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Kin recognition in a subsocial treehopper (Hemiptera:
Membracidae)
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Abstract. 1. Insects exhibiting parental care usually can discriminate between kin and
non-kin individuals, allowing parents to avoid investment in foreign offspring.

2. This study investigated the occurrence of kin recognition in the sap-feeding insect
Alchisme grossa Fairmaire (Membracidae) through bioassays assessing median female
distance to nymphs and degree of nymphal aggregation. Each bioassay involved groups
consisting of a female and a cohort of kin or non-kin nymphs (mother and non-mother
treatments, respectively). Furthermore, cuticular non-volatile compounds were extracted
from nymphal cohorts, analysed by gas chromatography-mass spectrometry and com-
pared between cohorts.

3. In both treatments, nymphs performed a ‘rocking behaviour’ which appears to
be correlated with aggregation. Temporal patterns of degree of nymphal aggregation
and median female–nymph distance differed between treatments, the former parameter
being higher in the mother treatment and the latter being higher in the non-mother
treatment.

4. A total of 40 compounds were found in the extracts. The composition of cuticular
non-volatile compounds differed between nymphal cohorts.

5. These results support the notion that kin recognition in A. grossa is possibly
mediated by nymphal rocking behaviour and/or cuticular non-volatile compounds (i.e.
visual and/or chemical cues).

Key words. Alchisme grossa, cuticular compounds, gas chromatography-mass spec-
trometry (GC-MS), kin recognition, nymphal rocking behaviour, parent–offspring
interaction.

Introduction

Insects living in family aggregations and exhibiting parental
care (where at least one of the parents takes care of the off-
spring) frequently show kin discrimination capacity that allows
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parents to avoid investing time and energy in foreign offspring
(El-Showk et al., 2010; Wong et al., 2013). In this context,
recognition is illustrated through the observations of differen-
tial behaviours of an individual towards kin and non-kin con-
specifics (Breed, 2014). Kin recognition is an unobservable
cognitive process (i.e. neural) through which individuals assess
genetic relatedness that can be inferred through kin discrimina-
tion, i.e. the differential treatment from an individual towards a
kin or non-kin target individual based on labels that are corre-
lated with kinship (Tang-Martinez, 2001; Holmes, 2004; Mateo,
2004). However, the absence of discrimination does not nec-
essarily indicate absence of recognition (Barnard & Aldhous,
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1991; Mateo, 2004). Kin recognition is generally rare and poorly
documented in gregarious and subsocial insects, although it has
been proposed that it should be widespread in non-eusocial
species, as it is associated with costs and benefits in many
ecological contexts (i.e. foraging, mating, resting) (Lihoreau &
Rivault, 2009; Lihoreau et al., 2012, 2016; Raveh et al., 2014).

Within the essentially non-eusocial order Hemiptera, kin
recognition capacity in parent–offspring interactions has been
tested, but the results have not been consistent, suggesting that it
is not a ubiquitous phenomenon (Hinton, 1977). For instance, in
Pisilus tipuliformis Fabricius (Reduviidae), females can recog-
nise their own batch of eggs from those of conspecific females
in two-choice experiments (Parker, 1965). By contrast, females
of Cantao ocellatus Thunberg (Scutelleridae) and Atiteuchus
tripterus Fabricius (Pentatomidae) seem unable to recognise
their own eggs and nymphs from those of other conspecifics,
as an egg-guarding female readily adopts offspring of another
female when they are transferred to a new egg mass (Eberhard,
1975; Takahashi, 1921 in Hinton, 1977).

In the Membracidae, a group of sap-feeding Hemiptera, the
evidence on kin recognition is also not exempt from controversy.
On the one hand, females of some species seem unable to
recognise their own eggs and nymphs from those of another
conspecifics (e.g. Umbonia ataliba Fairmaire and Blimekia
broomfieldi Hinton), as illustrated when females that were
moved to another egg mass or nymphal aggregation did not
return to their own offspring aggregation (Ekkens, 1972; Hinton,
1977). On the other hand, there are species whereby the mother
returned to its own clutch after it was removed and then
placed on the same plant, a possible kin-biased behaviour
suggesting kin recognition capacity (e.g. Umbonia crassicornis
Amyot & Serville and Alchisme grossa Fairmaire) (Wood, 1978;
Torrico-Bazoberry et al., 2014).

Alchisme grossa has been categorised as a subsocial treehop-
per because females exhibit maternal care throughout offspring
development (Godoy et al., 2006). It belongs to the Hoplophori-
onini, a tribe whose members exhibit the highest degree of
maternal investment among treehoppers (McKamey & Deitz,
1996). According to previous data, the female of this species
lays an egg mass on the underside of a leaf and covers it with its
body (Torrico-Bazoberry et al., 2014, 2016). Nymphs then hatch
and remain aggregated with their mother until they complete
development, or at least until the third instar (Torrico-Bazoberry
et al., 2016). Usually, only one female–offspring aggregation
per leaf and several female–offspring aggregations per plant are
found. Additionally, mothers exhibit orientation towards their
offspring, as they returned to their own egg mass after being
relocated 60 cm within the same plant (Torrico-Bazoberry et al.,
2014). These observations suggest there is a kin recognition
capacity in females, because they can move towards their own
offspring, discriminating other nymphal aggregations develop-
ing in the vicinity. We explored in A. grossa the hypothesis of
kin recognition by observing the behaviours displayed by an
individual female and a cohort of kin or non-kin nymphs in
terms of degree of nymphal aggregation and female–nymph
distances. Furthermore, as kin recognition depends on the
presence of cues or signals containing information on an ani-
mal’s kin identity (Breed, 2014), we explored some potential

mechanisms (i.e. chemical, visual and/or vibrational) that may
facilitate kin interactions in this species.

Chemical signals (i.e. cuticular compounds) are among the
most frequently used types of communication in insects and
have been mainly studied in the context of sexual selection
and social recognition in bees, termites and ants (Singer, 1998;
Howard & Blomquist, 2005; Mas & Kölliker, 2008; Lihoreau &
Rivault, 2009; Blomquist & Bagnères, 2010; Wong et al., 2014).
However, they have been poorly studied in subsocial insects
(Cocchiararo-Bastias et al., 2011; Wong et al., 2014), and even
less so in the context of parent–offspring communication (Mas
& Kölliker, 2008; Mas et al., 2009; El-Showk et al., 2010;
Smiseth et al., 2010; Nomakuchi et al., 2012; Boos et al.,
2015). Hence, we described and compared the profiles of
cuticular non-volatile compounds from adults and nymphs of
A. grossa, and explored their potential role in aggregation
behaviour.

Materials and methods

Behavioural bioassays

Behavioural bioassays were performed to evaluate the degree
of nymphal aggregation and female–nymph distances in groups
consisting of a female and a cohort of kin or non-kin nymphs
(mother and non-mother treatments, respectively) of A. grossa.
Cohorts included third- or fourth-instar nymphs as both instars
display similar mobility, aggregation and behavioural pat-
terns (Torrico-Bazoberry et al., 2014; D. Torrico-Bazoberry &
C. F. Pinto, unpublished). Individuals used in the bioassays
were collected from the host plant Solanum ursinum Rusby
(Solanaceae) at Incachaca (Cochabamba, Bolivia; 17∘13′S,
65∘49′W; 2450 m.a.s.l.), in the Bolivian Yungas ecoregion.

In a previous study we found that only two out of more
than 200 marked females were found performing a second
oviposition (Torrico-Bazoberry et al., 2014). This is indeed
rare among species of the tribe Hoplophorionini (to which
A. grossa belongs) as the whole tribe has been characterised
as being strictly semelparous (Wood, 1993). Moreover, nymphs
do not move between plants (Pinto, 2015), females return
to their offspring after being relocated on the same plant
(Torrico-Bazoberry et al., 2014), and only one female with
its cohort of nymphs was present on any given plant at the
moment of insect collection. Hence, the female observed guard-
ing a nymph cohort is most likely its mother. On the other
hand, as females disperse from their natal plant after reach-
ing adulthood (Pinto, 2015), different female–nymph groups
collected from different plants will most likely correspond to
non-kin groups.

Bioassays were conducted between 09.00 and 17.00 hours in
50 × 50 × 80 cm (length × width × height) acrylic boxes that
had a plastic measuring tape attached to one side of the box
as a reference to measure vertical distances. Small plants of
S. ursinum (approximately 35 cm tall) with no eggs visible
on them were uprooted from the field at least 12 h before the
bioassay started. They were placed singly in small plastic pots
containing the same soil where the plants were growing and
watered. For each bioassay a pot was placed at the centre of
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an acrylic box. Ten to 15 nymphs were withdrawn from a
single cohort in their natal plant and positioned 5 cm below
the apex of the potted plant with an average distance between
nymphs of approximately 0.5 cm. Thereafter, a female was
positioned at the base of the stem approximately 20 cm below
the closest nymph. As positioning of the nymphs on the plant
took some 5 min, when the female was placed on the plant, the
nymphs had already begun to disperse. Two treatments were
evaluated: (i) a female and a cohort of kin nymphs (mother
treatment); and (ii) a female and a non-kin cohort of nymphs
(i.e. nymphs non-kin to the female: non-mother treatment) in
haphazardly chosen combinations. Insect manipulations were
performed using latex gloves without talcum powder, and soft
brushes and tweezers that were cleaned with neutral soap
and distilled water between treatments to avoid transfer of
chemical cues.

A total of 48 bioassays (24 per treatment) were performed,
with duration of 3.5 h each. Temperature and relative humidity
(RH) were registered using a thermocouple (EXTECH®) at
the start and the end of each bioassay and then individually
compared (i.e. start versus end) with a generalised linear model
(GLM). After a bioassay started (i.e. once the female was
positioned), the position of the participating individuals (female
and nymphs) on the plant was registered every 15 min. For
each observation, the degree of aggregation of nymphs was
determined as the percentage of nymphs that had at least one
other nymph at a distance of less than approximately one
nymph body length (c. 3 mm), and female–nymph distance
was determined as the median of all female–nymph distances
(10–15 values), which were estimated individually using the
measuring tape. The observers were unaware of the nature
of the treatment when performing observations. For statistical
analyses, generalised linear mixed models (GLMMs) with a
Gaussian error distribution were used to examine the effect of
treatment (operated as a categorical predictor: mother versus
non-mother), time (operated as a continuous predictor), and their
interaction on the degree of nymphal aggregation and the median
of female–nymph distances. Separate models for aggregation
and distance were fitted, considering each female–offspring
group and nymphal instar as random factors in both cases (Zuur
et al., 2009). GLMM parameters and their significance were
estimated using restricted maximum likelihood t-tests with a
Kenward–Roger approximation to degrees of freedom (Halekoh
& Højsgaard, 2014). From each GLMM the residual variance
associated with the random factors was obtained together with
the variance associated with each random factor; model fit
was assessed through the Bayesian information criterion (BIC).
To visualise both response variables with respect to treatment,
a locally weighted scatterplot smoothing (LOESS) estimator
(span = 1) was used to depict smoothed functions in the degree
of nymphal aggregation and the median of female–nymph
distances. Statistical analyses were conducted in r 3.10 (R
Core Team, 2014), using the packages mgcv (Wood, 2011)
and lme4 (Bates et al., 2015) for fitting the GLMM models,
the packages lmerTest (Kusnetzova et al., 2015) and pbkrtest
(Halekoh & Højsgaard, 2014) to estimate the degrees of freedom
using the Kenward–Roger approximation and to obtain the
P-values, and the package ggplot2 to depict the relationships

between time and distance or aggregation for each treatment
(Wickham, 2009).

Rocking behaviour

When nymphs reaggregated after the initial dispersal phase,
they performed a periodic rocking or ‘running in place, where
the legs are moved as during walking but nymphs remain station-
ary’ (Cocroft, 2005; Cocroft & Hamel, 2010). This behaviour
was always observed before the female approached the nymphs
and resulted in the aggregation of other nymphs and also of the
female. The effect of ‘female approaching’ was defined as a pro-
cess whereby the female approached the gathering nymphs at
a distance of less than approximately one female body length.
Rocking was started by one or just a few nymphs, and thereafter
more nymphs joined the rocking cohort; eventually, rocking was
performed almost simultaneously in a wave-like synchronised
movement, similar to what was described for Calloconophora
pinguis Fowler (Cocroft, 2005; Ramaswamy & Cocroft, 2009;
Cocroft & Hamel, 2010).

The number of bioassays per treatment where the rocking
behaviour occurred and the number of nymphal cohorts where
female approaching was observed were registered and both were
individually compared between treatments using a two-tailed
Fisher’s exact test.

Extraction of cuticular non-volatile compounds

Cuticular compounds have repeatedly been shown to be
involved in kin recognition in insects (Blomquist & Bagnères,
2010). The present chemical analyses were oriented towards
the extraction and identification of non-volatile cuticular com-
pounds, as the female and nymphs are continuously in physi-
cal contact with each other from oviposition (Torrico-Bazoberry
et al., 2014, 2016). Twelve cohorts were haphazardly chosen
among the 48 cohorts from which individuals were extracted
for the behavioural bioassays. From each of these 12 cohorts,
eight sibling nymphs were withdrawn from their natal plant
(hence, these nymphs had not been used in the behavioural
bioassays) and killed by freezing at −4 ∘C prior to extraction
of cuticular compounds. Extraction was achieved by immers-
ing each individual in a glass vial containing 0.5 ml of pen-
tane (thus completely covering the body of the nymph) for
15 min. Thereafter, the insects were removed using entomo-
logical tweezers, and solvent was allowed to evaporate at
room temperature. Vials were then maintained at −20 ∘C until
analysis.

Chemical analyses

The extracts of nymphs were re-dissolved in 30 𝜇l of pentane.
Then, 4 𝜇l of the re-dissolved extracts were injected in a Shi-
madzu model GCMS-QP 2010 Ultra gas chromatograph (Shi-
madzu, Kyoto, Japan) equipped with an Rtx-5MS Crossbond
5% diphenyl 95% dimethyl polysiloxane (Restek, Bellefonte,
Philadelphia) capillary gas chromatograph (GC) column (length
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30 m, internal diameter 0.25 mm, film thickness 0.25 𝜇m) and
used in the splitless mode. Helium was used as the carrier gas at
50 ml min−1. The mass spectrometer used electron impact ion-
isation mode (70 eV) with an emission current of 250 𝜇A. The
temperatures of the injection port, ion source and transfer line
were set at 250, 250 and 280 ∘C, respectively. The GC oven was
programmed to remain at 150 ∘C for 5 min, then to increase to
260 ∘C at a rate of 5 ∘C min−1 and finally to remain at 260 ∘C
for 20 min. Retention indexes were calculated on the basis of
chromatograms obtained from the periodic injection of a stan-
dard alkane mixture. The presence or absence of a compound
in the chromatogram was determined following Flores-Prado
et al. (2008) and Aguilera-Olivares et al. (2016), by identifying
compounds based on comparisons of their retention index and
mass spectrum with those in the NIST14 database, with authen-
tic standards (when available) and, eventually, with data from the
literature (Flores-Prado et al., 2008; Cocchiararo-Bastias et al.,
2011; Calderón-Fernández & Juárez, 2013; Beran et al., 2014;
El-Sayed, 2014; Aguilera-Olivares et al., 2016). An identifica-
tion was proposed if the retention index did not differ by more
than five units and the similarity index of the mass spectrum
was over 85% compared with the database or the literature.
To determine the double bond position in alkenes, dimethyl
disulphide derivatisation was used, following Attygalle (1998).
Confirmation of the identification proposed was achieved by
individually analysing and interpreting the mass spectrum of
each compound.

Based on the chromatograms of the extracts from the nymphs
in the 12 nymphal cohorts, two different analyses were per-
formed, one based on qualitative data (presence or absence of
a given compound in the mixture) and another based on quan-
titative data (relative proportion of each compound in the mix-
ture). A distance matrix was obtained using the Jaccard index on
past 3.15 (Hammer et al., 2001) with qualitative data, and then
non-metric multidimensional scaling analysis was performed on
statistica 10.0 (StatSoft, 2001) to obtain two factors (factor
1 and factor 2). Principal component analyses were performed
with the quantitative data on statistica 10.0 (StatSoft, 2001),
and a matrix with two principal components (PC1 and PC2)
was obtained. To evaluate if the composition of extracts dif-
fered between nymphal cohorts, one-way anova followed by
Holm–Sidak post hoc tests were performed on sigmaplot 12.0
comparing both factors and PCs.

Based on the chromatograms of the extracts from the 12
aggregations, relative proportions of the 40 compounds found
were calculated. Because data contained many zero values, and
also to reduce the influence of particularly abundant compounds
(Quinn & Keough, 2002), all data were transformed to square
root (X + 1) following Lemaitre et al. (2014). To compare the
composition of cuticular compounds, an analysis of similarities
(anosim) was performed, using a Bray–Curtis similarity index
and 50 000 permutations. anosim is a non-parametric multivari-
ate test that compares within- and between-group similarities,
and estimates the significance of the test by randomising groups
(Clarke, 1993; Anderson & Walsh, 2013). A global anosim
value was obtained together with pairwise comparisons. To
reduce type I error, a sequential Bonferroni adjustment was
applied to pairwise comparison P-values (Quinn & Keough,
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Fig. 1. Temporal pattern of nymphal aggregation in mother (i.e. female
and its own nymphs, N = 24) and non-mother (i.e. female and nymphs
from another aggregation, N = 24) pairs of Alchisme grossa for each
observation period (N = 15). Means ± 95% confidence interval are
shown. Significantly higher aggregation was found in the mother
treatment from approximately 17 min after the bioassay started onwards.

2002). anosim analysis was performed using past version 3
statistical software (Hammer et al., 2001).

Results

Behavioural bioassays

Average temperatures at the start and the end of the exper-
iment were 17.95 ± 3.44 and 18.18 ± 2.66 ∘C, and RH val-
ues were 85.73% ± 9.54% and 86.17% ± 8.73%, respectively.
There were no significant differences between temperature or
RH at the start and end of experiments (temperature, GLM
estimate = −0.232, SE = 0.779, P = 0.767; RH, GLM esti-
mate = −0.442, SE = 2.322, P = 0.850).

In each treatment (mother and non-mother), 14 bioassays were
performed with third-instar nymphs and 10 with fourth-instar
nymphs. Temporal patterns of the degree of nymphal aggre-
gation differed between treatments (Fig. 1, Table 1), aggrega-
tion being significantly higher in the mother treatment from
approximately 17 min after the bioassay started onwards. Simi-
larly, temporal patterns of median female–nymph distance dif-
fered between treatments (Fig. 2, Table 1), distance being signif-
icantly higher in the non-mother treatment from approximately
64 min after the bioassay started onwards. Regarding random
factors included in the two models (i.e. nymphal aggregation and
the median of female–nymph distances), the variance associated
with each female–nymph group was higher than that associated
with the nymphal instars in both cases.

Rocking behaviour

The rocking behaviour of nymphs was observed in 18 of
the 24 bioassays (75%) in the mother treatment and in 16 of
the 24 bioassays (66.7%) in the non-mother treatment, with
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Table 1. Summary of the generalised linear mixed models fitted for: (a) nymphal aggregation (random factors: nymphal aggregation variance = 11.66,
nymphal instar variance = 1.07); and (b) median female–nymph distance (random factors: nymphal aggregation variance = 185.27, nymphal instar
variance = 46.24).

Variable Estimate SE d.f. t-value P-value

(a) Degree of nymphal aggregation. Random factor residual variance = 462.9, BIC = 6554.5
Intercept 61.197 5.966 2.0 10.256 0.009
Treatment (non-mother) −7.586 3.061 691.0 −2.478 0.013
Time 1.371 0.264 691.1 5.204 < 0.001
Treatment:time −1.098 0.372 691.0 −2.954 < 0.001
(b) Female–offspring median distance. Random factor residual variance = 21.6, BIC = 3423.3
Intercept 6.932 1.161 4.3 5.959 0.003
Treatment (non-mother) 0.226 0.753 540.5 0.300 0.765
Time −0.496 0.065 539.2 −7.596 < 0.001
Treatment:time 0.361 0.092 538.7 3.940 < 0.001

BIC, Bayesian information criterion.
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Fig. 2. Temporal pattern of median female–nymph distance in mother
(i.e. female and its own nymphs, N = 24) and non-mother (i.e. female
and nymphs from another aggregation, N = 24) pairs of Alchisme grossa
for each observation period (N = 15). Means ± 95% confidence interval
are shown. Significantly higher female–nymph distance was found
in the non-mother treatment from 64 min after the bioassay started
onwards.

no significant difference between these two ratios (P = 0.752;
Fisher’s exact test). In the mother treatment, female approaching
was observed in all 18 nymphal cohorts displaying the rocking
behaviour, while in the non-mother treatment, only eight of the
16 nymphal cohorts that displayed the rocking behaviour led to
female approaching, with a significant difference between these
two ratios (P < 0.001; Fisher’s exact test).

Cuticular non-volatile compounds

A total of 40 compounds with chain lengths from 17 to
30 carbon atoms were found on the cuticular extracts of
A. grossa (Table 2). They consisted of monomethylalkanes
(40%), alkanes (17.5%), carboxylic acids (15%), alkenes
(12.5%), dimethylalkanes (10%) and two compounds that could
not be identified (5%). The number of compounds detected

per individual ranged from 14 to 33 (mean ± SD = 23.5 ± 5.6,
N = 12) in adult females and from 18 to 36 (27.3 ± 5.10,
N = 96) in nymphs.

Cuticular non-volatile compounds differed significantly, both
qualitatively and quantitatively, between nymphal cohorts. In
the qualitative analysis, out of the 66 possible pairwise com-
binations, 46 (69.7%) and 29 (43.9%) differed significantly in
factors 1 and 2, respectively (Supporting information, Table S1;
factor 1, F = 108.87, d.f. = 94, P < 0.001; factor 2, F = 42.46,
d.f. = 94, P < 0.001). In the quantitative analysis, out of the 66
possible pairwise combinations, 43 (65.2%) and 38 (57.6%) dif-
fered significantly in PC1 and PC2, respectively (Supporting
information, Table S2; PC1, F = 59.71, d.f. = 94, P < 0.001;
PC2, F = 56.64, d.f. = 94, P < 0.001); together, PC1 and PC2
explained 29.4% of the variance.

Composition of cuticular non-volatile compounds differed
significantly between nymphal cohorts and is greater between
cohorts than within cohorts (one-way anosim: R = 0.70;
P < 0.001). The results of pairwise comparisons indicated
that among the 66 possible pairs, 60 (91%) were signifi-
cantly different (i.e. P < 0.05) after the Bonferroni adjustment
(Table 3).

Discussion

Results showed that: (i) presence of the mother leads to higher
levels of nymphal aggregation and shorter female–nymph dis-
tances than does presence of a non-mother female; (ii) nymphs
display a synchronised rocking behaviour which appears to
be correlated with nymphal aggregation and female approach-
ing; (iii) cuticular non-volatile compounds differed between
nymphal cohorts; and (iv) the female responded to rocking
nymphs that were her offspring more frequently than when they
were not. These arguments led to the proposal that A. grossa
exhibits kin recognition.

Wood (1978) reported that removal of the adult female
from female–offspring aggregations in U. crassicornis (another
Hoplophorionini species) did not trigger nymphal dispersion,
thus indicating that nymphs can remain aggregated even in the
absence of an adult female; furthermore, he found that mean
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Table 2. Compounds present in cuticular extracts of Alchisme grossa
females and nymphs. Identification was achieved by comparison of their
mass spectra with those of standards (ST), and by comparison of their
mass spectra (MS) and retention indices (RI) with those available in the
literature. Double bond positions were determined using derivatisation
with dimethyl disulphide (DER).

Retention
index Compound

Identification
method

1700 Heptadecane ST, RI, MS
1743 6- or 7-Methylheptadecane RI, MS
1757 4-Methylheptadecane RI, MS
1904 Nonadecane ST, RI, MS
1938 9-Hexadecenoic acid RI, MS, DER
1947 5- or 6-Methylnonadecane RI, MS
1957 4-Methylnonadecane RI, MS
1974 3-Methylnonadecane RI, MS
1987 Hexadecanoic acid, ethyl ester RI, MS
2069 3-Methyleicosane RI, MS
2116 Heptadecenoic acid RI, MS
2157 4-Methylheneicosane RI, MS
2165 Octadecanoic acid RI, MS
2174 9-Octadecenoic acid ethyl ester RI, MS, DER
2180 7-Docosene RI, MS, DER
2200 Docosane ST, RI, MS
2279 9-Tricosene ST, RI, MS, DER
2328 Eicosanoic acid RI, MS
2367 2-Methyltricosane RI, MS
2382 5,13- or 5,15-Dimethyltricosane RI, MS
2390 1-Tetracosene RI, MS, DER
2399 Tetracosane ST, RI, MS
2465 2-Methyltetracosane RI, MS
2476 3-Methyltetracosane RI, MS
2495 Pentacosane ST, RI, MS
2523 9- or 11- or 13-Methylpentacosane RI, MS
2571 3-Methylpentacosane RI, MS
2587 5,9- or 5,13-Dimethylpentacosane RI, MS
2604 Hexacosane ST, RI, MS
2669 13-Heptacosene RI, MS, DER
2756 Unidentified 1 –
2767 9,13- or 9,15-Dimethylheptacosane RI, MS
2776 3-Methylheptacosane RI, MS
2786 Octacosane ST, RI, MS
2816 Unidentified 2 –
2831 11- or 12- or 13- or 14-Methyloctacosane RI, MS
2849 9,19-Nonacosadiene RI, MS, DER
2867 2-Methyloctacosane RI, MS
2966 9,13- or 11,15-Dimethylnonacosane RI, MS
3063 2-Methyltriacontane RI, MS

nymphal aggregation was higher in cohorts with a female than
in those where the female had been removed. Wood (1978)
suggested that nymphs can detect the presence of other nymphs
and remain aggregated and that female presence enhances
nymphal aggregation but is not essential. Our results agree and
build upon those of Wood (1978) as nymphal aggregation was
also enhanced by the presence of a mother versus a non-mother
female, thus suggesting that nymphs somehow detect the kin
relation with a given female.

Median female–nymph distance decreased with time in both
treatments, being higher in the non-mother treatment, i.e. a
mother remained closer to its own offspring than to offspring

of another female. Furthermore, the degree of nymphal aggre-
gation increased with time in both treatments, being higher in
the mother treatment, i.e. nymphs formed more compact aggre-
gations in the presence of their mother. These observations could
have implications to the mother’s fitness. Thus, for a female to
have its offspring closer and more aggregated would imply a
faster defence against attack by a predator, as has been reported
for U. crassicornis, where a nymph’s chance of being removed
by a predator increased almost four times for each female body
length distance away from the mother (Cocroft, 2002). More-
over, nymphal aggregation may be advantageous as it can reduce
predation risk, improve thermoregulation, reduce desiccation
and facilitate the exploitation of food resources (Biedermann,
2003; Wise et al., 2006; Addesso et al., 2012; Lihoreau et al.,
2012; Chen & Liang, 2015).

Wood (1978) suggested that nymphs should use some type of
aggregation signal (chemical, visual or tactile), but he did not
describe or evaluate the signal involved. In the case of A. grossa,
we have observed and described a rocking behaviour displayed
by nymphs that could correspond to the signal proposed by
Wood (1978). This rocking behaviour apparently served as a
signal that gathers sibling nymphs and also leads to female
approaching. As we did not find significant differences between
treatments (mother and non-mother) in the occurrence of the
rocking behaviour, it appears to be a hard-wired signal that
gathers other nymphs or an adult female.

The results reported herein suggest the use of a signal that
had a visual (behavioural) component in offspring–parent com-
munication; however, as vibrational communication is widely
exploited by treehoppers (Cocroft & Hamel, 2010) and as the
rocking behaviour reported herein could potentially produce
vibrational signals (Cocroft, 2005), vibrational or acoustical
cues are likely to be signalling components that cannot be dis-
carded as potential aggregation signals in A. grossa. Cuticular
non-volatile compounds differed between nymphal cohorts; as
such differences could be detected by females, their potential
role as kin recognition cannot be discarded.

Pheromones involved in the aggregation behaviour of tree-
hoppers have long been proposed (Wood, 1975, 1976; Hinton,
1977; Stegmann, 1998). However, their existence has never been
tested. Additionally, cuticular compounds that could be acting
as pheromones have never been studied or described in treehop-
pers, at least in a social context (Silveira et al., 2010). In this
paper, we identified for the first time cuticular non-volatile com-
pounds of female adults and nymphs of a treehopper species.
Our results indicate that nymphal cuticular non-volatile com-
pounds differed qualitatively and quantitatively between and
within nymphal cohorts, and that these differences were higher
between (non-kin) than within (kin) cohorts suggesting that
cuticular compounds are indeed good candidates for kin recog-
nition. However, further studies are required to clarify the origin
of variation, as inter-individual variation in cuticular hydrocar-
bons is known to occur due to factors such as genetic differ-
ences, ontogeny, diet and individual plant on which the nymphs
were collected (i.e. plant identity) (Panek et al., 2001; Fan et al.,
2008; Yoon et al., 2012; Wong et al., 2014). How selection
shapes cuticular hydrocarbon profiles would probably be differ-
ent under these different scenarios.
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Table 3. Bray–Curtis analysis of similarity (anosim) results for pairwise comparisons of cohorts. Each cohort of nymphs is indicated as CN (where
‘N’ is the number of the cohort). anosim R statistical value for each pairwise is shown.

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12

C1 – 0.77* 0.97** 0.98** 1.00 0.99* 1.00 0.99 1.00 1.00** 1.00 1.00
C2 – 0.28 ns 0.37* 0.58** 0.68 0.78 0.58 0.74** 0.85 0.97 0.96
C3 – 0.28* 0.45** 0.29 0.60 0.53 0.70** 0.87 1.00 1.00
C4 – 0.10 ns 0.51 0.64 0.46 0.72** 0.75 0.97 0.98
C5 – 0.72 0.89 0.60 0.92 0.85 0.99 1.00
C6 – 0.27 ns 0.39** 0.48** 0.82 0.98 1.00**
C7 – 0.21 ns 0.22 ns 0.79 0.98** 1.00
C8 – 0.21ns 0.70 0.98** 1.00
C9 – 0.59** 0.91 0.99
C10 – 0.57** 0.81
C11 – 0.43*
C12 –

Significance levels after the Bonferroni correction are shown as follows: numbers in bold, P < 0.005; **P < 0.01; *P < 0.05; ns, P > 0.05 (not
significant).

Although our results have not definitely identified a chemical
mechanism for kin recognition in A. grossa, cuticular chemicals
could constitute a potential mechanism for kin recognition. The
results lay some groundwork for further investigations aimed at
understanding subsocial insect interactions. Furthermore, they
could serve as a reference for further studies as they consti-
tute the first report on cuticular non-volatile compounds in a
treehopper species and, in fact, in the whole order Hemiptera,
in the context of kin recognition. The only reports of cuticular
semiochemicals in the Hemiptera have focused on chemotaxon-
omy, aggregation and sexual behaviours (Fucarino et al., 2004;
Cocchiararo-Bastias et al., 2011; Calderón-Fernández & Juárez,
2013). Our results also suggest that a rocking behaviour by
nymphs could be another potential mechanism used as a signal
for kin recognition in this treehopper species. Further research
regarding parent–offspring signal communication in subsocial
insects should be pursued to clarify these issues and the mecha-
nisms and signals involved.
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