, we placed the nymphs in pairs inside the
cages, where they fed on plain synthetic diet for
24 h. The nymphs were placed in pairs to encourage
feeding during the training phase (see below). To
differentiate between the nymphs, we marked one
of the nymphs with a dot of white paint (Dukas &
Simpson 2009). On day 2 at 0800 hours, we
removed the food from the cages for a 2-h food
deprivation period. At 1000 hours, we placed one
food dish in each cage for a 2-h training period. Half
the nymphs received cinnamon-flavoured food in a
green petri dish and the other half received cumin-
flavoured food in a brown petri dish. At 1200 hours,
we placed each nymph alone in a cage for a 4-h
food deprivation period. At 1600 hours, we placed
two food dishes inside each cage, one green with
cinnamon-flavoured food and the other brown with
cumin-flavoured food. The dish locations in the test
matched the locations experienced by each nymph,
so they could identify the food they experienced by
location, colour and flavour. We recorded the time
the nymphs spent feeding at each food dish during
the 1-h test period. All but two of the 40 nymphs
fed during the training period, and all the remainder
38 nymphs fed during the test.

Adults

The protocol was similar to the one used with the
nymphs except that we used carrot and cabbage as
food and the training phase was shortened to 30 min
because the adults fed in much shorter bouts and
had the same number of feeding bouts in 30 min as
nymphs had in 2 h. All but one of the 40 adults fed
during the training period. Of the remainder 39
adults, only 32 individuals fed during the test.

Results

Both the nymphs and adults showed a significant
preference for the novel food they experienced in
the training period (Mann-Whitney U-test: Usg =
47.5, p<0.005 and Us, =187, p < 0.05 for the
nymphs and adults, respectively; Fig. 1a).

Social Support

Our incidental observations suggested that locusts
fed more readily while in the presence of others
than alone. We thus quantitatively characterized the
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Fig. 1: (a) Individual learning. The average (+1 SE) proportion of time
locusts spent feeding on the food they previously experienced
(Nnymphs = 38, Naguis = 32). The nymphs were trained on either cinna-
mon- or cumin-flavoured synthetic food and the adults were trained
on either cabbage or carrot. The stars indicate p < 0.05 and the bro-
ken line shows the expected random choice. (b) Social support. The
average (+1 SE) feeding latency of nymphs that were either paired
with another nymph or placed alone in the cage (n = 59).

influence of conspecific presence on feeding via a
controlled experiment.

Methods

The general protocol was similar to that mentioned
above except that there was no training. Rather, we
placed focal nymphs of the solitary treatment one
per cage and focals of the social treatment each with
another nymph marked with a white dot. All the
cages contained a novel cinnamon-flavoured food,
and we recorded the feeding latencies of the focals
(N =59) for up to 2 h.

Results

The feeding latency was significantly shorter for
focals in the social than solitary condition (ANOVA:
F\ 57 = 13.5, p < 0.005; Fig. 1b).

Local Enhancement
Our next step was to examine stronger social influ-

ences on behaviour involving a simple tendency to
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join others, a preference to feed with others and a
propensity to lay eggs next to others. Previous experi-
ments on local enhancement in S. gregaria have been
inconclusive. Roessingh et al. (1993) suggested that
gregarious nymphs tend to join others while Sword
(2003) found no such preference. The literature on
egg laying, while also inconsistent (Pener & Simpson
2009), suggests that gregarious females prefer to lay
eggs next to either other females or egg pods (Norris
1963; Saini et al. 1995).

Methods

Nymphs

We conducted three experiments testing nymphs’
preference to join others under three scenarios. The
first experiment involved no food, the second
included synthetic food and the third had wheat
seedlings. In the first experiment (no food), we used
35 X 23 X 14 cm clear plastic boxes with wire-screen
chambers at each far edge. Marked lines divided the
centre chamber into three equal sections. Incandes-
cent light bulbs at both edges provided heat, so we
expected the focals to move from their initial centre
position to one of the wire-screen edges (Fig. 2a).
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We introduced five models into one of the chambers
and kept the other chamber empty. Half the cages
had models on the right and the other half on the
left. After a 10-min habituation period, we intro-
duced one focal inside a vial into the centre of each
cage. We allowed the focals to habituate for 2 min
and then removed the vials’ lids. For the following
20 min, we recorded each focal’s location and later
calculated the proportion of time each focal spent in
the section of the cage close to the models over the
time spent in the two sections adjacent to the screen
chambers (Fig. 2a).

In the second experiment (synthetic food), the
set-up was similar to the one in Fig. 2b, with each
cage having two wire screen chambers at the two far
corners. Each cage had two 35-mm petri dishes con-
taining plain synthetic food with one half of each
dish inside and the other half outside each screen
enclosure. We placed one model inside one of the
screen enclosures in each cage, alternating between
sides. After a 10-min habituation period, we placed
one focal in the main area of each cage. We then
recorded the focals” feeding durations at each dish
for 1 h. The third experiment (wheat seedlings) was
similar to the second (synthetic food) except that we
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Fig. 2: Local enhancement. (a) The set-up of the experiment involving no food. Each cage had heat lamps () on each side, screen enclosures
(oroken lines) at each edge, and the central sector was divided by a marker (dotted lines) into three sections of equal sizes. (b) The set-up for the
experiments involving food and egg laying. Each cage had heat lamps (£) on each side and enclosures (broken lines) and sand cups (continuous
lines) at each edge. (c) The average (+1 SE) proportion of time nymphs spent either next to models in the experiment with no food (left bar,
n = 35) or feeding from the food located next to the models in the experiments with synthetic food (middle bar, n = 39) and wheat (right bar,
n = 21). (d) The average (+1 SE) proportion of time adults spent feeding near the models (left bar, n = 26), and the average (+1 SE) proportion of
egg pods laid inside the egg cup closer to the models’ enclosure (right bar, n = 18). The broken lines in (c) and (d) show the expected random
choice.
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used two models inside each screen enclosure and
wheat seedlings as food.

Adults

We conducted two experiments to assess the influ-
ence of local enhancement on feeding and egg
laying by sexually mature adults. The feeding
experiment was similar to the third nymph experi-
ment (wheat seedlings). The general set-up for the
egg-laying experiment was similar to that for food
(Fig. 2b). Each cage contained two sand cups 8 cm
in diameter and 10 cm deep with their tops levelled
with the cage floor. The sterilized sand contained
15 ml water per 100 g sand (Saini et al. 1995). We
used young, sexually mature females with no prior
egg-laying experience as focals and older mature
females as models. Both models and focals fed on
wheat seedlings during the experiment. We placed
two models inside one of the enclosures in each
cage. The models were adjacent to one of the sand
cups but had no access to the sand (Fig. 2b). We
then added a single-focal female to each cage. After
4d, we counted the egg pods in the cups. Our
preliminary experiments indicated that females did
not lay more than one egg pod during a 4-d
period.

Results

Nymphs

In the first experiment (no food), the focal nymphs
did not show a significant preference for the side of
the cage that contained the models (Wilcoxon
signed-ranks test: Z3s = —1.3, p = 0.2; Fig. 2c). Nei-
ther did the focals touch the wire screen next to the
models first (0.57 near vs. 0.43 far; binomial test,
p = 0.5). In the second and third experiments (syn-
thetic food and wheat seedlings respectively), the
focals showed no significant preference for feeding
near the models over away from the models (Wilco-
xon signed-ranks test: Zso = —0.06, p=0.9 and
Z51 =—0.4, p=0.7 for synthetic food and wheat
seedlings, respectively; Fig. 2c).

Adults

In the feeding experiment, the adults preferred to
feed on the wheat clump near the models (Wilcoxon
signed-ranks text: Z,s = —2.462, p < 0.05; Fig. 2d). In
the egg-laying experiment, the adults preferred to
lay egg pods in the sand cup next to the models
(binomial test, p < 0.005, n = 18; Fig. 2d).

306

Y. Lancet & R. Dukas

Social Learning

Methods

Nymphs
We conducted two experiments with the nymphs,
one involving direct interactions with models who
had previously fed on novel food and the other con-
sisting of focals observing models feeding beyond a
screen. In the first experiment, we collected the mod-
els on day 1, marked each with a white dot on the
thorax and placed half in a large cage containing cin-
namon-flavoured synthetic food and the other half in
a large cage containing cumin-flavoured synthetic
food. On day 2, we collected the focals and placed
them in a large cage containing synthetic food and
water. On day 3, we moved the focals in pairs into
small boxes with plain food and water for 24 h. On
day 4 at 0800 hours, we removed the food from the
focals” cages for a 2-h food deprivation period. We
then dusted each of the models who had fed on cin-
namon-flavoured food with a small amount of cinna-
mon and dusted each of the models who had fed on
cumin-flavoured food with a small amount of cumin.
This was carried out to enhance the odours released
by the models, which were indeed perceptible to us.
At 1000 hours, we placed each focal in a cage with
two models who had previously fed on either cinna-
mon- or cumin-flavoured food. We allowed the focals
and models to interact for two hours without the
presence of any food. At 1200 hours, we removed
the focals and placed them in new cages for the test
phase. Each cage contained one dish of cinnamon-
flavoured food and one dish of cumin-flavoured food.
We recorded the focals” feeding behaviour for 1 h.
The other experiment involved focals observing
models feeding beyond a screen. Here, we split each
cage lengthwise into two sections using a wire
screen. The half closer to the incandescent light bulb
contained two models and either a green dish with
cinnamon-flavoured synthetic food or a brown dish
with cumin-flavoured synthetic food. After 10 min
of model habituation, we placed a focal nymph in
the other section of each cage. All models fed within
30 min. In most cages, the focals perched on the
screen separating them from the models and food.
At the end of the 30-min observation period, we
transferred the focals into the test cages and allowed
them to habituate for 30 min. We then added the
green, cinnamon and brown, cumin-flavoured food
dishes while preserving the locations of the food
dishes observed during the observation phase and
watched the focals for 1 h.
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Adults

The focals in this experiment were sexually mature
adult females, and the models were older adult
females. The experiment involved the focals observ-
ing the models via a wire screen, and the protocol
was similar to the experiment with nymphs except
that we used carrot and cabbage as the novel foods.

Results

Nymphs

The nymphs did not prefer the novel food consumed
by the models over the other novel food in either
the experiment with perfumed models (x & SE pro-
portion of preference for models” food: 0.58 £ 0.11;
Mann-Whitney U-test: Usg = 152, p =0.3) or the
experiment involving models feeding beyond a
screen (x + SE proportion of preference for models’
food: 0.48 £ 0.1, Mann-Whitney U-test: U,q = 49,
p = 0.6).

Adults

The adults did not prefer the novel food consumed
by the models over the other novel food (x + SE
proportion of preference for models” food: 0.56 =+
0.08; Mann—-Whitney U-test: Us, = 101, p = 0.3).

Discussion

In agreement with the previous locust studies
(reviewed in Bernays 1993, 1995), our desert locusts
(S. gregaria) showed robust individual learning
(Fig. 1a) in the general set-up we also used for
examining socially influenced behaviours and social
learning. Perhaps as expected from gregarious indi-
viduals (Whiten & Ham 1992), the desert locusts
showed social support as indicated by the fact that
they were faster to feed when in a social than soli-
tary setting (Fig. 1b). Our examinations of local
enhancement, however, produced two surprising
outcomes. First, contrary to intuition and in spite of
repeated attempts using distinct protocols, gregarious
fifth-instar nymphs showed neither a tendency to
join a group of other nymphs nor a preference to
feed next to other nymphs (Fig. 2c). Our results
expand on previous studies that examined the ten-
dency of gregarious desert locust nymphs (S. gregar-
ia) to join others because, in addition to examining
focals’” tendencies to join others, we also looked at
their propensities to feed with others. While our data
agree with that of Sword (2003), they contradict the
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conclusion of Roessingh et al. (1993) that gregarious
desert locust (S. gregaria) nymphs prefer to join oth-
ers. We cannot explain the discrepancy. Our other
surprising result was that, unlike the nymphs, the
adults did show a robust, consistent tendency to
both feed and lay eggs next to others (Fig. 2d).
While our data indicating local enhancement of egg
laying substantiate previous observations (Norris
1963; Saini et al. 1995), the results indicating local
enhancement in the context of feeding is, as far as
we know, novel.

Our final noteworthy result was that, using
another locust species, we extended the results of
Dukas & Simpson (2009) indicating no social learn-
ing about food in either nymph or adult locusts.
Missing from our report here is a test of social learn-
ing in the context of egg laying. The reason for this
is that our extensive preliminary experiments indi-
cated that it would be difficult to produce a convinc-
ing test given that locusts lay only a single-egg pod
every few days and that it was hard to control the
timing of that egg-pod laying. Although two sets of
negative data obtained in two distinct locust species
and two laboratories are more convincing than a sin-
gle data point, one is always more tempted to ques-
tion negative than positive results even though
positive results deserve equal scrutiny (Ioannidis
2005). It is thus worthwhile to discuss the utility of
reporting our second set of data indicating no social
learning in locusts.

First, to truly understand the evolution of and
mechanisms underlying social learning, we must
thoroughly examine species that might end up
showing no social learning. This is analogous to
insights gained from either solitary or primitively
social species in research on the evolution of social
behaviour in insects (Wilson 1971; Michener 1974;
Costa 2006). Second, we have expanded the scope
of our research programme to encompass a larger
variety of socially influenced behaviours and have
succeeded in documenting local enhancement in
adult locusts in the contexts of both food and egg
laying. If further research substantiates our results
indicating local enhancement in the adults but not
nymphs, these behavioural data can pave the way
for a within-species comparison of the mechanisms
underlying the distinct socially influenced behaviour
in the nymphs and adults. Indeed, it is already estab-
lished that solitary and gregarious locusts (S. gregar-
ia) show substantial differences in brain size and
anatomy (Ott & Rogers 2010) and that serotonin is a
key mediator of the transformation from the solitary
to gregarious phases (Anstey et al. 2009). Hence,
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one can apply techniques similar to those of Rogers
and colleagues (Anstey et al. 2009; Ott & Rogers
2010) for studying the neurobiological differences
between the nymphs and adults. Furthermore, in
mice, recent research has identified neuronal circuits
mediating social learning (Munger etal. 2010).
Finally, on the methodological side, one can always
explain away negative data as indicating experi-
menters’ failure to either properly maintain their
subjects or produce a proper protocol. Our way of
addressing this important issue is to convince our-
selves and others that, using the same laboratory set-
tings and general protocol, we can also obtain
positive data. Indeed, we have documented signifi-
cant individual learning in both nymphs and adults,
social support in the nymphs and local enhancement
in the adults (Figs 1 and 2).

Socially Influenced Behaviour in Locusts

In spite of extensive research, the social structure of
locusts is not fully understood. It appears, however,
that favourable conditions such as rainfall and vege-
tation lead to a dramatic increase in locust popula-
tion density and a switch from the solitary to
gregarious phases, which is accompanied by the
locusts” increased tolerance to each other (Uvarov
1977; Simpson et al. 1999; Sword 2003; Pener &
Simpson 2009). That is, a focal locust in a crowded
aggregation may focus on exercising a tight balanc-
ing act of staying within the aggregation owing to
reduced predation risk (Sword et al. 2005) and keep-
ing some distance from potentially cannibalistic con-
specifics (Bazazi et al. 2008). In such a setting of
crowded conspecifics, social learning may be futile.
First, a focal would almost certainly be surrounded
by numerous others, and, second, local cues may be
irrelevant owing to the continuous swarm move-
ment. We should note, however, that according to
our scenario, we would expect both nymphs and
adults to show local enhancement, so the lack of
local enhancement in the nymphs remains unex-
plained. A promising next step to clarifying this issue
would be to test local enhancement in nymphs and
adults in the field.

The Evolution of Social Learning

Until recently, the two major approaches in research
on social learning have been the characterization of
social learning categories (Zentall & Galef 1988;
Heyes & Galef 1996) and an examination of the
trade-offs that determine the use of individual vs.
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social learning in a few vertebrate model systems
that show robust social learning (Laland 2004; Galef
2009; Kendal et al. 2009). Hence, we still know little
about the evolution of social learning. Perhaps not
surprisingly, much of the research on social learning
has focused on the species most likely to show it,
which are mostly vertebrates with parental care
(mammals and birds) and animals that live in groups
(schooling fish and social hymenoptera). Our focus
on non-eusocial insects, however, can help us
understand incipient social learning. Our current
assumption, which requires critical tests, is that most
insects do not show social learning as defined in the
introduction. If this is true, we can think of three
non-mutually exclusive paths leading to social learn-
ing in insects.

The first route to social learning involves pro-
longed parental care, which, although rare, does
exist in some insects (Costa 2006). Parental care is
probably the premier trait that has facilitated the
evolution of social learning because it involves inex-
perienced individuals interacting closely with experi-
enced kin. This means that the observer offspring
can benefit from information gleaned from their par-
ents, which is likely to be highly relevant (Dukas
2010). The second route to social learning involves
insects that typically live in groups and thus tend to
join conspecifics. Joining models at a given location,
or local enhancement, may or may not lead to
acquiring new information from the models. Intrigu-
ingly, our data for desert locust (S. gregaria) indicated
local enhancement in the adults but not nymphs
(Fig. 2) and lack of social learning in the adults even
though they showed local enhancement. We should
note that local enhancement can have powerful
effects on behaviour that we do not categorize as
social learning. That is, focals showing local
enhancement may, for example, encounter and feed
on novel food that they would later prefer. How-
ever, if focals that are placed and feed on novel food
alone also later prefer that food, we would attribute
the food preference following local enhancement to
individual learning or even habituation rather than
to social learning (Sarin & Dukas 2009).

Finally, the third route to social learning could
involve insects that gain from joining conspecifics.
Examples include bark beetles (e.g. Dendroctonus and
Ips spp) and some species of fruit flies (Drosophila
spp), in which individuals release and are attracted
to an aggregation pheromone and have a higher fit-
ness in a group than alone (Prokopy & Roitberg
2001; Wertheim et al. 2005). As in the second route,
the observers joining models may or may not show
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social learning. Here, however, one can envision
that joiners would learn to associate conspecifics by
some relevant salient cue such as the smell of food
or egg-laying substrate. Thus, a critical test would
document that focals prefer an odour experienced
with certain conspecifics over an odour experienced
alone, that is, social learning (Sarin & Dukas 2009),
but the ultimate explanation is attraction to conspe-
cifics rather than attributing a higher value to food
others have chosen. Our analysis of the routes lead-
ing to social learning can help us understand the
lack of social learning in locusts documented here
and elsewhere (Dukas & Simpson 2009).

In sum, our broadened analysis of socially influ-
enced behaviour in locusts has revealed no social
learning in either nymphs or adults, local enhance-
ment in the contexts of both food and egg laying in
the adults and social support in the nymphs. The
intriguing possible within-species difference between
the nymphs and adults may help us reveal proxi-
mate and ultimate mechanisms affecting the ontog-
eny and evolution of social learning.
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