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The formation and uplift of mountain ranges constitute major
geological phenomena that can have long-lasting effects on the
evolutionary diversification of living organisms. They provide
opportunities for adaptive evolution through an increase of spa-
tial heterogeneity of the landscape, including elevation, and the
generation of a wide variety of ecologically diverse biotopes, and
affect the migration of organisms and the distribution of species
since mountain ranges can act as both biological corridors and
ecological barriers. Hence, it should come as no surprise that
mountain ranges host a large proportion of the biological diver-
sity on earth (Barthlott et al., 2007; Jenkins et al., 2013). The
reviews of Wen et al. (2014) and Luebert and Weigend (2014)
included in this Research Topic present accounts of plant diver-
sification processes in two major mountain regions of the world:
the Andes and the Qinghai-Tibetan Plateau. Both studies show
that plant diversifications have occurred in relatively recent geo-
logical times, primarily since the Middle Miocene, and therefore
followed the late uplift phases of the high mountain ranges of
both the Andes and the Qinghai-Tibetan region during the last
15-20 million years (Garzione et al., 2008; Wang et al., 2008). It
is thus likely that the formations of those mountain ranges are
at least partially responsible for the observed diversification pro-
cesses, as proposed in other, more recent studies (e.g., Favre et al.,
2015; Sdnchez-Baracaldo and Thomas, 2014).

Rapid diversification processes are documented for the
Piramo clade of the plant genus Hypericum in the northern
Andes (Niirk et al., 2013). The high diversity of this group orig-
inated recently (2.3-5.6 mya) and its diversification rate is well
above the background diversification of Hypericum. This pat-
tern of diversification is also seen in other endemic plant groups
of the Piramo flora, and the region has the highest average
diversification rate among all biodiversity hotspots in the world
(Madrindn et al., 2013). Given the similar ages of these lineages
(Luebert and Weigend, 2014) and of the high-elevation environ-
ments of the Pdramo (Mora et al., 2010), these diversifications
may have been triggered by the formation of high-mountain
habitats in the northern Andes. Increased speciation rates would
have occurred along with mountain uplift and habitat diversifica-
tion, as observed in other Andean groups such as hummingbirds
(Chaves et al., 2011) and butterflies (Despland, 2014), con-
firming the ideas initially proposed by Simpson (1975). Similar
diversifications as those observed in the Pdramo ecosystem have

also occurred in plants of the Qinghai-Tibetan Plateau (Wen et al.,
2014), but more studies are necessary to gain insights into any
large-scale pattern (Favre et al., 2015).

Mutke et al. (2014) report the distribution patterns of four
Andean plant groups to reflect habitat heterogeneity rather than
uplift history or barrier effects of mountain ranges, supporting, at
least partially, the hypothesis that direct drivers of plant diversifi-
cation in both the Qinghai-Tibetan Plateau and the Andes include
plant-pollinator interactions, local adaptation to diverse environ-
mental conditions and polyploidization (Luebert and Weigend,
2014; Wen et al., 2014). Although not reported in this Research
Topic, the occurrence of polyploidization has been shown for
the European-centered plant genus Campanula. Polyploid species
of this genus are concentrated in the Campanula rotundifolia-
complex, a mountain clade of Pliocene origin (Mansion et al.,
2012). The significance of plant-pollinator interactions for the
isolation of plant populations and plant diversification in moun-
tain ranges, on the other hand, has been shown for three
Penstemon species by Kramer et al. (2010).

The different studies reported in this Research Topic clearly
illustrate the potential effects of mountain uplift and forma-
tion on species diversification, at least in two major mountain
regions of the world. A synthesis of biological diversification
on mountains is, however, still far from being achieved and
the potentially high complexity of the involved history, geogra-
phy and biological processes encourages further research (Hoorn
et al., 2013; Favre et al., 2015; Luebert and Weigend, 2014; Wen
etal, 2014). Nevertheless, we hope that the collection of papers in
this Research Topic will be of interest to scientists and will stimu-
late development of new studies and syntheses. We sincerely thank
the authors and the reviewers for their efforts and contributions
that made this Research Topic possible.

ACKNOWLEDGMENT
FL and LM are supported by the Dahlem-Centre of Plant Sciences
(DCPS).

REFERENCES

Barthlott, W., Hostert, A., Kier, G., Kper, W., Kreft, H.,, Mutke, J., et
al. (2007). Geographic patterns of vascular plant diversity at continen-
tal to global scales. Erdkunde 61, 305-315. doi: 10.3112/erdkunde.2007.
04.01

www.frontiersin.org

February 2015 | Volume 6 | Article 54 | 1


http://www.frontiersin.org/Genetics/editorialboard
http://www.frontiersin.org/Genetics/editorialboard
http://www.frontiersin.org/Genetics/editorialboard
http://www.frontiersin.org/Genetics/about
http://www.frontiersin.org/Genetics
http://www.frontiersin.org/journal/10.3389/fgene.2015.00054/full
http://community.frontiersin.org/people/u/74038
http://community.frontiersin.org/people/u/74104
mailto:fluebert@uni-bonn.de
http://www.frontiersin.org
http://www.frontiersin.org/Evolutionary_and_Population_Genetics/archive

Luebert and Muller

Effects of mountains on biodiversity

Chaves, J. A., Weir, J. T., and Smith, T. B. (2011). Diversification in Adelomyia hum-
mingbirds follows Andean uplift. Mol. Ecol. 20, 4564—4576. doi: 10.1111/j.1365-
294X.2011.05304.x

Despland, E. (2014). Butterflies of the high-altitude Atacama desert: habitat use
and conservation. Front. Genet. 5:334. doi: 10.3389/fgene.2014.00334

Favre, A., Pickert, M., Pauls, S. U,, Jihnig, S. C., Uhl, D., Michalak, L., et al. (2015).
The role of the uplift of the Qinghai-Tibetan Plateau for the evolution of Tibetan
biotas. Biol. Rev. 90, 236-253. doi: 10.1111/brv.12107

Garzione, C. N., Hoke, G. D., Libarkin, J. C., Withers, S., MacFadden, B., Eiler,
J., et al. (2008). Rise of the Andes. Science 320, 1304-1307. doi: 10.1126/sci-
ence.1148615

Hoorn, C., Mosbrugger, V., Mulch, A., and Antonelli, A. (2013). Biodiversity from
mountain building. Nat. Geosci. 6, 154—154. doi: 10.1038/ngeo1742

Jenkins, C. N., Pimm, S. L., and Joppa, L. N. (2013). Global patterns of terres-
trial vertebrate diversity and conservation. Proc. Natl. Acad. Sci. U.S.A. 110,
E2602-E2610. doi: 10.1073/pnas.1302251110

Kramer, A. T., Fant, J. B., and Ashley, M. V. (2010). Influences of landscape and
pollinators on population genetic structure: examples from three Penstemon
(Plantaginaceae) species in the Great Basin. Am. J. Bot. 98, 109-121. doi:
10.3732/ajb.1000229

Luebert, F, and Weigend, M. (2014). Phylogenetic insights into Andean plant
diversification. Front. Ecol. Evol. 2:27. doi: 10.3389/fevo.2014.00027

Madrindn, S., Cortés, A. J., and Richardson, J. E. (2013). Paramo is the world’s
fastest evolving and coolest biodiversity hotspot. Front. Genet. 4:192. doi:
10.3389/fgene.2013.00192

Mansion, G., Parolly, G., Crowl, A. A., Mavrodiev, E., Cellinese, N., Oganesian, M.,
et al. (2012). How to handle speciose clades? mass taxon-sampling as a strat-
egy towards illuminating the natural history of Campanula (Campanuloideae).
PLoS ONE 7:¢50076. doi: 10.1371/journal.pone.0050076

Mora, A., Baby, P, Roddaz, M., Parra, M., Brusset, S., Hermoza, W., et al. (2010).
“Tectonic history of the andes and sub-Andean zones: implications for the
development of the Amazon drainage basin,” in Amazonia, Landscape and
Species Evolution, eds C. Hoorn, and F. P. Wesselingh (Oxford: Blackwell),
38-60.

Mutke, J., Jacobs, R., Meyers, K., Henning, T., and Weigend, M. (2014). Diversity
patterns of selected Andean plant groups correspond to topography and habitat
dynamics, not orogeny. Front. Genet. 5:351. doi: 10.3389/fgene.2014.00351

Niirk, N. M., Scheriau, C., and Madrindn, S. (2013). Explosive radiation in high
Andean Hypericum — rates of diversification among New World lineages. Front.
Genet. 4:175. doi: 10.3389/fgene.2013.00175

Sanchez-Baracaldo, P., and Thomas, G. H. (2014). Adaptation and convergent
evolution within the Jamesonia-Eriosorus complex in high-elevation biodiverse
Andean hotspots. PLoS ONE 9:¢110618. doi: 10.1371/journal.pone.0110618

Simpson, B. B. (1975). Pleistocene changes in the flora of the high tropical Andes.
Paleobiology 1, 273-294.

Wang, C., Zhao, X., Liu, Z., Lippert, P. C., Graham, S. A., Coe, R. S., et al. (2008).
Constraints on the early uplift history of the Tibetan Plateau. Proc. Natl. Acad.
Sci. U.S.A. 105, 4987-4992. doi: 10.1073/pnas.0703595105

Wen, J., Zhang, J.-Q., Nie, Z.-L., Zhong, Y., and Sun, H. (2014). Evolutionary
diversifications of plants on the Qinghai-Tibetan Plateau. Front. Genet. 5:4. doi:
10.3389/fgene.2014.00004

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Received: 18 December 2014; accepted: 05 February 2015; published online: 20
February 2015.

Citation: Luebert F and Muller LAH (2015) Effects of mountain formation and uplift
on biological diversity. Front. Genet. 6:54. doi: 10.3389/fgene.2015.00054

This article was submitted to Evolutionary and Population Genetics, a section of the
journal Frontiers in Genetics.

Copyright © 2015 Luebert and Muller. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use, dis-
tribution or reproduction in other forums is permitted, provided the original author(s)
or licensor are credited and that the original publication in this journal is cited, in
accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.

Frontiers in Genetics | Evolutionary and Population Genetics

February 2015 | Volume 6 | Article 54 | 2


http://dx.doi.org/10.3389/fgene.2015.00054
http://dx.doi.org/10.3389/fgene.2015.00054
http://dx.doi.org/10.3389/fgene.2015.00054
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Evolutionary_and_Population_Genetics
http://www.frontiersin.org/Evolutionary_and_Population_Genetics
http://www.frontiersin.org/Evolutionary_and_Population_Genetics/archive

	Effects of mountain formation and uplift on biological diversity
	Acknowledgment
	References


