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Understanding the evolutionary drivers of diversification

Reconstructing the diversification of cryptic lemurs in a biodiversity hotspot - bridging the gap
from evolution to conservation

T. van Elst, U. Radespiel, Institute of Zoology, Uni-
versity of Veterinary Medicine Hannover, Foundation

In Short

• Lemurs are a diverse radiation of Malagasy mam-
mals and an excellent model system to study the
drivers of evolutionary diversification processes.

• We will reconstruct the evolutionary history of
mouse lemurs (Microcebus spp.) to understand
the role of different factors driving speciation.

• We will infer phylogeny, divergence times and
species limits across the entire genus Microcebus
and study population structure on a smaller spatial
scale in a region in northeastern Madagascar.

• Our findings will shed light on the general princi-
ples underlying Malagasy adaptive radiations and
will help to inform conservation priorities.

Understanding the processes that are responsible
for the diversification and distribution of species is a
central focus of evolutionary biology. Speciation, the
process that leads to formation of distinct, reproduc-
tively isolated evolutionary lineages (i.e., species),
is governed by a variety of factors, including geog-
raphy, climate, genome architecture, and a species’
ecology. The relative importance of these factors
and how they interact to drive reproductive isolation
remains debated.

An ideal model region to understand the drivers of
evolutionary diversification processes is the Island of
Madagascar [1]. It has been isolated from other land
masses for at least 80 million years and large parts
of its flora and fauna are endemic (i.e., they occur
nowhere else). It is believed that its unique biota
evolved through adaptive radiations after founder
individuals were released from competition and pre-
dation, reaching the island from mainland Africa [2].
The largest radiation of Malagasy mammals are the
lemurs. They exhibit exceptional diversity in morphol-
ogy and behavior and comprise more than 100 ex-
isting species across 15 genera. The number of rec-
ognized lemur species has increased by more than
three-fold during the last 30 years, which is partly
due to the identification of many cryptic species (i.e.,
similar in outer appearance) using genetic markers.
At the same time lemurs are the world’s most en-
dangered mammals, as about 95 % of the currently

described species are threatened by extinction pri-
marily because of rapid habitat loss and degradation
[3,4].

The present project aims to reconstruct the
evolutionary history of mouse lemurs (Microcebus
spp.), a cryptic radiation of lemurs comprising 24
described species distributed all over Madagascar,
as a model to understand the role and importance
of different factors driving reproductive isolation
and ultimately speciation in Malagasy terrestrial
mammals. We will use restriction site associated
DNA (RAD) markers in hundreds of individuals
and bioinformatic tools to explore patterns of
diversification on different spatiotemporal scales.
First, we will infer phylogeny, divergence times,
species limits and potential introgression across the
entire genus Microcebus. Second, we will model
population structure, patterns of gene flow, and
demography (population size changes, migration,
etc.) of mouse lemur species on a smaller spatial
scale in a biodiversity hotspot in northeastern
Madagascar (Fig. 1) in comparison to medium-sized
lemurs of the genus Avahi. Because of its high
lemur diversity and special geography, the study
region is particularly well suited to understand the
role of a variety of speciation factors such as river
chronology, altitude, paleoclimatic oscillations, forest
fragmentation, vegetation, and habitat plasticity.

Figure 1: Study region in northeastern Madagascar with known
distributions of Avahi, Lepilemur and Microcebus species. Roman
numerals indicate inter-river systems that will be sampled.
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So far, our assessments of mouse lemur diversity
in the study region resulted in the discovery and de-
scription of the species M. jonahi (Fig. 2), revealed
signals of ongoing diversification, and showed that
mouse lemur evolutionary history and population
structure were shaped by paleoclimatic events and
anthropogenic factors. [5–8], which shall be investi-
gated further.

Figure 2: Microcebus jonahi. Photo by D. Schüßler.

Our findings will shed light on the general prin-
ciples and factors underlying (Malagasy) adaptive
radiations. In addition, they will further understand-
ing of the diversification of mouse lemurs and pro-
vide a high-confidence, divergence-dated phylogeny,
that is based on genome-scale markers and cov-
ers all described Microcebus species. By studying
evolutionary relationships, species limits, population
structure and barriers to gene flow, our results will
also make an important contribution to lemur conser-
vation.
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https://www.tiho-hannover.de/en/kliniken-
institute/institute/institut-fuer-
zoologie/arbeitsgruppen/evolution-und-
naturschutz/behavioral-ecology-and-conservation-
genetics-new

More Information

[1] Vences M., Wollenberg K.C., Vieites D.R., Lees
D.C. Trends Ecol. Evol. 24:456-465 (2009). doi:
10.1016/j.tree.2009.03.011

[2] Yoder A.D., Nowak M.D. Annu. Rev. Ecol. Evol.
Syst. 37:405-431 (2006). doi:10.1146/an-
nurev.ecolsys.37.091305.110239

[3] Estrada A., Garber P.A., Rylands A.B., Roos
C., Fernandez-Duque E., Fiore A. Di, Anne-
Isola Nekaris K., Nijman V., Heymann E.W.,
Lambert J.E., Rovero F., Barelli C., Setchell
J.M., Gillespie T.R., Mittermeier R.A., Arregoitia

L.V., de Guinea M., Gouveia S., Dobrovol-
ski R., Shanee S., Shanee N., Boyle S.A.,
Fuentes A., MacKinnon K.C., Amato K.R.,
Meyer A.L.S., Wich S., Sussman R.W., Pan
R., Kone I., Li B. Sci. Adv. 3:26 (2017). doi:
10.1126/sciadv.1600946

[4] IUCN (2020). Available from https://www.
iucnredlist.org.

[5] Schüßler D., Blanco M.B., Salmona J., Poelstra
J., Andriambeloson J.B., Miller A., Randri-
anambinina B., Rasolofoson D.W., Mantilla-
Contreras J., Chikhi L., Louis E.E., Yoder
A.D., Radespiel U. Am. J. Primatol. 82:e23180
(2020). doi:10.1002/ajp.23180

[6] Poelstra J.W., Salmona J., Tiley G.P., Schüßler
D., Blanco M.B., Andriambeloson J.B.,
Bouchez O., Campbell C.R., Etter P.D., Ho-
henlohe P.A., Hunnicutt K.E., Iribar A., Johnson
E.A., Kappeler P.M., Larsen P.A., Manzi S.,
Ralison J.M., Randrianambinina B., Rasoloari-
son R.M., Rasolofoson D.W., Stahlke A.R.,
Weisrock D.W., Williams R.C., Chikhi L., Louis
E.E., Radespiel U., Yoder A.D. Syst. Biol. 70:2
(2021). doi:10.1093/sysbio/syaa053

[7] Tiley G.T., van Elst T., Teixeira H., Schüßler
D., Salmona J., Blanco M., Ralison J., Ran-
drianambinina B., Rasoloarison R., Stahlke
A., Hohenlohe P., Chikhi L., Louis E., Rade-
spiel U., Yoder A. Mol. Ecol. 31:19 (2022). doi:
10.1111/mec.16632

[8] van Elst, T., Schüßler, D., Rakotondravony, R.,
Rovanirina, V. S. T., Veillet, A., Hohenlohe, P.
A., Ratsimbazafy, J. H., Rasoloarison, R. M.,
Rasoloharijaona, S., Randrianambinina, B.,
Ramilison, M. L., Yoder, A. D., Louis, E. E. Jr.,
Radespiel, U. Ecol. Evol. 13:e10254 (2023).
doi:10.1002/ece3.10254

Project Partners

Lounès Chikhi (Instituto Gulbenkian de Ciencia,
Oeiras, Portugal, and CNRS, Toulouse, France),
Paul A. Hohenlohe (University of Idaho, USA),
Ariel Rodríguez (University of Veterinary Medicine
Hannover, Foundation, Germany), Jordi Salmona
(Paul Sabatier University, Toulouse, France), Do-
minik Schüßler (University of Hildesheim, Germany),
George Tiley, Anne Yoder (Duke University, USA)

Funding

German Research Foundation (DFG)

DFG Subject Area

203-03 (primary); 203-02 (secondary)

nib00015

http://dx.doi.org/10.1016/j.tree.2009.03.011
http://dx.doi.org/10.1146/annurev.ecolsys.37.091305.110239
http://dx.doi.org/10.1146/annurev.ecolsys.37.091305.110239
http://dx.doi.org/10.1126/sciadv.1600946
https://www.iucnredlist.org
https://www.iucnredlist.org
http://dx.doi.org/10.1002/ajp.23180
http://dx.doi.org/10.1093/sysbio/syaa053
http://dx.doi.org/10.1111/mec.16632
http://dx.doi.org/10.1002/ece3.10254

	Reconstructing the diversification of cryptic lemurs in a biodiversity hotspot - bridging the gap from evolution to conservation

