


Review article

W r&““’“‘\‘*“”

correlates with dietary habits and varies according to feeding strategies
and dietary needs?**”'®. The Neoaves exhibit a greater diversity inbeak
shape compared to the Palaeognathae and Galloanserae (Fig. 5c), with
certain lineages displaying highly specialized forms, like the elongated
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beaks of hummingbirds for nectar feeding and the robust beaks of
woodpeckers adapted for boring in wood and specialized foraging
behaviours?”*5, This disparity among avian clades further suggests
thatvariationinspatial and climatic heterogeneity, along with localized
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Fig. 5| Tempo and mode of avian morphological evolution. a, Ancestral
reconstruction of avian body-mass evolution through time, showing substantial
change near the K-Pgboundary (dashed line). Solid lines represent mean values,
and shading indicates the 95% confidence interval. b, Ancestral reconstruction
of avian relative brain-size evolution through time, showing major shifts near
the K-Pgboundary (dashed line). Solid lines represent mean values, and shading
indicates the 95% confidence interval. ¢, Principal component analysis (PCA)

of bird beak shapes, illustrating beak diversity within Neoaves. Negative PC1
values are associated with smaller beaks, negative PC2 values indicate shorter
beaks, and negative PC3 values reflect beaks that are deeper and narrower in
shape. lllustrations exemplify the morphological diversity of the bird beak.
Clades are assigned following ref. 30. Alto, Alca torda; Anle, Anodorhynchus leari;
Anin, Anser indicus; Arcl, Arachnothera clarae; Baha, Batrachostomus harterti;
Cala, Calyptorhynchus lathami; Chol, Chlorostilbon olivaresi; Frar, Fratercula

arctica; Memi, Mellisuga minima; Plaj, Platalea ajaja; Pnal, Pnoepyga albiventer;
Rusc, Rufirallus schomburgkii; Ryal, Rynchops albicollis; Stca, Struthio camelus;
Syat, Sylvia atricapilla. d, Global distribution of bird wing shapes by hand-wing
index (HWI), highlighting variations and geographical distribution in wing
morphology. Wing length (Lw) is the distance from carpal joint to the tip of

the longest primary feather. Secondary length (S1) is the distance from carpal
jointto the tip of the first secondary feather. e, Birds show varying degrees of
sexual size dimorphism (SSD) throughout the phylogeny. Black dots indicate
monomorphism. Bars indicate body-mass bias within SSD, and the colour

of the barindicates the type of SSD bias (purple for males, gold for females).
Branch coloursindicate clade. Bird shape ind adapted fromref. 223, CCBY 4.0
(https://creativecommons.org/licenses/by/4.0/). Datain parts aand b are from
ref.30.Datain part c are fromref. 208. Data in part d are from ref. 39. Sexual size
dimorphism datain part e are from ref. 234. Phylogeny in part ffollows ref. 38.

selection pressures among different ecosystems, probably has a crucial
role in shaping morphological diversity.

Wing shape is also an important trait in the adaptive radiation
of birds. The interplay of ecological factors, evolutionary pressures
and behavioural adaptations during periods of rapid radiation has
resulted inthe remarkable diversity of wing shapes observedinmodern
birds?**°, Wing shape can be quantified in several ways, one of which
is the hand-wing index (HWI), which is used to model a bird’s wing
shape (rounded versus pointed)®”, and can predict flight efficiency
and dispersal capabilities?®*?2, For example, flightless bird lineages
like ratites exhibit the lowest HWI, whereas highly dispersive clades
such as shorebirds and swifts tend to have high HWI values®*. HWI
values vary among bird lineages and across geographic distributions
(Fig. 5d). Species with a higher HWI are often characterized by migra-
tory tendencies, lower territoriality and a preference for habitats with
large temperature fluctuations during the breeding season; these traits
collectively enhance dispersal capabilities, which have a crucial role
ininfluencing the potential for speciation within specific geographic
regions. The ability to migrate and occupy diverse environments
enables species to exploit various resources and adapt to different
selective pressures, driving diversification. In regions that present
distinct ecological opportunities, such as oceanicislands with varied
ecological niches across elevation gradients (for example the Hawai-
ian archipelago or the Galapagos Islands), or during periods of major
environmental upheaval (like the K-Pgboundary event), species with
higher HWI would have greater ability to colonize and adapt to avail-
able niches??, potentially promoting adaptive radiation*****, Under
stable environmental conditions, extremely reduced dispersal would
limit colonization of new areas and gene flow between populations.
Conversely, very high dispersal abilities could homogenize populations
and prevent speciation. Anintermediate level of dispersal ability might
therefore optimize the balance between colonization opportunity and
population isolation necessary for diversification®**?*, Thus, HWI
represents a key trait influencing both dispersal and the subsequent
evolutionary pathways that lead to increased biodiversity through
adaptive radiation*”.

Morphological diversity in birds has also been influenced by sexual
selection, whichis amajor driver for the evolution of traits that enhance
reproductive success and affect ecological interactions?*°?*', Sexual
selection often resultsin pronounced sexual dimorphism, with males
and females displaying distinct morphological traits that serve as
signals in mate choice and social competition. Such traits can rapidly
diverge, leading to reproductive isolation and facilitating speciation

during an adaptive radiation”>***, Over 96% of 4,761 investigated bird
species display sexual size dimorphism (SSD), with the majority of
orders predominantly exhibiting male-biased SSD, indicating perva-
sive male-biased sexual selection”* (Fig. 5e). Of notable interest when
exploring SSD are the Passeriformes. The body mass of both sexes in
the Passeriformes has further decreased in conjunction with their rapid
radiation following the split from other Neoaves groups®* (Fig. 5e),
butthe evolutionary rate of changes in body mass in females has been
higher than in males within this order. These patterns suggest that
both fecundity selection (mediated by female-female competition)
and male-bias sexual selection (favouring larger males) contribute to
the evolution of SSD in the Passeriformes®*. Furthermore, consistent
with the hypothesis that sexual selection can drive speciation, the
prevalence of male-biased sexual selection through SSD is positively
correlated with speciation rates within the Passeriformes®.

Colour ornamentationis another classical trait under strong sex-
ual selection in birds, as evidenced by numerous striking examples
of sexual dichromatism in species with highly polygynous mating
systems®**?¥, Although sexual selection is the strongest predictor of
plumage dichromatisminthe Passeriformes, the elaboration of sexual
ornamentationis closely linked to variations in other morphological,
socialand life-history traits*****. For instance, tropical species or spe-
cieswithrelatively larger body sizes are found to display more elaborate
ornaments. This association probably exists because ornamental
traits are often employed in competitive interaction for non-sexual
resources”>**°, Consequently, the interplay between sexual selection
and other natural selection might have jointly influenced trait diversity
during the rapid radiation of birds.

Avian radiation and genomic diversity

The level of genomic diversity among modern birds is a testament
to their evolutionary resilience and adaptability. Although bird
genomes are generally compact and conserved compared to other
vertebrates'®>'*®, many genomic features exhibit striking diversity
among different bird lineages. This variability can manifest in several
ways, such as karyotype structure, gene contents, regulatory elements,
TEs and mutation rate. Germline mutation rates display over 40-fold
variationamongbird species, ranging from 9.79 x 10° mutations per
site per generation in the snowy owl to 3.98 x 10~ mutations per site
per generation in Darwin’s rhea”"’. Furthermore, mutation rate across
generationsis strongly correlated with substitution rates across species
inbirds®*. Lineage-specific variations in substitution rate are positively
correlated with species richness per order'* (Fig. 6a), suggesting that
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Fig. 6 | Trendsinaviangenomicevolution. a, Relationship between base
substitution rate per million years and species richness at the ordinal level.
Thesolid line represents the correlative trend and shading indicates the 95%
confidenceinterval. b, Evolutionary strata of avian sex chromosomes, illustrating
diversification across bird lineages. The blue shading indicates the recombining
regionsinthe Z or W chromosome. The black hatching denotes the homologous
recombination between proto-sex chromosomes at pseudoautosome regions

(PAR). Grey bars represent degenerate regions in W chromosomes. ¢, Lineage-
specific sequence percentages highlight the proportion of unique genomic
features present in each major bird order. d, The DNA/CISL sequence is conserved
in Passeriformes and shows highly conserved synteny with neighbouring genes
across the clade when compared to other bird groups. Datain parta are from
ref.184. Part b adapted with permission from ref. 258, American Association for
the Advancement of Science. Datain parts cand d are from ref. 38.

microevolutionary processes at the molecular level have profound
effects on long-term macroevolutionary patterns.

Mostbird genomes contain nine or ten pairs of macrochromsomes
and 28-34 pairs of microchromosomes, which are defined according to
their size******, Macrochromosome counts are highly conserved across

species, whereas the number of microchromosomes varies across
avian taxa. For instance, the chicken (Gallus gallus, Galliformes) and
zebrafinch (Taeniopygia guttata, Passeriformes) both possess 33 pairs
of microsomes®****, raptors from the Accipitridae (Accipitriformes)
have the lowest microchromosome counts (ranging from 2 to 12)
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and the Coraciiformes have the highest microchromosomes counts
(exceeding 100)**°, Bird microchromosomes are distinguished by
their high gene density, high GC content and increased recombination
rate’>?". Despite their small size, accounting for only 25% of the bird
genome, microchromosomes encode approximately 50% of genes,
thus strongly influencing avian evolution®®, Microchromosomes
themselves are highly conserved, showing a one-to-one orthology
even among distantly related bird species. However, gain and loss of
microchromosomes through fusion and fission has been observed in
many lineages, representing major interchromosomal changes during
avian diversification®”>****°, Almost all bird genomes also have a pair
of female heterogametic sex chromosomes (ZZ in males and ZW in
females), which originated from an ancestral autosome®"*? The tra-
ditional view on sex-chromosome evolution holds that the sex-specific
W and Y chromosomes have usually lost most of their genes owing to
recombination suppression with their ancient homologs, the Zand X
chromosomes, resultingin the gradual reduction of Wand Y chromo-
somes, asis observed in chicken and human®*>*. However, karyotyping
analyses across 200 bird species have revealed substantial variationin
thelength of W chromosomes, even among closely related species, indi-
cating that the evolutionary dynamics of these chromosomes might
be more complex than previously assumed®*. Palaeognathae species,
like ostrich and emu, maintain long pseudoautosome regions (PARs)
spanning two-thirds of their Zchromosome, and the Z chromosomes
largely resemble their ancestral state™>>* (Fig. 6b). By contrast, differ-
ent Neognathae lineages exhibit substantial variation in PAR length,
probably owing to lineage-specific recombination suppression events
that vary by emergence time and the genomic regions involved. Sur-
prisingly, some species of Neoaves have retained a substantial number
of functional genes within the non-recombining regions of their W
chromosomes®®, potentially under sexual selection®’. Finally, fusion
ofthe Z/W chromosomes and autosomes has been identified in many
bird species, resulting in neo-sex chromosomes***%%° ¢ This process
offersanalternative evolutionary trajectory that contributes to the rich
gene contents found inthe W chromosomes of these species, thereby
enhancing the diversity of sex chromosomes among avian lineages.

Theinter-species variation in genome size among birds is associ-
ated with the metabolic demands of powered flight. Species such as
hummingbirds with the highest metabolic rates tend to have smaller
genomes, whereas the flightless ratite species are among those exhibit-
ing larger genome sizes'®*'*%?** Nevertheless, the increased genome
size in ratite does not appear to be related to the lineage-specific
gains of DNA; instead, the flightless speciesin ratites generally exhibit
notable lower rates of genomic deletion and maintain more ancient
TEs than flying birds'®>. Consistently across the Neoaves there is a
negative correlation between DNA deletion rate and body mass®®,
supporting the hypothesized link between metabolic rate and genomic
size reduction'. Some of these DNA losses might be adaptive and
functionally relevant, especially when they occur in protein-coding
gene regions. For instance, all extant penguin species have lost the
genes encodingtaste receptors for umami, sweet and bitter tastants,
resulting in a substantial reduction in the sense of taste in modern
penguins®>¢,

The frequency of lineage-specific DNA gains does not correlate
with flight capability; however, it varies substantially across line-
ages (Fig. 6¢), ranging from 0.2% to 5.5%°. These DNA gains can arise
through gene duplication. For example, DNA/CISL is a gene specific to
the Passeriformes, derived from retrotransposition, which has main-
tained highly conserved synteny with neighbouring genes across the

Passeriformes sinceits emergence (Fig. 6d). The dynamics of TEs also
contributes to genome-size variation across bird species. Recurrent
activity of young TEs in certain avian lineages has led to differences
in TE contents among birds, with the downy woodpecker exhibiting
the highest abundance of TEs making up over 22% of the genome®®.
Almost allamniote genomes contain endogenous retroviral sequences,
which are the remnants of ancestral invasion of reverse-transcribing
single-stranded RNA viruses with long terminal repeats (LTRs). These
endogenous retroviral sequences are often deleted through unequal
homologous recombination, leaving solitary long terminal repeats
(solo-LTRs)™". Birds have an unusually high rate of solo-LTRs compared
toother amniotes, suggesting strong evolutionary pressure to remove
endogenous retroviral sequences during avian evolution. However,
Passerida species, within Passeriformes, have experienced recurrent
invasion of ERVK, an endogenous retrovirus family that also invaded
several other animal lineages during the Palaeogene-Neogene tran-
sition period at around 22.4 million years ago. The accumulation of
ERVK solo-LTRs appears to accompany the speciation events of this
parvorder, indicative of high ERVK activity and an ongoing expansion of
these solo-LTRs throughout the diversification of these Passeriformes
over the past 22 million years™'. Some of these solo-LTRs have been
co-opted as cis-regulatory elements controlling the temporal and spa-
tial expression patterns of host genes, suggesting that the expansion
of ERVKs might have introduced novel genomic materials contributing

to adaptive evolution of the host species'”’.

Trait evolution and climate adaptation

Climate changeis a critical driver of evolutionary processes, influenc-
ing species adaptation, distribution and interactions, and canlead to
extinction by imposing selective pressures on reproduction, survival,
growth and dispersal®*”?°%, The past 50 years feature the most dra-
matic climate change in recorded history®®’, which, alongside habitat
destruction and species exploitation, has contributed to a58% decline
invertebrate populations and placed over a quarter of surveyed spe-
cies at risk of extinction”°*”", This signals the urgent threat of the
sixth mass extinction, which could disrupt essential ecosystems and
biodiversity worldwide. Importantly, the ways in which species cope
with or are affected by climate change can vary substantially, even
among closely related or sympatric species, owing to differences in
their biological traits and ecological roles?’>*>, For instance, smaller
species tend tobe more tolerant of climate change than larger species,
particularly under warming conditions, owing to the reduced meta-
bolic cost and nutrient demands associated with small body size”* ",
This finding aligns with evolutionary trends in body mass during the
avianradiation, as well as fossil records showing that many marine and
terrestrial organisms shrank during previous warming periods>* 2%,
Body massis central to understanding trait-traitinteractions because
of its role in explaining variations in other biological traits and eco-
logical processes, such as metabolicrate, lifespan, reproductionand
territory range®' %, In the case of birds, specific traits such as beak
shape or feeding behaviour also have crucial roles in determining
how species respond to environmental pressures®® (Fig. 7a). This
process is exemplified by the adaptive radiation of Darwin’s finches,
which underwent dramatic diversificationinbeak formand function
to exploit various feeding niches?**?*”. Moreover, species with larger
population size or greater genetic diversity are often more resilient
and capable of adjusting their life-history traits (Fig. 7a) to survive
in new environmental contexts*®. Given the complex and multifac-
eted nature of species’ response to climate change, acomprehensive
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Fig.7|Lineage-specific responses to climate change can aid in predicting
avian demographic sensitivity. a, Climate change effects influence avian life-
history traits and adaptive capacity. b, Demographic history change of Penelope
pileata (white-crested guan, left) and Vidua chalybeata (village indigobird,
right) over the past million years, exemplifying two distinct patterns of avian
population dynamics. The coloured bar represents the global temperature (°C)
changes over time. Ma, million years ago. ¢, Principal components (PC) analysis
of change in functional-trait space occupation of bird species over the past
million years. Contour lines represent the density of species in the defined
space and the arrows depict peripheral regions of functional space that have
eroded over time. Anpl, Anas platyrhynchos; Anin, Anser indicus; Arin, Arenaria
interpres; Busc, Bubo scandiacus; Cuca, Cuculus canorus; Fugl, Fulmarus glacialis;

Hemy, Hemiprocne mystacea; Rham, Rhea americana; Syat, Sylvia atricapilla.
d, Network effects of key morphological and life-history traits on demographic
responses to climate warming. During climate-warming scenarios, Numida
meleagris (helmeted guineafowl) —alarge-bodied bird species with relatively
small eggs and rounded wings — exhibits demographicincreases, whereas
Limosa lapponica (bar-tailed godwit) —a small-bodied bird species with large
eggs and slender wings — exhibits demographic decreases. e, Life-history trait
relationships to climate effects, such as global warming, can be used to predict
future demographic change. HWI, hand-wing index. Datain partb are from
refs.39,309. Part cadapted with permission fromref. 290, PNAS. Part d adapted
from ref. 39, Springer Nature Limited.

understanding of trait evolution and interactions could provide valu-
able insights to inform effective conservation strategies to protect
vulnerable species.

The full genome not only captures the current genetic diver-
sity of a species but also reflects its demographic history. By mod-
elling the coalescent events across diploid genomes as a Markov
process, the pairwise sequentially Markovian coalescent (PSMC)
method estimates changes in population size over time based on the

distribution pattern of genetic diversity*’. This approach enables

the reconstruction of a population’s historical dynamic, including
bottlenecks or expansions, over the past million years in conjunc-
tion with climatic events, such as ice ages or global temperature
fluctuations (Fig. 7b). Integrating data on life-history traits with
historical demographic changes can elucidate how functional-trait
space and trait-interaction networks have evolved in response to
past climate shifts*° (Fig. 7c), and can predict how these response
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mechanisms could function under current and future climate
conditions*'. Demographic histories across avian families indicate
that longer incubation duration and larger clutch sizes are associ-
ated withiincreased effective population size (N,) during periods of
climate warming® (Fig. 7d). By contrast, shorter incubation dura-
tion, lower HWI and longer bill lengths correlate with increased N,
during climate cooling®. Furthermore, phylogenetic path analyses
of trait interactions and climate responses demonstrate that spe-
cies exhibiting a combination of larger body masses, lower HWIland
smaller egg masses were more likely to adapt to climate warming®
(Fig. 7e). Given that greater body mass exerts a positive effect on
egg mass and a negative correlation with HWI®, it is likely that the
positive effect of body mass is counterbalanced by the associated
increase in egg mass or decrease in HWI. This example emphasizes
the complex trade-offs among reproductive, survival, growth and
dispersal traits in the context of evolutionary responses to climate
change. Such trait-network influences on long-term demographic
responses to climate change largely align with the contemporary
global distributions of bird species: those in tropical latitudes gener-
ally exhibitlonger incubation durations and longer bills, but smaller
clutch sizes, smaller eggs, lower HWIs and reduced body mass®.
Understanding theintricate relationships between life-history traits
and demographicresponses not only enhances our comprehension
of species adaptations to past climate changes but also provides
criticalinsights for predicting future resilience in the face of ongoing
environmental shifts.

Summary and future directions
Rapid radiation promotes the formation of biodiversity by facilitat-
ing the accelerated diversification of species in response to ecologi-
cal opportunities and environmental changes. This process not only
enhances species richness but also boosts genetic and functional
diversity within brief geological time windows, representing the most
dramatic bursts of speciation and adaptation. The diversification of
Neoaves near the K-Pg boundary is a seminal example of rapid radia-
tion, leading to the rise of 95% of extant bird species. This event has
been extensively studied over the past century, offering insight into
the patterns and mechanisms of rapid radiation. However, temporal
bursts of diversification generate several unresolved questions that
hinder complete understanding of the detailed course of the radiation
process and its driving forces. The rapid pace of speciation and the
complex patterns of evolutionary divergence within the Neoaves clade
have madeit difficult to reconstruct the deep-branchingrelationship
and precise timing of the radiation. Furthermore, disentangling the
relative contributions of various potential drivers (such as environ-
mental changes, the emergence of key adaptations, and ecological
opportunities) remains anactive area of research. Unravelling the com-
plexinterplay of these factors that facilitated the dramatic bursts of
diversification within this bird group continues to be animportant
goal for evolutionary biologists.

Phylogenomics is a swiftly progressing field that offers promis-
ing approaches to unravelling the complex puzzles of rapid radiation
processes and mechanisms. Indeed, the accumulation of additional

Glossary

Avialan Loci

Any member of the clade Avialae,
which includes all modern birds

and their most immediate extinct
relatives among non-avian dinosaurs;
the term has been extensively used
in studies of Mesozoic avian
evolution.

Coalesce

The process by which alleles merge into
asingle ancestral lineage when traced
backwards in evolutionary time.

Crown group

A crown group is a monophyletic clade
that contains the most recent common
ancestor of all extant members, and all
of that ancestor’s descendants.

A locus refers to a specific, defined
position on a chromosome, typically
corresponding to a gene or other
functional DNA element.

Phalanges

The bones that constitute the digits
of the limbs — specifically, the fingers
in the forelimbs (wings) and the toes
in the hindlimbs (feet) of vertebrates,
including birds.

Rhamphotheca
The keratinous sheath covering the
bony structure of a bird's beak.

Syngameon

A group of closely related taxa

that frequently engage in natural
hybridization and lack complete
reproductive isolation; the concept has
been applied to various avian groups
exhibiting reticulate evolution and gene
flow across species boundaries.

Polytomy

A condition in a phylogenetic tree in
which a single node gives rise to three
or more lineages, indicating either
simultaneous divergence or unresolved
evolutionary relationships.

Exaptation

The evolutionary process by which
atrait that originally evolved for one
function is subsequently co-opted for
a different purpose; exaptations differ
from adaptations in that the latter are
directly shaped by natural selection for
their current role.

Protobirds

Also referred to as stem birds, this

term denotes transitional forms in the
evolutionary continuum from non-avian
theropod dinosaurs to crown-group
birds; it has been frequently used in
palaeontological literature to describe
early avialan-grade taxa.

Syntenic structure

The conserved order and orientation
of genes or genomic segments

on chromosomes, either across
different species or within duplicated
regions of the same genome;
syntenic relationships provide
insight into chromosomal evolution,
genome rearrangements and deep
homology.

Target capture

Atargeted DNA enrichment technique
designed toisolate and sequence
specific genomic regions of interest; it
enables the retrieval of relatively long
DNA fragments — often up to tens

of thousands of base pairs —

for downstream analyses such as
phylogenomics or comparative
genomics.

Transposable elements

(TEs). Mobile genetic elements capable
of changing their position within the
genome.
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phylogenetically informative data has resolved many of the previ-
ous polytomies attributed to rapid species diversification within the
Neoaves. However, several nodes remain recalcitrant to resolution
even with whole-genome data, owing to a mix of factors including
long-branch attraction, ILS***%”? or ancient hybridization events’®. It
hasbeen argued that the basal branching pattern of Neoaves could rep-
resent a hard polytomy that cannot be fully resolved with abifurcating
tree because of near-simultaneous speciation at the base of this major
avian clade®”>**?_ To exclude this possibility, it is essential to incor-
porate fullgenome data from additional species to evaluate the robust-
ness of published phylogenomic trees?**°***** The Bird Genome 10K
Consortium is expected to complete the genus-phase programme
within the next few years and will release thousands of genomes cov-
ering most of the recorded genera, which will be a valuable resource
with which to rigorously assess the stability and accuracy of topolo-
gies. Additionally, comparinglong-reads based on chromosome-level
genome assemblies across lineages could help researchers
to investigate gene synteny breaks and genomic structures —
variations that are less prone to reversion than the single-nucleotide
variations, which can easily revert and lead to misleading similarities,
or homoplasy. These new data will undoubtedly continue to provide
fresh insights into the sequencing process of rapid radiation. To effi-
ciently manage and optimize the use of this unprecedented volume
of data, encompassing millions of loci across thousands of genomes,
new analytical algorithms are urgently needed to tackle the formidable
computational challenges ahead.

The comparative genomic studies of birds have provided crucial
insights not only into the conserved features shared by all modern
birds but also into the radiation and adaptations of specific lineages,
such as Darwin’s finches?****, munias®® and penguins®. These con-
temporary species radiations offer ideal time frames within which
to detect hybridization events or gene introgression during the early
stages of speciation, whichis challenging to investigate in the ancient
radiation of Neoaves. With anincreasing number of genomes available
for denser taxon sampling, we anticipate that comparative genomics
analyses across different clades will help to identify any taxa-specific
genomic components present in each clade, as defined by the phylo-
genetic tree. Such comparative genomic studies across bird lineages
canreveal genetic diversity patterns accompanying macroevolutionary
processes, offering opportunities to test macroevolutionary hypoth-
eses at the molecular level. Given that speciation involves descent
with modification through various factors like mutations, genetic
drift and natural selection, one could argue that macroevolution is
fundamentally an extension of microevolution®”*°°, However, palae-
ontologists and other macroevolutionary biologists have highlighted
several macroevolutionary phenomena that indicate discontinuities
between macroevolution and microevolution™***'*** For example,
rapid radiation canresultin differential successamong clades and lead
to morphological disparities. Therefore, it is intriguing to evaluate
the extent to which genetic diversity at different hierarchical levels
can explain macroevolutionary patterns, such as the non-random
origination of evolutionary novelties and morphological disparities.
Anintegrative approach combining genomic, morphological, devel-
opmental and palaeoenvironmental data will help to reveal the genetic
basis of macroevolutionary changes and enhance our understanding
of the driving mechanisms behind the radiation process and other
macroevolutionary patterns that arise from the rapid radiation.
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