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Novel behaviours can spur evolutionary change and sometimes even
precede morphological innovation, but the evolutionary and developmental
contexts for their origins can be elusive. One proposed mechanism to gener-
ate behavioural innovation is a shift in the developmental timing of
gene-expression patterns underlying an ancestral behaviour, or molecular
heterochrony. Alternatively, novel suites of gene expression, which could
provide new contexts for signalling pathways with conserved behavioural
functions, could promote novel behavioural variation. To determine the rela-
tive contributions of these alternatives to behavioural innovation, I used a
species of spadefoot toad, Spea bombifrons. Based on environmental cues,
Spea larvae develop as either of two morphs: ‘omnivores’ that, like their
ancestors, feed on detritus, or ‘carnivores’ that are predaceous and canniba-
listic. Because all anuran larvae undergo a natural transition to obligate
carnivory during metamorphosis, it has been proposed that the novel,
predaceous behaviour in Spea larvae represents the accelerated activation
of gene networks influencing post-metamorphic behaviours. Based on com-
parisons of brain transcriptional profiles, my results reject widespread
heterochrony as a mechanism promoting the expression of predaceous
larval behaviour. They instead suggest that the evolution of this trait
relied on novel patterns of gene expression that include components of
pathways with conserved behavioural functions.

1. Introduction

Novel behaviours can precede and even shape morphological evolution [1,2].
Although several theoretical frameworks have been proposed to explain the
evolution of novel traits [3-6], relatively few empirical studies attempt to use
such frameworks to explain the evolution of novel behaviours [7-9]. Therefore,
an outstanding question is where the raw material for evolutionarily novel
behaviours comes from.

A major mechanism proposed as a catalyst for behavioural innovation is
heterochrony, whereby novel traits arise from shifts in the ontogenetic
(i.e. developmental) timing of the expression of ancestral traits [4,10]. The ‘mol-
ecular heterochrony hypothesis’ specifically predicts that gene expression
associated with an ancestral behaviour will also be associated with a derived
behaviour, albeit during a different stage of development [11]. For example,
sibling care, a behavioural innovation and hallmark trait of eusocial systems,
may have evolved from the precocious display of maternal care in worker
females towards siblings instead of their own offspring [12]. Indeed, a suite of
common genes have been implicated in both sibling and maternal care behaviour
in Polistes wasps [13].

However, other studies have suggested the importance of a genetic ‘toolkit’
in the evolution of sibling care [14]. This alternative hypothesis posits that cer-
tain genes and pathways have highly conserved roles in behaviour across
diverse taxa, and that novel, complex behaviours can be assembled anew
from simpler, pre-existing behavioural modules [8]. Supporting this scenario,
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genetic pathways related to feeding and reproduction in
Drosophila melanogaster are instrumental in the expression of
more complex honeybee social behaviours [14]. Furthermore,
the paucity of analogous, molecular studies in other novel
behaviours or in non-insect taxa leaves it unclear which of
these two hypotheses enjoys more support across animals.
Investigation of the evolutionary paths to behavioural inno-
vation over a broader swath of organisms exhibiting
different behavioural phenotypes would shed light on the
generality of these proposed mechanisms.

Comparing species or populations, one expressing an
ancestral behaviour and the other a derived behaviour, is a
common approach for revealing the evolutionary changes
necessary for behavioural modification [15]. However, the
relative importance of heterochronic expression as the basis
of behavioural innovation is hard to test in many systems
because even closely related species or populations that
retain ancestral behaviours may show a unique profile of
gene expression—unrelated to behavioural differences—as a
consequence of their independent evolution. Examination of
environmentally induced ecomorphs within a species—one
exhibiting the ancestral behaviour and one exhibiting a novel
behaviour—can be useful for identifying expression patterns
specific to the ontogenetic emergence of the novel behaviour.
Spadefoot toads present a system in which this is possible:
larvae (tadpoles) of the genus Spea have the ability to develop
as such ecomorphs based on environment cues experienced
early in development [16]. The ‘omnivore’ morphs forage on
the bottom of ponds for decaying plants and animals, a behav-
iour that likely represents the ancestral state for Spea larvae
[17,18]. Alternatively, ‘carnivore’ morphs, which exhibit
highly derived morphologies and behaviours, are induced
by and specialized for consuming shrimp and other tadpoles.
This morph spends more time in the water column actively
pursuing prey than opportunistically consuming decaying
animals. Although the ecological drivers of this behavioural
innovation are well-studied [19,20], its evolutionary origins
and proximate basis are virtually unknown.

I hypothesized that the predaceous behaviour of Spea
larvae—a novel larval feeding behaviour among anurans—
is the precocious expression of their post-metamorphic
(juvenile and adult) feeding behaviour, which is obligately
predaceous. Assuming that there is a transcriptional signa-
ture of feeding behaviour in brains, I made the following
predictions: if the novel larval feeding behaviour is a product
of accelerated gene expression, carnivorous larvae should
share a greater degree of gene expression with juveniles
than omnivorous larvae; alternatively, if the novel larval feed-
ing behaviour is non-homologous to juvenile feeding
behaviour, then carnivorous larvae should exhibit a greater
proportion of genes with characteristic (i.e. different than
both juveniles and omnivores) expression (figure 1). I further
hypothesized that if the novel larval feeding behaviour is
non-homologous to juvenile behaviour within this species,
then genes with characteristic expression in carnivores
would have conserved behavioural functions in other taxa.

2. Material and methods

(a) Animal collection and breeding
Spea bomifrons (plains spadefoot toad) adults were collected near
Wilcox, AZ in the summer of 2018. Individuals had been housed
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Figure 1. Alternative predictions for heterochronic and non-homologous
gene-expression contributing to a novel, predaceous behaviour in spadefoot
larvae. (a) Depicts a prediction supporting the molecular heterochrony
hypothesis, wherein gene expression in carnivore larvae (carn) is shared
with juveniles (juv) due to their shared feeding behaviour (indicated by
grey shading). (b) Depicts an alternative prediction whereby carnivore
larvae possess novel gene-expression relative to the ancestral type omnivore
(omn) larvae that is not similar to juvenile gene-expression. Two graphs are
provided for each panel to demonstrate potential increases and decreases in
gene expression. (Online version in colour.)

in a colony at Indiana University (IU) before experiments com-
menced in the summer of 2019. Male and female adults were
injected with 0.05-0.1 ml luteinizing hormone-releasing hormone
(Sigma L-7134) to induce breeding and were left in nursery tanks
filled with water for 8 h. Breeding and tadpole rearing were car-
ried out in a room maintained at 25°C on a 12 L:12D reverse
light cycle. All procedures were carried out in compliance with
the Bloomington Institutional Animal Care and Use Committee
at IU under protocol no. 18-011-3.

One sibship was used for this experiment. After hatching
(3 days after breeding), larvae from the sibship were transferred
in groups of five to microcosms filled with 800 ml of water,
which were then randomized and interspersed on racks in the
same room. In Spea, feeding detritus to larvae is highly correlated
with the development of omnivorous behaviour, and feeding
larvae shrimp is highly correlated with the development of car-
nivorous behaviour [19,20]. Thus, on the same day they were
transferred to microcosms, larvae were fed either brine shrimp
nauplii (Artemia sp.) or ground commercial fish food (hereafter
‘detritus’). Ground fish food and brine shrimp resemble the det-
ritus and anostracan shrimp, respectively, that Sp. bombifrons
encounters in nature [19,21]. Because, in nature, the shrimp
that spadefoots feed upon undergo metamorphosis from nauplii
to adults, those microcosms originally fed Artemia nauplii were
switched on the fourth day of feeding (i.e. 7 days after eggs
were laid) to a diet of adult brine shrimp to mirror this transition.
Each diet treatment was represented by 48 microcosms, such that
a total of 480 tadpoles were used across treatments.

On the 17th day after eggs were laid, 24 carnivores from the
shrimp treatment and 24 omnivores from the detritus treatment
were selected. These individuals were first subjected to a larval
behavioural assay (described below) to confirm that the diet
treatment altered their behaviours. Tadpoles within each
morph assignment were randomly distributed among two
sampling categories—a larval time point and a juvenile time
point—resulting in four classes of animals: (i) omnivores; (ii) car-
nivores; (iii) juveniles that were omnivores as larvae; and (iv)
juveniles that were carnivores as larvae (figure 2a).
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Figure 2. Induction of omnivore and carnivore phenotypes in Spea bombifrons. (a) Omnivores (yellow) and carnivores (red) were induced by feeding tadpoles pure
diets of either detritus or shrimp. At 14 days post-hatching, they were assayed for behaviour and, for a subset of individuals, their brains were dissected. The
remaining tadpoles were raised on their respective diets until three weeks post-metamorphosis, at which point their brains were dissected. (b) Brain tissue anterior
(left) of the dashed line was used for RNA extractions. (c) At 14 days post-hatching, carnivores took significantly (p < 0.05) less time on average to consume all
shrimp and ate significantly more shrimp in total. Lines within boxes are median values and whiskers extend to the most extreme data points that are not outliers.

(Online version in colour.)

(b) Behavioural assays and dissections

To confirm that the diet treatments modified larval behaviours,
all tadpoles underwent shrimp-feeding assays. Individuals
were first placed into opaque plastic containers containing
200 ml aged, dechlorinated water. Subsequently, three brine
shrimp were introduced, and tadpoles were observed continu-
ously to measure the time it took each to capture and consume
each shrimp as well as the total number of shrimp consumed.
The assay was stopped after 10 min. In instances where an indi-
vidual consumed no shrimp, the average time to consume
shrimp was recorded as 600 s (the maximum time). The reported
behaviour results reflect the 35 individuals that were ultimately
used for transcriptional analyses. Significant differences in
tadpoles’” average time to consume shrimp, which were
non-normally distributed, were assessed using a Wilcoxon
signed-rank test. Significant differences in the total number of
shrimp consumed by tadpoles were assessed using a generalized
linear model with a Poisson error distribution [22].

Following the larval behavioural assay, individuals in the
larval sampling category were anaesthetized in MS-222, and
brains were dissected out using RNAase-free equipment and
stored in 400 uL. RNAlater (Sigma). The rest of the focal animals
(i.e. those in the juvenile sampling category) were placed indivi-
dually in new microcosms and continued on their assigned diets
for the duration of the experiment. As individuals’ forearms
emerged, they were transferred to private ‘beaches’ containing
both sand and water where they completed metamorphosis.
Once their tails were completely resorbed, individuals were
transferred to microcosms containing only moist sand and
were feed crickets daily. At three weeks after tail resorption,
the juveniles” brains were dissected (figure 2b).

I compared the whole-brain gene expression across larvae
and juveniles because there was no a priori reason to believe

that predaceous behaviour in tadpoles was governed by a
specific brain region. Thus, while a whole-brain approach may
have masked subtle region-specific changes in gene expression
associated with predaceous behaviour, this limitation makes
the revealed patterns more conservative.

(c) Gene expression analyses
After removing samples with low (i.e. <7.5) RNA integrity num-
bers, the following sample sizes were available for differential
gene expression analyses: omnivores (1 =10); carnivores (1 =06);
juveniles that were omnivores as larvae (1 =9); and juveniles that
were carnivores as larvae (n = 10). Full methods for RNA extraction,
quantification, library construction, sequencing, read trimming,
transcriptome assembly and annotation, and read counting are
provided as electronic supplementary material, Methods. Briefly,
RNA libraries were sequenced using the NextSeq75 (Illumina)
and MiSeq600 (Illumina) platforms. The final transcriptome con-
tained 92938 transcripts. From a total of 5310 benchmarking
universal single-copy orthologue (BUSCO) groups searched,
89.1% were categorized as complete (74.9% as single-copy and
14.2% as duplicated), 2% as fragmented and 8.9% as missing
BUSCOs. 21238 of the transcripts were annotated to gene level
for use in differential gene expression and pathway analyses.
Trimmed reads were assembled using Trinity [23] and
SPAdes [24] and combined using an Evigene [25] pipeline. The
quality of the assembly was assessed using BUSCO statistics.
Resulting transcripts were blasted against Swissprot, the X. tropi-
calis proteome (ENSEMBL) and the S. multiplicata proteome [26],
and the results were combined using the Trinotate [27] pipeline,
which also added KEGG (Kyoto Encyclopedia of Genes and
Genomes) and Gene Ontology terms for annotated proteins (elec-
tronic supplementary material, table S1). Salmon [28] was used
to map and quantify original transcripts, and the resulting
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counts were imported to R using the package tximport [29].
A gene table was generated using the package DESeq2 [30]
and merged with annotations from Trinotate.

I used three approaches to determine which of the two larval
treatments was more similar to juveniles with respect to brain
gene-expression. First, I visually assessed the data using
principal component analysis (PCA). Second, I performed a hier-
archical cluster analysis (HCA) using the R package pheatmap
[31] on variance stabilized counts to determine clusters of similar
levels of gene expression at a genome-wide level. Specifically, I
considered the 9992 genes which possessed at least one exper-
iment-wide significant difference (p.q;<0.05) across the four
groups (carnivores, omnivores and juveniles derived from
either carnivores or omnivores) as determined by a likelihood
ratio test implemented in DESeq2 (clustering results for all repli-
cates and all genes are provided in electronic supplementary
material, figure S2). Relationships between groups were
determined using Euclidean distances.

Third, I used differential gene expression analysis to compare
animal groups. To correct for multiple hypothesis testing, only
genes that were significant in a global likelihood ratio test
across the four animal groups (see above) proceeded to assess-
ment at a pairwise level [32]. The experiment-wide corrected
gene list was then analysed in a GLM using an animal group
as a factor with four levels, from which pairwise comparisons
were extracted. I specifically quantified the number of signifi-
cantly (paq;) differentially expressed genes in three contrasts:
(i) carnivore larvae versus juveniles derived from carnivores;
(ii) omnivore larvae versus juveniles derived from omnivores;
and (iii) carnivore larvae versus omnivore larvae.

The differentially expressed genes from these contrasts were
used to make gene lists that were characteristic of either carnivore
or omnivore larvae (method summarized in electronic
supplementary material, figure S3). Genes expressed characteristi-
cally by omnivores were those significantly different from juveniles
derived from omnivores (contrast ii) and significantly different
from carnivores (contrast iii), and in the same direction (figure 1a).
Likewise, genes expressed uniquely by carnivores were those sig-
nificantly different from juveniles derived from carnivores
(contrast i) and significantly different from omnivores (contrast
iii), and in the same direction (figure 1b). Genes expressed charac-
teristically by carnivores provide evidence for non-homologous,
rather than heterochronic, gene-expression. These gene lists were
used in enrichment analyses, below. A parallel method for gener-
ating these lists—by contrasting either omnivores or carnivores to
all remaining groups—yielded qualitatively similar results and is
presented in the electronic supplementary material.

(d) Gene Ontology analysis

To further understand in what ways carnivores were characteristi-
cally different from omnivores and juveniles, I performed Gene
Ontology (GO) term enrichment analyses on genes whose
expression was characteristic of either carnivores or omnivores
using ‘Biological Processes’ annotations in the topGO package in
R using the weighted Fisher’s exact test [33]. The default algorithm
used by topGO is a weighted algorithm, wherein the p-value of a
GO term is conditioned on neighbouring terms and multiple test-
ing theory does not apply. Nevertheless, the false discovery rate
(FDR) corrected p-values were also calculated and are provided
in electronic supplementary material, table S4.

3. Results
(a) Predaceous behaviour is induced by diet

The shrimp-eating behaviours of tadpoles were
significantly influenced by morph (figure 2c); carnivore
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Figure 3. Brain gene-expression in larval carnivore, larval omnivore and
juvenile Spea bombifrons. (a) Clustering of brain gene-expression based on
principal component analysis of genes significantly different among at
least one of the animal groups (p,q <0.05) are presented. Omnivore
larvae are depicted in blue; camnivore larvae are depicted in red; juveniles
derived from omnivore are depicted in brown; juveniles derived from
carnivore are depicted in black. (b) Hierarchical clustering analysis of brain
gene-expression patterns shows that carnivores are not more similar to juven-
iles than are omnivores. Each row in the heat map represents a gene with a
significant difference (p,g; < 0.05) in expression across animal groups. For
clarity, juveniles derived from each diet are grouped and 600 of the 9992
genes with the smallest p,q are shown. Colours represent the mean
expression level of that gene across all individuals minus the mean expression
level of that gene across individuals within a group; green and blue indicate
relative over- and under-expression, respectively, while white indicates more
intermediate levels of expression. (Online version in colour.)

larvae consumed shrimp faster on average (W=218.50,
p=0.01) and consumed more overall shrimp (z3) =2.64,
p <0.001).
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Table 1. Gene Ontology enrichment. Listed are Gene Ontology categories that were enriched among genes characteristically expressed in camivore or omnivore [
brains. Full results are listed in electronic supplementary material, table S4.

S
significant genes %
GO category group ID genes in group in group %
enriched among genes characteristically expressed in carnivores %
Hlbéabrriin»g .......... a4 o . o w - BV g
regulation of NMDA receptor activity G0:2000310 12 6 570 x 10° :3
memory Conves w L o %
negative regulation of insulin secretion G0:0061179 5 3 0.003 %
. ‘b‘raih‘de\/élo'pmén‘t S oo s o e B
vl loming oo . o s
cerebral cortex development G0:0021987 72 10 0.004 ;
insulin secretion G0:0030073 142 16 0.004 g
Iohg;term synapfit ‘pdtentiatiohl ‘ GO:0060291 o 62 ‘ o 12 ‘ 0.006 ;
startle response G0:0001964 20 6 0.006 §
b womse S e g
ongtem memary W B e o £
NMDA glutamate receptor clustering G0:0097114 3 2 0.013 -
hippocampus development G0:0021766 43 8 0.013
 emiounl ear réspbrisé S oot 0 o e
trans-synaptic signalling by BDNF G0:0099183 4 2 0.024
 positive regulation of long-term neuronal synaptic plastiity ~~ Goo4g170 4 P 04
adult behaviour G0:0030534 100 17 0.031
enriched among genes characteristically expressed in omnivores
neuropeptide signalling pathway G0:0007218 82 4 0.001
R bpércbepti‘oh‘ e BT wonel 1w o o
feeding behaviour G0:0007631 61 4 0.008
‘somatostatin sectetion 600070253 5 . 0023
response to food G0:0032094 19 2 0.027
grthh hormone feteptor sign‘aII‘in‘g pathway 00060397 6 - 1 ‘ 0028
adult feeding behaviour G0:0008343 10 1 0.045

larvae, I assessed how they were enriched in GO categories.
Notably, gene expression characteristic of carnivore larvae

(b) Predaceous behaviour is associated with
characteristically expressed genes

was enriched in GO categories related to learning, memory
Two lines of evidence from this study reject widespread

and social behaviour (table 1; electronic supplementary
material, table S5). These genes included many candidates
that, in other taxa, modulate behaviours that might contrib-
ute to the novel predaceous behavioural phenotype of Spea
carnivores (figure 4; see Discussion).

heterochronic gene expression as a mechanism contributing
to the novel predaceous behaviour in Spea tapdoles. First, the
principal component analysis and hierarchical cluster analysis
grouped gene-expression patterns of omnivore and carnivore
larvae together rather than grouping gene-expression patterns
of carnivores with juveniles (figure 3). Second, this result was
mirrored by the number of significant gene expression patterns
characteristic of either ecomorph (electronic supplementary

4. Discussion

material, table S4). Carnivores possessed 1481 genes with a
characteristic expression pattern while omnivores possessed
only 102. Thus, the transcriptional profiles suggest a limited
role for heterochronic gene-expression in promoting the
novel predaceous behaviour.

To further understand the function of genes characteristi-
cally expressed in the brains of carnivore and omnivore

Heterochronic shifts have historically been implicated as a
major mechanism generating evolutionary innovation [34],
including novel behavioural phenotypes [4]. One important
prediction from this hypothesis is that shifts in the
developmental onset of phenotypes will be mirrored by
shifts in gene expression profiles, and specifically brain
gene expression when the phenotype under consideration is
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Figure 4. Patterns of brain gene expression in candidate genes for feeding and aggression in carnivorous tadpoles. Boxplots display select genes pertinent to the
novel predaceous behaviour that were characteristically expressed in carnivore (carn) brains relative to omnivores (omn) and juveniles (‘juv’, derived from either
omnivores in brown or carnivores in black). Lines within boxes are median values of natural log transformed gene-expression and whiskers extend to the
most extreme data points that are not outliers (indicated by dots). Abbreviations: DBXT, developing brain homeobox 1; CYPT9A1, aromatase; 5-HT2A, serotonin
receptor 2A; NPYRT, neuropeptide Y receptor Y1; LEPROTL, leptin receptor overlapping transcript (homologue of X. /laevis leptin receptor overlapping

transcript-like); VTR, vasotocin receptor. (Online version in colour.)

a behaviour [11]. Although there are several vertebrate
examples in which heterochrony is invoked as the mechan-
ism underlying behavioural variants [35,36], there are
very few empirical studies to support this mechanism at a
molecular level (although see [37]). Here, I provide a test of
the molecular heterochrony hypothesis using a species from
a spadefoot toad clade that has evolved a novel larval feeding
behaviour. I found that the transcriptional profiles of larval
carnivore brains are not more similar to those of juvenile
brains than are larval omnivore brains. Instead, a novel
suite of gene expression associated with learning, memory
and social behaviour in other taxa is associated with the
novel predaceous behaviour in carnivore larvae. Thus, the
expression of genes—specifically, those with conserved
behavioural functions—in a novel context can provide a
substrate for new and complex behaviours.

These findings indicate that the predaceous and often
cannibalistic behaviours of carnivore tadpoles are not
homologous to, but fundamentally different than, the predac-
eous behaviours of juveniles. Although seemingly similar,
there may be important ways in which carnivory differs
before and after metamorphosis. For instance, whereas
carnivore larvae may need to modify their social behaviours
in order to consume kin, or even avoid consuming kin
[38,39], juveniles—which consume terrestrial invertebrates
[40]—would not require such social decision making.
Likewise, carnivores are characterized as behaviourally bold
(sensu [41]), yet it would be imprecise to liken the boldness
of carnivorous larvae to juveniles given that they encounter
different predators and their

risks  in respective

environments. These results underscore the importance of
characterizing the mechanisms underlying behavioural
traits before inferring homology, even across life stages
within the same species.

If gene expression associated with the induction of
predaceous larval behaviours does not reflect a shift in the
timing of existing developmental pathways, where do these
‘novel’ patterns come from? The behavioural genetic toolkit
theory proposes that when organisms evolve similar beha-
viours due to shared ecological conditions and selective
pressures, they will also use the same underlying genetic
pathways [42,43]. Although I identified no candidate genes
or pathways modulated in carnivore larvae that are associ-
ated with cannibalism per se, significant differences did
occur in genes and pathways associated with behaviours in
other vertebrates that represent components of the carnivore
larvae’s predaceous behaviour. For instance, vasotocin sig-
nalling in amphibians and other animals (as vasopressin in
mammals) is widely appreciated as a mediator of social inter-
actions [44,45], and such interactions are also likely to be
important in the cannibalistic actions of the carnivore
morph [38,39]. Additionally, vasotocin and serotonin signal-
ling, as well as aromatase activity, are all associated with
aggression [46-49], a key component of the larval carnivore’s
behaviour. Finally, neuropeptide Y receptor has a conserved
role in feeding behaviours [50]. Given these parallels, my
results suggest that the novel larval behaviour in spadefoots
is a mosaic of behavioural elements seen in other contexts
[51,52]. Future functional experiments validating the role of
these individual genes in the expression of predaceous
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behaviour would shed light on whether the behavioural
toolkit was key to promoting the evolution of this novel trait.

In this study, I found limited evidence for widespread
heterochronic gene expression in the brains of carnivore
larvae. It is important, however, to acknowledge that a
heterogeneous sample such as a whole brain may not have
revealed otherwise important transcriptional differences
more locally. Specifically, it is additionally possible that
heterochronic changes in a small number of feeding- or
aggression-related neurons in carnivores may also be impor-
tant but are obscured by the more pervasive, brain-wide
patterns that I report here. Thus, while the results from the
current study should reject widespread heterochrony in the
origins of this novel larval behaviour, future studies of
specific brain regions or neurons might reveal whether het-
erochrony plays a more targeted role in its expression.

Here I have tested the molecular heterochrony hypothesis
in a vertebrate species, specifically with respect to the evol-
ution of predaceous larval feeding, a novel and complex
behaviour. Although this hypothesis has garnered support
in several other systems [13,14,53], my results indicate
that non-homologous gene expression—specifically the
expression of genes with conserved behavioural functions
in other taxa—fuelled the emergence of this particular behav-
ioural innovation. Further, my results establish spadefoots as
a model to empirically assay and comparatively analyse
genes underlying a recently evolved behaviour. For instance,
assessing transcriptional variation among species and
families of Scaphiopus—a closely related spadefoot clade
that does not produce the carnivore morph—that correlates
with behavioural components of carnivory (e.g. aggression)
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