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Developmental and Phylogenetic Patterns of Antennal Expansion in Leaf-Footed
Bugs (Hemiptera: Coreidae)

ABSTRACT
1) Insect antennae morphology is highly conserved in many insect families, yet in

some clades elaborations of antennae form are more common. Leaf-footed bugs
(Hemiptera: Coreidae) are one case where there is considerable variation in
antennal morphology. Antennae can be rectilinear, with cylindrical
antennomeres, or have laterally flattened antennomeres, that differ in which
antennomeres they occur. Strikingly, such variation is also found across
development, where nymphs and adults can also display different antennal
shapes. Thus, Coreidae presents an unique opportunity to study how much

shared ancestry and how much development influences antennal variation.

2) We characterized the antennal expansion across a recent Coreidae phylogeny
using research-grade iNaturalist photos and primary taxonomic descriptions of
adults (species) and nymphs (genus). We then performed ancestral
reconstructions to estimate how many transitions between antennal states

occurred across the phylogeny, and compared it between adults and nymphs.

3) We found that adult antennal expansions are rare and restricted to Coreinae. The
reconstructed history is consistent with repeated transitions to expanded adult
antennae across Coreinae, with expansion most commonly confined to the third

antennomere and concentrated in a few genera.

4) In contrast, nymphal data reveal that antennal expansions are more widespread
and often occur in genera whose adults lack expansions, suggesting that
conspicuous antennal morphologies can be developmentally transient and

frequently lost before adulthood.

5) Together, our results indicate that adult antennal expansion is associated with
nymphal expansion in the sampled genera and may reflect repeated retention or
prolongation of a morphology expressed during development. Additionally, we
provide a comparative framework for future work on the functional and

developmental bases of exaggerated antennal forms.

Keywords: Ancestral state; Comparative methods; Morphological diversity; Nymph;
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INTRODUCTION

For many insects, the antennae function as interfaces to the world which gather
chemical, mechanical, and other environmental information (Elgar et al. 2018). These
functions may be facilitated by the morphology of the antennae in addition to sensory
structures (Donley et al. 2022; Wang et al. 2018). Thus, antennae morphology may be
linked to behaviours such as host-plant searching, foraging, mate finding,
communication, predator detection and navigation (Schneider, 1964; Gill et al. 2013;
Elgar et al., 2018). Nymphs in many insect species may use increased surface area of
modified cuticle in gliding or directed aerial descent (Zhao et al. 2024; Zeng et al. 2024).
Given these diverse roles, antennae vary substantially among insects in their length,
proportions, segmentation, surface structure and arrangement of sensory equipment
(Dirks & Diirr, 2011; French et al. 2025; Puchalski et al. 2024). Such variation provides an
opportunity to investigate how morphological traits are distributed through
evolutionary history and how recurring forms may arise, persist or disappear among
related lineages.

Insect antennae are composed of distinct segments (antennomeres), which act as
discrete phenotypic modules. In many insect groups antennomere elaboration is not an
evolutionary labile trait (Nunes et al. 2020; Pacheco et al. 2022). While multiple studies
have examined the distribution of antennal sensory structures in a phylogenetic context
within a group (Nihei et al. 2022; Faucheux et al. 2006; Pacheco et al. 2022; Xie et al.
2025), fewer studies examine the patterns of morphological elaboration of discrete
antennal modules across species (French et al. 2025; Johnson et al. 2022). Closely related
species may retain similar antennal forms because of shared ancestry (Chazot et al. 2016;
Ancajima et al. 2025), whereas similar morphologies may also evolve independently
when lineages experience comparable selective conditions (Trontelj et al. 2012).
Conversely, conspicuous morphological modifications may be lost if their benefits
change across life stages or ecological contexts (Ebenman 1992). Thus, mapping
antennal morphology onto a phylogeny can reveal where shared ancestry is likely to
explain the patterns observed, and where selective pressures may have modified the
antenna. Such phylogenetic patterns do not, by themselves, identify the function of the
antennae; however, they provide an essential first step for generating and prioritizing
hypotheses about the ecological, developmental and functional processes that may
underlie morphological diversity.

Leaf-footed bugs (Hemiptera: Coreidae) provide an opportunity to study the
evolution of antennal variation. Coreidae are a diverse group of phytophagous
heteropterans that display considerable morphological antennal variation; variation
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that is sometimes used as a diagnostic character in species identification (Costa and
Campos 2022; Ruckes 1955). The typical antennae have approximately cylindrical or
rectilinear antennomeres (i.e., antennal segments), whereas some species have
antennomeres that are laterally flattened or widened, here termed antennal expansions
(Fig. 1). These expansions also differ in antennomeres in which they occur (Fig. 1).
Consequently, analyzing the patterns of each antennomere type, rectilinear vs
expanded, might provide additional robustness to inferences about how the underlying
selective pressures or shared ancestry shaping the evolution of the trait.

Antennal expansion in Coreidae also appears to change depending on the
developmental stage the individual is in. Available observations and published
descriptions indicate that some nymphs bear expanded antennomeres that are absent in
the corresponding adults, whereas other taxa retain conspicuous expansions after the
final moult (e.g. Chacén-Lopez et al., 2012; Brailovsky et al. 1998) and others bear
rectilinear antennomeres in all development stages (e.g. Brailovsky et al 1995). For
instance, in Anisoscelis foliacea marginella, the nymphs bear expanded antennomeres that

are lost gradually at each molt, whereas in Holhymenia clavigera, the expansions decrease

in size during growth to adulthood, but are never lost completely (Rodrigues and
Moreira 2005). This developmental variation raises the possibility that adult antennal
expansion may represent retention of a morphology expressed more broadly during
nymphal development. Further, it also raised important questions about the evolution
of these traits, since antennal expansions are recorded in multiple Coreidae nymph
species in fossil record (Cumming and Tirant 2021; Cumming et al. 2024). However, we
are still uncertain about how nymphal morphology influences the patterns of antennal
expansions in adults. Nymphs are difficult to identify reliably to species, especially
when most descriptions and identifications key only describe adults (Brailovsky 2014;
Serna-Mufioz 2026), and antennal morphology may change among instars (Rodrigues
and Moreira 2005), thus generating a gap in knowledge that prevents stronger
inferences about antennal evolution in Coreidae. A comparative approach that
considers both adults and nymphs can therefore provide a more complete view of
antennal evolution in Coreidae, and explain the relationship between adults and
nymphs antenna morphology.

Here, we characterized the distribution of antennal expansion across the
Coreidae phylogeny using Research Grade photographs from iNaturalist and
information from taxonomic descriptions. We first examined adult antennal
morphology at the species level, scoring both the presence of expansion and the
antennomeres in which expansion occurs. We then compile nymphal information at the
genus level and compare the occurrence of expanded antennae between nymphs and
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adults on a matched phylogenetic framework. Specifically, we asked: (1) how is
antennal expansion distributed among the sampled Coreidae lineages?; (2) Has
antennal expansion likely arisen repeatedly across the phylogeny?; (3) Are particular
antennomeres more frequently expanded than others?; And (4) is antennal expansion
more widespread during nymphal development than in adults?

If expanded adult antennae commonly represent retention of a nymphal
morphology, we predicted a pattern with three outcomes: (i) lineages with expanded
adults will also show expansion during nymphal development, (ii) some lineages will
show expansion only in nympbhs, (iii) there will be no lineages that show expansions
only in the adults. By documenting these phylogenetic and developmental patterns, our
study provides a broad comparative basis for future work on the developmental
mechanisms and functional consequences of antennal expansion in leaf-footed bugs. In
particular, the patterns identified here can guide targeted studies testing whether
expanded antennomeres differ in sensillar composition, sensory performance,
mechanical properties, visual signalling or other ecological functions.



Figure 1: Antennae variation among species. A) Pachylis neocalifornicus by Virginia Corral
(@letebile) in iNaturalist. B) Nymph of Pachylis sp. by Timothy Allen Cota (@timothycota). C)
Chondrocera laticornis by Renato Ignacio Guzman (@renatoguzman). D) Nymph of Chondrocera sp.
by Dennis Mayo (@dmayo77). E) Holhymenia histrio by @miguel1958. F) Nymph of Holhymenia
sp. by Matias Bucat (@matias_bucat). G) Chelinidea tabulata by @vsvogelaar. H) Nymph of
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Chelinidea sp. by Joseph Richards (@jrich_tx). I) Alydus calcaratus by Marco Kunz (@lausannois). J)
Nymph of Alydus sp. by Leerke Haffgaard (@alauda_crispus). K) Acanthocerus cruciger provided
by David Kohl (@djhiker). L) Nymph of Acanthocerus sp. by Juan Sangiovanni (@jsangiovanni).
M) Leptoglossus clypealis by Pierre Lamothe (@pierlamothe). N) Nymph of Leptoglossus sp. by
@iwo02022 O) Anasa trilineata by Esteban Diego Koch (@esteban_koch). All by iNaturalist (CC-
NC BY 4.0) P) Nymph of Anasa trilineata.

METHODS

Phylogeny and Antennae Categorization

To search for antennal morphology, we searched data of nymphs and adults of all the
species present in the phylogeny (Forthman et al. 2024), using two approaches. First, we
searched each species by Genus and species in iNaturalist. When matches were found,
we examined how many records showed similar individuals, and if antennae
morphology was consistent across the records. For each species, we selected one
photograph meeting iNaturalist's 'research grade' standard with completely visible
antennae. When we encountered: (i) inconsistencies in antennal morphology within
species; (ii) images lacking entirely visible antennae; (iii) absence of iNaturalist
observations; or (iv) taxonomic uncertainty in image identifications, we searched for the
species taxonomical description using the Coreoidea Species File (Coreoidea Species
File Online, 2025), and used information therein to categorize antennal morphology.
This classification procedure was conducted independently for adults and nymphs. All
data, classifications, images, and reference links were archived on GitHub (see Data
Accessibility section).

We classified antennae as either ‘rectilinear” or ‘expanded’, as this was a reliable
categorization that could be made with high confidence, and is also present in
taxonomic descriptions (e.g., Costa & Campos 2022; Ruckes 1955; Schuh & Slater 1995).
If the antenna had a constant radial shape across all antennomeres, we classified it as
rectilinear (Fig. 11, J, K, M, O). Species that had one or more antennomere with any
other shape were classified as expanded (Fig. 1A, B, C, D,E, F, G, H, L, P). For the
species we did not find reference images nor descriptions reporting the antennomere
shape, and tips identified at genus level (e.g., “Cloresmus sp.”), we classified them as “no
data” and removed them from the final reconstruction. We also annotated in which
antennomere the expansion was present.

Since identifying nymphs to the species level is not reliable, especially when
using photographs, we only identified nymphs to the genus level. However, there were
a few species in which we were certain about the identification, either because we
raised the species ourselves (Anasa trilineata, Zicca annulata), or because of taxonomic
descriptions of development (e.g. Alarcon & Cazorla 2020). Because of this, we could
confirm the presence and absence of antennal expansions in some genera. With this



215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251

information in addition to iNaturalist data, we could find some variation in the presence
of antennal expansions and in which antennomere the expansion was present. In these
cases, we kept the species terminals in the phylogeny to ensure we encompassed known
variation to our dataset. Further, antennal expansion can change throughout the
nymphal stages. Thus, we used the lowest instar recorded for the genus and annotated
that information in the spreadsheet. To compare the nymphal evolutionary tree with the
species-level evolutionary tree of the adults, we also collapsed the adult tree at the
genus level, with the same species terminals of the nymphs tree.

Antennal shape evolution

To assess the evolutionary history of antennal expansions, we divided our analyses in
two parts. First, we assessed the evolutionary history of antennal expansion in the
species-level tree for adults. Our goal with this analysis was to answer if antennal
expansions present repeated evolution across the phylogeny or are present only in a
few taxa, and which antennomere is more likely to be expanded in adults. Second, we
assessed the evolutionary history of antennal expansion in the genus-level tree for
nymphs and adults. With these analyses, our goal was to test if evolutionary history
differed between nymphs and adults, in which developmental stage expansions were
more frequent, and the correspondence between nymphs and adults, i.e., if lineages
only presented expansion if it was present in nymphs.

To implement these analyses, we coded each antennomere as either rectilinear (1)
or expanded (2). We did not categorize the fourth antennomere because it did not vary
among species. We then summed the three antennomeres to have an index of expansion:
3 if there were no antennomeres expanded, 4 if only one antennomere was expanded, 5
if two antennomeres were expanded, and 6 if all were expanded. Because expansion
followed a nested pattern in our dataset —antennomere III was expanded whenever any
expansion was present, antennomere II was added when two segments were expanded,
and antennomere I only when all three were expanded —the number of expanded
antennomeres uniquely represented the observed combinations of expanded segments.
Thus, we had four character states that could transition among themselves. Using Mk
models, we estimated two types of transition matrices, one in which all transition rates
were equal (equal rates, ER), and another in which all transition rates were different (all
rates differ, ARD). We also used the hidden states model to test if there was more than one
evolutionary rate along the phylogeny. The models were the same as before, ER and
ARD. Both were implemented using the phytools package (Revell 2024). To test which
one of the models best described antennal evolution, we compared them using Akaike’s
Information Criterion (AIC). We chose the model with the smallest AIC as the best and,



252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276

when the differences were less than two AIC units, we picked the one with the lowest
degrees of freedom. Lastly, we also used two types of root ancestral state: ‘equal’, where
all states are considered as equally likely; and ‘fitzjohn” where the ancestral state is
estimated as a nuisance parameter along with the data. In case both root states were
equally likely, we opted for the ‘fitzjohn” root estimation. After the best model was
chosen, we used the function “make.simmap()” in phytools with 1,000 simulations to
calculate the number of transitions and the total time the tree spent in each state.

RESULTS

Species-level tree - Adults

We found reliable information for 174 Coreidae species. We found that 161 (92.53%)
have rectilinear antennae and 13 (7.47%) have at least one antennomere expanded
antennae (Figure 2). The most common case was only one antennomere expanded (8
species), always the third antennomere; two and three antennomeres expanded were
more rarely recorded (3 and 2 species, respectively). All species exhibiting antennal
expansions belonged to subfamily Coreinae, and antennae expansions appeared at least
four times independently across Coreinae. Intriguingly, there are no higher-level
lineages where all species present the antennal expansion. Instead, it seems that the
presence of expansion is tied to specific genera, where it is concentrated among
sampled species. For example, Pachylis shows antennomere expansions in all of the 17
described species, also being used as a species diagnostic trait (Costa and Campos 2022).
Chelinidea and Chariesterus follow a similar pattern, where expansions are present in all
species of the genus (Hamlin 1924; Ruckes 1955). Therefore, it seems that shared
ancestry plays a role in the presence of antennal expansion, but only at the genus level.
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Figure 2: Coreidae phylogeny (based on Forthmann et al. 2024) of adults at species level
showing the number of antennomere expanded across the evolutionary history of the group.
Blue denotes a “rectilinear” antenna, purple denotes an antenna with 1 antennomere expanded,
pink with 2 antennomere expanded, and orange with three antennomere expanded. Pie charts
in the nodes denote the ancestral state reconstruction.

The most likely ancestral state of Coreidae is a rectilinear antennae in adults. Our
analyses show that the evolutionary transition model with the greatest support was the
equal rates model (ER; Table S1;). There were approximately 8 transitions among the
number of expansions, in which transitions from no expansions to one expansion were
far more common than the others (4.96 transitions versus 1.5 transitions from zero to
two, and 1.05 transitions from zero to three expansions). Rectilinear antennae also
encompassed most of the total phylogenetic branch length (96.45%).

Genera-level tree - Nymphs and Adults

We found that the nymphal stages of most genera have some degree of expansion in
their antennomere (Figure 3). Out of 87 genus analyzed (with a few exceptions, see
Methods), 59 (67.82%) have a rectilinear antenna and 28 (32.18%) have at least one
antennomere expanded. The most common case was only one antennomere expanded
(12 genus), always the third antennomere; followed by two antennomeres expanded (10
genus) and the less common case was three antennomeres expanded (6 genus).
Differently from what we found for the species-level tree for adults, we found one
genus out of Coreinae with an expanded antenna (Clavigralla sp.) belonging to
Pseudophloeinae, where the nymphal stage shows antennal expansion but the adult
does not. However, all other genera that had expansions were within Coreinae. We also
found multiple tribes where all genera had nymphal stages with antennal expansion
(e.g., Acanthocerini, Merocorini), while other tribes showed variation. For adults, the
pattern was maintained, with only a few genera showing expanded antennae. Both in
nymphs and adults the antennomeres showed the same pattern of expansions. When it
was present, the expansions were always present in the third antennomere. When more
than one antennomere was expanded, only the second antennomere was expanded. The
first antennomere was only expanded if all three antennomeres were expanded. Our
results also showed that 19 genera in the matched dataset had recorded antennal
expansion during at least one nymphal stage but rectilinear as adults (Figure 3).
Therefore, nymphal stages do show more variation than adults in Coreidae and the
only lineages where adults show expansions are lineages where nymphs also show
them.
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Figure 3: Comparison between Coreidae phylogenies (based on Forthmann et al. 2024) of
Nymphs (on the left) and Adults (on the right) at the genus level. In both phylogenies blue
denotes rectilinear antenna (i.e. 0 antennomeres expanded), purple denotes 1 antennomere
expanded, pink denotes 2 antennomeres expanded, and orange denotes 3 antennomeres
expanded. On Nymphal reconstruction lighter colors means a different evolutionary rates in the
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trait based on the hidden rates model. Pie charts in the nodes denote the ancestral state
reconstruction.

The equal rates model with hidden rates showed the strongest support for
nymphs (HRM-ER; Table S2) and equal rates without hidden rates for adults (ER; Table
S3). Nymphs showed 23 transitions between the number of antennomeres expanded
(against only 8 in adults), while spending 79.52% of total phylogenetic branch length as
rectilinear, 7.90% with one expansion, 8.26% with two expansions and 4.32% with three
expansions. The most common transition occurred between zero expansions to two
antennomeres expanded (5.09 transitions), while zero expansions to one antennomere
expanded was similarly common (4.21 transitions), and two antennomeres expanded to
three antennomeres expanded (3.06 transitions) and no expansions to three
antennomeres expanded (2.36 transitions) were the rarest.

DISCUSSION

We investigated how antennal expansion is distributed across the Coreidae phylogeny,
whether expanded antennae have arisen repeatedly, whether expansion is concentrated
in particular antennomeres, and whether its occurrence differs between nymphs and
adults. Our results show that expanded antennae are uncommon among adults and, in
the sampled phylogeny, are restricted to Coreinae; nevertheless, their distribution is
consistent with multiple independent occurrences rather than a single origin within the
subfamily. By incorporating antennomere-specific information and a genus-level
comparison of nymphs and adults, we further found that expansion is more
widespread and morphologically variable during nymphal development. Most
importantly, all genera with expanded antenna in adults in the matched dataset also
showed antennal expansion during at least one observed nymphal stage, whereas
several genera showed expansion only during the nymphal stages. These patterns
indicate that adult antennal diversity should be interpreted in a developmental context
and motivate future tests of the ecological conditions associated with retention of
expansion into adulthood.

Our results suggest that the adult pattern of antennal expansion may be linked to
developmental variation during the nymphal stages. The occurrence of expanded
antennae in all genera with expanded adults, together with the presence of nymphal
expansions in several genera whose adults have rectilinear antennae, is consistent with
the interpretation that adult expansion may represent retention of a morphology
expressed earlier in ontogeny. Available ontogenetic series in Coreidae further indicate
that antennal expansions can decrease in relative size during development, either
disappearing before adulthood or persisting as comparatively smaller expansions in
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adults (Rodrigues and Moreira 2005). Thus, differences in the timing or extent of
antennal expansion reduction across moults can contribute to the diversity of antennal
expansions in adults. Under this hypothesis, the repeated transitions to expanded
antennae inferred for adults may reflect repeated evolutionary retention or
prolongation of a morphology expressed during nymphal development, rather than
repeated de novo evolution of the developmental capacity to produce antennal
expansion. If at least some developmental processes that produce antennal expansion
early in ontogeny are shared across Coreidae, evolutionary changes that reduce,
maintain, or prolong this condition could generate the observed combination of
phylogenetic clustering within some genera and independent occurrences among more
distant lineages. Such a mechanism would make adult expansion evolutionarily labile
because relatively small changes in the developmental trajectory of an existing structure
could produce conspicuous morphological differences among species. This
interpretation remains speculative because little is known about the developmental
basis of antennal growth and remodelling in true bugs (but see Deng et al. 2026 for
other insects). Yet, recent studies in moths have revealed a distinct role of patterning
genes such as aristaless in the evolution of diverse antennal morphologies (Ando et al.
2018). Nevertheless, it provides a testable hypothesis for the developmental origin of
adult antennal expansion in Coreidae.

Adult antennal expansions were recorded only in Coreinae in our sampled
phylogeny, although we identified an expanded nymphal antenna outside this
subfamily in Clavigralla (Pseudophloeinae). This adult pattern raises the question of
whether features of Coreinae ecology or development have favoured the retention of
expansions after the final moult. Schaefer and Mitchell (1983), in their seminal review,
found no single, clear pattern of food-plant association across Coreinae, in contrast to
the more characteristic associations reported for other coreid subfamilies. However,
host use within Coreinae is highly variable, ranging from restricted to broad diets .
Thus, rather than implying that all Coreinae occupy more variable environments, the
ecological diversity of the subfamily may provide a useful context in which to
investigate whether adult antennal expansion is associated with host breadth, host-
plant structure, microhabitat, or other ecological variables.

One possible explanation is that expanded antennomeres alter sensory
performance. Expansion may increase the external surface available for sensory
structures, potentially affecting the number, distribution, or types of sensilla; however,
external enlargement alone does not demonstrate greater sensory sensitivity. This
hypothesis is especially relevant because the broader occurrence of expansion in
nymphs may indicate that antennal morphology is important before adulthood, when
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individuals must locate suitable feeding sites and respond to local environmental cues
with less mobility than adults. Adult retention could then be favoured in lineages in
which a modified antenna continues to provide an advantage during dispersal, host
finding, mate location, or other adult behaviours. Testing this explanation will require
comparative analyses of sensillum density, sensillum types, antennal surface area, and
behavioural or electrophysiological responses in species with expanded and rectilinear
antennae.

A second, non-exclusive hypothesis is that expanded antennae influence
interactions with predators. For example, a conspicuous or laterally expanded
appendage could potentially alter the apparent outline of the insect, divert an attack
away from the body, or contribute to crypsis or warning display. This is especially
relevant for nymphs, which stay close to the host-plant and might be able to regenerate
missing antennae (Maginnis 2008; Emberts et al. 2016). However, there is currently no
evidence that expanded antennae function as sacrificial targets in Coreidae.
Experiments using predator attacks on nymphs and adults, together with observations
of antennal damage, survival, and regeneration across moults, would be required to
evaluate whether antennae provide a defensive benefit. More broadly, comparing
expanded and rectilinear antennae across ecological settings will be necessary to
determine whether similar external morphologies serve a common function or
represent distinct evolutionary solutions in different Coreinae lineages. Alternatively,
recent studies suggest an important role of cuticular expansions, especially those of the
limbs but also including those of the antennae, in directed aerial descent, or gliding in
hemipteran nymphs (Zeng et al. 2024; Zhao et al. 2024). This function in gliding in
nymphs, which is not necessary for flighted adults, may explain the higher occurrence
of this morphology in nymphs relative to adults. However, whether antennal
expansions have a comparable role in Coreidae remains unknown, but provide an
alternative functional hypothesis for the greater occurrence of expansion in nymphs.

We emphasize the only one record of antennal expansions in nymphs out of
Coreinae as a possible lack of records of younger nymphs (i.e. younger than fifth instar).
The disappearance of the trait in later nymphal stages can be a tricky problem, mainly
because nymphs of fifth instar are more often identified at genus or species level, which
hinders taxonomical identifications of younger nymphs on iNaturalist. Our results
suggest increased attention to understanding the role that these antennal expansions
play at nymphal stages in this group, and raises the question of why antennal
expansion was retained in adults only in some species of Coreinae.

In conclusion, antennal expansion in Coreidae appears to be a developmentally
dynamic trait whose adult expression may result, at least in part, from the retention of a
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morphology that is more broadly expressed during nymphal development. The
repeated occurrence of expanded adults within Coreinae, together with phylogenetic
clustering within some genera, is consistent with evolutionary changes in
developmental trajectories rather than with repeated origin of entirely novel adult
structures. At present, the function of these expansions remains unresolved: they may
influence sensory performance, predator interactions, communication, or multiple
functions that differ among lineages and life stages. By documenting the phylogenetic,
antennomere-level and ontogenetic distribution of expansion, our study provides a
comparative framework for future work integrating developmental series, antennal
ultrastructure, sensory physiology, behaviour and ecology to determine why some
lineages retain expanded antennae as adults whereas others do not.
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