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Abstract

Recent perspectives on speciation genomics emphasize the pivotal role of hybridization in driving
rapid radiations. The Liolaemus lizard genus displays impressive species richness with around 290
species widely distributed across southern South America. Sdnchez et al. (2024) conducted a
comprehensive study on the 5-million-year-old Liolaemus kingii group, which includes 14 species.
The research provides new key insights to enhance our understanding of this rapid radiation,
including its diversification in space and time and consequences of hybridization in its morphological
evolution and taxonomy.
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Main text

The Liolaemus lizard genus is roughly 20 million years old and includes about 290 species, making it
the second most diverse amniote genus globally (Olave et al., 2018). Notably, it includes species able
to live in the driest nonpolar desert, the Atacama Desert (L. montanus group), as well as species
adapted to salt pans (L. anomalus group). Furthermore, it encompasses the world’s highest-altitude
reptile, which lives at 5,400 meters (Cerdefia et al., 2021), plus L. magellanicus, the only
herpetofauna species living at the southernmost tip of the world at 52 degrees latitude. (Jaksic,
2022). Over the past 15 years, numerous Liolaemus species have been described, with predictions
suggesting it may surpass the diversity of the 60-million-year-old Anolis lizards, which include 440
species and are a textbook example of adaptive radiation (Morando et al., 2003).

In a recent article, Sdnchez et al. (2024) presented a comprehensive study focused on the 5-million-
year-old Liolaemus kingii group, a clade of 14 species within the herps from the “end of the world”
clade (L. lineomaculatus section). From a micro to a macro perspective, the study leverages genomic,
phenotypic, spatial, and climatic data based on specimens collected over 20 years of fieldwork
across ~450.000 km? in Patagonia. Using cutting-edge methodological approaches, the research
provides new key insights to enhance our understanding of this spectacular rapid radiation.

The key to Liolaemus diversification may lie in an exceptionally low extinction rate, rather than a
high speciation rate (Olave et al., 2020a; 2020b). In other words, the genus seems to have an
extraordinary ability to survive through time. In contrast to the evolutionary patterns of Anolis
lizards, Liolaemus species do not develop such extreme morphological specializations to
microenvironments. A generalist morphology is considered a better strategy, given heterogeneous
and fluctuating environmental conditions in southern South America over time, including glacial
cycles, oceans incursions and retreats, the Andes uplift, and severe volcanism. Preventing
specialization may enhance Liolaemus survival by allowing species to shift niches in response to
changing environmental conditions (Olave et al., 2020a; 2020b).

In line with these predictions, Sdnchez et al. (2024) reconstructed spatial and temporal distribution
shifts during glacial cycles affecting the L. kingii group. Their findings indicate repetitive niche shifts
during glaciations, promoting divergence events, but also secondary contact among L. kingii group
lineages. Their results also promoted a taxonomic rearrangement of the group by identifying distinct
evolutionary trajectories.

Hybridization may be a key mechanism for driving radiation in the Liolaemus genus by rapidly
reassembling genetic variation in novel combinations on which natural selection can work (Marques
et al., 2019). Sanchez et al. (2024) demonstrate a new case of extensive hybridization among
Liolaemus species, a phenomenon that was first suggested in Morando et al. (2004) and has been
repeatedly proven to be rampant in these lizards (Olave et al., 2011; 2018; Araya-Donoso et al.,
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2019; Grummer et al., 2021; Morando et al., 2020b; Esquerré et al., 2022; Sanchez et al., 2023).
Hybridization has occurred even between species that diverged more than 5 million years (or 2.5
million generations) ago, as well as between species having significant differences in morphology
and habitat use (Olave et al., 2011; 2018). Most of the hybrid zones among Liolaemus species are
located in center-southern Patagonia (reviewed in Morando et al., 2020a), at a hotspot of the genus
diversity with peaks of increased speciation and reduced extinction rates (Skeels et al., 2023).
Evidence of hybrids retaining intermediate phenotypes to parental species across generations has
been detected in this area as well (Olave et al., 2011; 2018).

Now, for the first time, Sdnchez et al. (2024) has delivered an invaluable missing piece in this puzzle:
hybridizations events are associated with significant signals of transgressive evolution of
phenotypes. In other words, phenotypic evolution in Liolaemus has been impacted by hybridization.
Whether hybridization plays a role in reducing phenotypic divergence across taxa by generating
offspring with intermediate phenotypes, and, consequently, contributes to the conservation of a
successful generalist morphology, remains an interesting hypothesis gradually gaining support.
Unlikely to be a neutral process, pervasive hybridization among these lizards breaks conventional
understanding of species diversification, and presents a living laboratory to study the driving forces
behind accelerated evolutionary diversification.

Conflict of interest: The author declares no conflict of interest.

$20Z UoJe| €| UO Jesn ewed Ip elsiaAun Aq 10£S29//Z2700edbiNjoAs/S601 "0 L /I0p/3|o1MB-90UBAPE/IN|OAS/WO0D dNO"dIWapEIE//:Sd)Y WO} POPEOJUMO(]



References

Araya-Donoso, R., Torres-Pérez, F., Véliz, D., and Lamborot, M. 2019. Hybridization and polyploidy in
the weeping lizard Liolaemus chiliensis (Squamata: Liolaemidae). Biological Journal of the Linnean
Society, 128(4), 963—974.

Cerdena, J., Farfan, J., and Quiroz, A. J. 2021. A high mountain lizard from Peru: the world’s highest-
altitude reptile. Herpetozoa, Volume 34, 61-65.

Esquerré, D., Keogh, J.S., Demangel, D., Morando, M., Avila, L.J., Sites Jr, J.W., Ferri-Yaiez, F. and
Leaché, A.D. 2022. Rapid radiation and rampant reticulation: Phylogenomics of South American
Liolaemus lizards. Systematic Biology, 71(2), 286—300.

Grummer, J. A., Avila, L. J., Morando, M. M., and Leaché, A. D. 2021. Four species linked by three
hybrid zones: two instances of repeated hybridization in one species group (Genus Liolaemus).
Frontiers in Ecology and Evolution, Volume 9, 624109.

Jaksic, F. M. 2022. Historical account and current ecological knowledge of the southernmost lizard in
the world, Liolaemus magellanicus (Squamata: Liolaemidae). Revista chilena de historia natural,
95(1), 7.

Marques, D. A., Meier, J. |., and Seehausen, O. 2019. A combinatorial view on speciation and
adaptive radiation. Trends in Ecology and Evolution, 34(6), 531-544.

Morando, M., Avila, L.J. and Sites Jr, J.W. 2003. Sampling strategies for delimiting species: genes,
individuals, and populations in the Liolaemus elongatus-kriegi complex (Squamata: Liolaemidae)
in Andean—Patagonian South America. Systematic Biology, 52(2), pp.159-185.

Morando, M., Avila, L. J., Baker, J., and Sites Jr, J. W. 2004. Phylogeny and phylogeography of the
Liolaemus darwinii complex (Squamata: Liolaemidae): evidence for introgression and incomplete
lineage sorting. Evolution, 58(4), 842—859.

Morando, M., Medina, C.D., Minoli, I., Pérez, C.H.F, Sites Jr, J.W. and Avila, L.J. 2020a. Diversification
and evolutionary histories of Patagonian steppe lizards. In: M. Morando and A. Avila (eds): Lizards
of Patagonia: Diversity, Systematics, Biogeography and Biology of the Reptiles at the End of the
World. Springer, 217-254.

Morando, M., Olave, M., Avila, L.J., Sites Jr, J.W., and Leaché, A.D. 2020b. Phylogenomic data resolve
higher-level relationships within South American Liolaemus lizards. Molecular Phylogenetics and
Evolution, Volume 147, 106781.

Olave, M., Avila, L. J., Sites Jr, J. W., and Morando, M. 2018. Hybridization could be a common
phenomenon within the highly diverse lizard genus Liolaemus. Journal of Evolutionary Biology,
31(6), 893—903.

Olave, M., Avila, L. J., Sites, J. W., and Morando, M. 2020a. How important is it to consider lineage
diversification heterogeneity in macroevolutionary studies? Lessons from the lizard family
Liolaemidae. Journal of Biogeography, 47(6), 1286—1297.

$20Z Y2Je|\ €1 UO Jasn ewled Ip esianiun Aq L0£529./z0eedban|ons/S60 L 0 | /I0p/a[o1B-00UBAPE/IN|OAS/WO02 dNoolWepeoe//:sd)y WoJ) papeojumog



Olave, M., Gonzalez Marin, A., Avila, L.J., Sites Jr, J.W., and Morando, M. 2020b. Disparate patterns
of diversification within Liolaemini lizards. In: Rull, V., Carnaval, A. (eds) Neotropical
Diversification: Patterns and Processes. Fascinating Life Sciences. Springer, 765-790.

Olave, M., Martinez, L.E., Avila, L.J., Sites Jr, J.W., and Morando, M. 2011. Evidence of hybridization
in the Argentinean lizards Liolaemus gracilis and Liolaemus bibronii (Iguania: Liolaemini): an
integrative approach based on genes and morphology. Molecular Phylogenetics and Evolution,
61(2), 381-391.

Sanchez, K. ., Diaz Huesa, E.G., Breitman, M.F., Avila, L.J., Sites Jr, J.W., and Morando, M. 2023.
Complex Patterns of Diversification in the Gray Zone of Speciation: Model-Based Approaches
Applied to Patagonian Liolaemid Lizards (Squamata: Liolaemus kingii clade). Systematic Biology,
72(4), 739-752.

Sanchez, K., Recknagel, H., EImer, K.R., Avila, L.J. and Morando, M. 2024. Tracing evolutionary
trajectories in the presence of gene flow in South American temperate lizards (Squamata:
Liolaemus kingii group). Evolution, 78(4), qpae009. https://doi.org/10.1093/evolut/gpae009

Skeels, A., Esquerré, D., Lipsky, D. Pellissier, L. and Boschman, L.M. 2023. Elevational Goldilocks zone

underlies the exceptional diversity of a large lizard radiation (Liolaemus: Liolaemidae). Evolution,
77 (12), 2672-2686.

$20Z UoJe| €| UO Jesn ewed Ip elsiaAun Aq 10£S29//Z2700edbiNjoAs/S601 "0 L /I0p/3|o1MB-90UBAPE/IN|OAS/WO0D dNO"dIWapEIE//:Sd)Y WO} POPEOJUMO(]



