GeoBio-CentertV!
Report 2022

2024






GeoBio-Center-\V
Report 2022 - 2024

>

Editor: Dirk Erpenbeck
Contents: Elena Cuesta, Gonzalo Gomez-Saez, Sebastian Héhna, Gerrit Nanninga, Paul Schmidt, Gert Worheide
Layout: Martine Focke, Dirk Erpenbeck

GeoBio-Center "V, Richard-Wagner-Str. 10, 80333 Mlinchen - http://www.geobio-center.uni-muenchen.de

Impressum

1


http://www.geobio-center.uni-muenchen.de

Contents

LAY =1 (oo 1110 T N [ ] = T 3
Members of the GeoBIO-CentertMU .......eeiieeiireecireeirresrres s ressrrnsssrenssrnssssnnsssenssrennns 4
SYMPOSIUM 20 Years GeoBio-CentertMU ......coieeceiemiireesremsrsnnssrsnsssensssssnssrensssennses 7

Marie S. Curie ITN "IGNITE" -
llluminating Biodiversity Genomics Across the Tree of Life......cccccooviiiicennnninicicnns 9

ERC and DFG Emmy-Noether Group “Statistical Methods in Phylogenetics and
AV =T €0 Y21 Lo ) L1 | ] o |4 14

DFG Emmy-Noether project “OXYGEDOM? ........coommimiiiiiccsnmrnressssssssssssssssssssssnsnns 18

Marie S. Curie Actions Project "JurRad" -
Unravelling the jurassic radiation of Averostra (Dinosauria, Theropoda) ................. 21

DFG-Project "ChemTrail" — Sensory enrichment to augment fish community

development on degraded COral reefs .....uummmmereeiiiiiimrmrcsrsrr e e 24

Publications in ISI-Indexed Journals 2022 - 2024 ...........cooemmmmmemmmeemeeeeeeeeeeeeeeenee 26

Annex: Reports and Press Releases ... 37
Contents

2



Welcoming note

Dear Ladies and Gentlemen, dear Colleagues,

It is with great pleasure that | present the Biannual Report of the
GeoBio-Center LMU for the years 2022-2024. This report documents
the scientific achievements and ongoing activities of our member
groups and provides an impressive overview of the breadth and depth
of research undertaken within our network. The GeoBio-Center contin-
ues to serve as a central platform for interdisciplinary collaboration at
the interface of the earth- and biological sciences, fostering integrative
research that addresses fundamental questions about the evolution of
life and Earth through time.

The research groups represented in this report reflect the full
spectrum of geobiological investigation — from paleontology and sed-
imentology to geochemistry, molecular systematics, evolutionary biol-
ogy, geomicrobiology, and biogeochemistry. Together, they exemplify
the diversity and strength of our community, combining field-based,
experimental, and molecular approaches to explore biological pro-
cesses in their earth science context. The collaborative spirit among
these groups remains one of the defining qualities of the GeoBio-Center,
enabling innovative perspectives on both ancient and modern bio-
sphere—geosphere interactions.

During the past two years, our members have advanced numer-
ous national and international research initiatives, contributed to high-
impact publications, and successfully acquired third-party funding to
support new projects and infrastructure. The dedication of our early-
career researchers, doctoral candidates, and students continues to play
a vital role in shaping the future of our field. Their enthusiasm and
creativity, together with the commitment of our senior scientists, ensure
the continued excellence and visibility of the GeoBio-Center within LMU
and the wider research community.

| would like to express my sincere appreciation to all members
for their contributions to research, teaching, and outreach, and to those
who have been instrumental in preparing this report. It provides not only
a record of our achievements but also a reflection of the collegial and
interdisciplinary culture that defines our center.

| invite you to explore the following pages as a testament to the
vitality and success of the GeoBio-Center and to the shared commit-
ment of its members to advancing geobiological science.

Gert Worheide

Spokesperson, GeoBio-Center LMU

Prof. Dr. Gert Wérheide
Spokesperson of the
GeoBio-Center "MV

Welcoming note
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Members of the GeoBio-Center-MY

Prof. Dr. emer. Reinhard Agerer

Prof. Dr. emer. Wladyslaw
Altermann

Prof. Dr. Michael Amler
Dr. Thodoris Argyriou

Dr. Michael Balke

PD Dr. Ehrentraud Bayer
Prof. Dr. Julia Bechteler
PD Dr. Andreas Beck

Prof. Dr. Madelaine B6hme

Prof. Dr. Richard Butler
Dr. Diego Castanera
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Dr. John Clarke
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Dr. Elena Cuesta

Dr. Julia Brenda Desojo
Prof. Dr. Dirk Erpenbeck
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Prof. Dr. Anke Friedrich

Dr. Maren Gaulke

Dr. Juan Carlos Gaviria
Prof. Dr. Stuart Gilder

Dr. Frank Glaw
PD Dr. Ursula Gohlich

Dr. Gonzalo Gomez-Saez

Prof. Dr. Marc Gottschling

LMU, Systematics, Biodiversity and Evolution of Plants

University of Johannesburg,
Dept. of Geology, South Africa

University of Cologne

American College of Greece, Greece

SNSB, Bavarian State Collection for Zoology

SNSB, Botanical Garden Munich-Nymphenburg

LMU, Systematics, Biodiversity and Evolution of Plants
SNSB, Bavarian State Collection for Botany

University of Tubingen, Senckenberg Center for Human
Evolution and Paleoecology

University of Birmingham, UK
University of Zaragoza, Spain
LMU, Evolutionary Biology

LMU, Dept. of Earth and Environmental Sciences,
Palaeontology & Geobiology

LMU, Dept. of Earth and Environmental Sciences,
Palaeontology & Geobiology

LMU, Dept. of Earth and Environmental Sciences,
Palaeontology & Geobiology

Consejo Nacional de Investigaciones Cientificas y
Técnicas: La Plata, Argentina

LMU, Dept. of Earth and Environmental Sciences,
Palaeontology & Geobiology

LMU, Systematics, Biodiversity and Evolution of Plants

SNSB, Bavarian State Collection for Botany
& LMU, Faculty of Biology

Pontifical Catholic University of Valparaiso, Chile

LMU, Dept. of Earth and Environmental Sciences, Geology
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Centro Jardin Botdnico, Fac. Ciencias, ULA, Venezuela

LMU, Dept. of Earth and Environmental Sciences,
Geophysics

SNSB, Bavarian State Collection for Zoology
Natural History Museum Vienna, Austria

LMU, Dept. of Earth and Environmental Sciences,
Palaeontology & Geobiology

LMU, Systematics, Biodiversity and Evolution of Plants

Dr. Erika Griesshaber-Schmahl LMU, Dept. of Earth and Environmental Sciences,

Crystallography
Prof. Dr. emer. Gerhard Haszprunar  LMU, Faculty of Biology, Systematic Zoology

Members of the GeoBio-Center
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Prof.

Dr. Joachim Haug

PD Dr. Carolin Haug

Dr. Axel Hausmann

Prof.
Prof.
Prof.
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Dr. emer. Wolfgang Heckl

Dr. emer. Ernst Hegner
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LMU, Graduate School Life Science Munich
SNSB, Bavarian State Collection for Zoology
San Sebastian University, Chile

TUM

LMU, Dept. of Earth and Environmental Sciences,
Mineralogy, Petrology and Geochemistry

LMU, Systematic Zoology
LMU, Systematics, Biodiversity and Evolution of Plants

LMU, Dept. of Earth and Environmental Sciences,
Palaeontology & Geobiology

SNSB, Riescrater-Museum, Nordlingen &
LMU, Faculty of Geosciences

LMU, Systematics, Biodiversity and Evolution of Plants &
SNSB, Botanical Garden Munich-Nymphenburg

University of Leeds, UK
Minchen
Pliderhausen

Institute of Paleobiology, Biogeology Department, Polish
Academy of Sciences

SNSB, Bavarian State Collection for Palaeontology and
Geology & LMU, Faculty of Geosciences

University of Bayreuth

Oberottmarshausen

Holzkirchen

Faculty of Biology, LMU

Yunnan University, Kunming, China

Minchen

LMU, Faculty of Geosciences

FAU Erlangen-Nirnberg & LMU Faculty of Geosciences

SNSB, Bavarian State Collection for Zoology & LMU
Faculty of Biology

LMU, Dept. of Earth and Environmental Sciences,
Palaeontology & Geobiology

Stuttgart

SNSB, Bavarian State Collection for Palaeontology and
Geology

SNSB, Bavarian State Collection for Palaeontology and
Geology & LMU, Faculty of Geosciences

LMU, Dept. of Earth and Environmental Sciences,
Palaeontology & Geobiology

SNSB, Bavarian State Collections of Natural History
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Prof. Dr. Joris Peters
Prof. Dr. emer. Nikolai Petersen

Dr. Stefan Raidl
Prof. Dr. Oliver Rauhut

PD Dr. Mike Reich

Prof. Dr. Bettina Reichenbacher

Dr. Nicola Reiff
Dr. Bernhard Ruthensteiner
Dr. Ulrich Schliewen

Prof. Dr. emer. Wolfgang Schmahl
Prof. Dr. Michael Schrodl

Prof. Dr. emer. Florian Siegert
Prof. Dr. Herwig Stibor
Prof Dr. Elena Sturm

Prof. Dr. Ralph Tollrian

PD Dr. Anneke van Heteren
Dr. Winfried Werner

Prof. Dr. Christian Wild
Prof. Dr. Gert Worheide

Dr. Shinnosuke Yamada

Dr. Anze Zerdoner Calasan
Prof Dr. Albert Zink

LMU, Faculty of Veterinary Medicine & Bavarian State
Collection for Anthropology and Palaeoanatomy

LMU, Department of Earth and Environmental Sciences,
Geophysics

Minchen

SNSB, Bavarian State Collection for Palaeontology and
Geology & LMU, Faculty of Geosciences

Staatliches Naturhistorisches Museum, Braunschweig

LMU, Dept. of Earth and Environmental Sciences,
Palaeontology & Geobiology

SNSB, Bavarian State Collection for Zoology
SNSB, Bavarian State Collection for Zoology
SNSB, Bavarian State Collection for Zoology

LMU, Dept. of Earth and Environmental Sciences,
Crystallography

SNSB, Bavarian State Collection for Zoology & LMU,
Faculty of Biology

Minchen
Faculty of Biology, LMU

LMU, Dept. of Earth and Environmental Sciences,
Crystallography

Ruhr-University, Bochum

SNSB, Bavarian State Collection for Zoology &
LMU, Faculty of Biology

SNSB, Bavarian State Collection for Palaeontology and
Geology

University of Bremen

LMU, Dept. of Earth and Environmental Sciences,
Palaeontology & Geobiology

International University of Health and Welfare, Narita,
Japan

LMU, Systematics, Biodiversity and Evolution of Plants

SNSB, Bavarian State Collection of Anthropology

Members of the GeoBio-Center
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SYMPOSIUM
20 Years GeoBio-CentertMv
21.10.2022

The GeoBio-Center LMU marked its twentieth anniversary with a symposium entitled “Past, Present,
and Future”, held on 21 October 2022 at the Botanical Institute in Munich. Following the annual
General Meeting, the event opened with welcoming remarks from Prof. Dr. Gert Wérheide (Speaker,
GeoBio-Center LMU), Prof. Dr. Oliver Jahraus (Vice President for Teaching and Studies, LMU), Prof.
Dr. Joris Peters (General Director, Bavarian Natural History Collections — SNSB), Prof. Dr. Dario
Leister (Dean, Faculty of Biology, LMU), and Prof. Dr. Claudia Trepmann (Dean, Faculty of
Geosciences, LMU). Their addresses highlighted the center’s achievements over two decades and
its pivotal role in promoting interdisciplinary research across the life and earth sciences.

Figure: Welcoming remarks

from Prof. Dr. Oliver Jahraus
(Vice President for Teaching
and Studies, LMU)

The scientific programme reflected the breadth of geobiological research at LMU and
beyond. New member Prof. Dr. Gudrun Kadereit (Chair of Systematics, Biodiversity and Evolution of
Plants, LMU) opened the academic program with a talk on plant evolutionary dynamics in arid
environments, followed by a series of contributions from past members. Prof. Dr. Christian Wild
(University of Bremen; Emmy Noether Group Leader 2006-2010) examined the responses of reef-
building organisms to rapid environmental change. Prof. Dr. Richard Butler (University of
Birmingham; Emmy Noether Group Leader 2011-2013) presented new insights into the Triassic
emergence of dinosaurs and their close relatives. After a coffee break, Prof. Dr. Christine Béhmer
(University of Kiel; Marie Sktodowska-Curie Postdoctoral Fellow 2020-2021) provided an
evolutionary perspective on organismal form and function. Dr. Sebastian Héhna (LMU; Emmy
Noether Group Leader since 2019; ERC Starting Grantee 2022) addressed the causes of historical
biodiversity fluctuations, and Dr. Gonzalo Gomez (LMU; Emmy Noether Group Leader since 2022)
explored the impact of ocean deoxygenation on dissolved organic matter sequestration. Finally,
Natalie Barbosa (Project AlpSenseRely) reported on the development of early-warning systems for
climate-driven alpine hazards.

Together, these presentations showcased the breadth and diversity of interdisciplinary
research pursued within the GeoBio-Center and demonstrated how the center has supported the
scientific and career advancement of many of its members. A convivial evening reception concluded
the event, fostering exchange among attendees and underscoring the continued relevance of the
GeoBio-Center as an integrative hub shaping the future of geobiology and biodiversity research at
LMU and beyond.

SYMPOSIUM 20 Years GeoBio-CenterLMU
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20 Years GeoBio-Center-MY —
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Marie S. Curie ITN "IGNITE" -
llluminating Biodiversity Genomics Across the Tree of Life
(Coordinator: Prof. Dr. Gert Worheide)

Scope and Objectives

The European Innovative Training Network (ITN) IGNITE (2018-2022) was a Marie Sktodowska-Curie
Action coordinated at the GeoBio-Center, LMU Munich. It brought together 15 doctoral researchers
and 12 European partner institutions to advance biodiversity genomics of non-model invertebrates
and to train a new generation of scientists in integrative genomics, bioinformatics, and evolutionary
biology. IGNITE addressed major gaps in our understanding of animal genome evolution and biod-
iversity by combining cutting-edge sequencing technologies with innovative computational tools. The
program aimed to: (1) produce high-quality genome and transcriptome resources for diverse, under-
represented invertebrate taxa; (2) develop and optimise analytical software for genome assembly and
phylogenomic inference; (3) resolve key evolutionary relationships among major animal lineages; and
(4) identify novel bioactive compounds with potential biomedical applications.

European Training Network

Key Achievements and Research Highlights:

Expanding Genomic Resources for Non-Model Invertebrates

IGNITE significantly broadened the genomic representation of early-diverging animal groups by gen-
erating chromosome-level assemblies and transcriptomes from sponges (Porifera), molluscs (Mol-
lusca), rotifers (Rotifera), chaetognaths (Chaetognatha), and other understudied phyla. New protocols
for in situ chromosome conformation capture (Hi-C) were developed and optimized for soft-bodied
marine invertebrates, enabling high-contiguity assemblies even from challenging tissues. This work
produced the first chromosome-scale genomes for several species, including the freshwater sponge
Ephydatia muelleri, which remains a reference model for sponge biology and early animal evolution,
and the first single-cell RNAseq dataset of another freshwater sponge, Spongilla lacustris.

Methodological Innovations in Genome Assembly and Annotation

IGNITE early-stage researchers (ESRs) developed and benchmarked several open-source tools that
are now widely used in genome assembly and scaffolding. These include instaGRAAL and GraphUn-
zip for high-quality scaffolding and haplotype phasing, MTG-Link for targeted local assembly, and
the TransPi pipeline for de novo transcriptome assembly of non-model organisms. Collectively, these
tools improved genome completeness and accuracy, particularly for species with high heterozygosity
or complex repeat landscapes. The program also advanced the use of energy-efficient algorithms in
phylogenetic inference, resulting in faster and more sustainable computation across bioinformatics
workflows.

"IGNITE" - llluminating Biodiversity Genomics Across the Tree of Life

9



Reconstructing Animal Evolutionary History

A major focus of IGNITE was the reconstruction of the animal tree of life using genome-scale datasets.
ESRs applied innovative models to resolve difficult phylogenetic questions, such as the rooting of
the animal tree (Porifera vs. Ctenophora) and relationships within the Ecdysozoa. Using novel amino
acid recoding approaches and improved fossil calibrations, IGNITE researchers produced some of
the most comprehensive evolutionary timetrees for metazoans to date. Their work has provided new
insights into the early diversification of animals and the evolution of key developmental genes.

Figure: Textile cone snail (Conus
textile) - 2005 Richard Ling;
"Dragon eye" coral, Zoanthus sp.
- 2013 Kazvorpal; Catostylus sp.
(stingless jellyfish) - 2007 Prof-
berger; Stomatopod crustacean
(mantis shrimp) - 2008 Silke
Baron; Chambered Nautilus -
2008 Hans Hillewaert; Nudibranch
Berghia coerulescens - 2009 Par-
ent Géry; Purple Polycarpa aurata
(Sea squirt) - 2006 Nhobgood..
Composition by A. Antunes

Bioactive Compounds and Sponge Holobionts

Beyond phylogenomics, IGNITE explored the biomedical potential of marine invertebrates and their
symbionts. High-quality host-symbiont (holobiont) genomes revealed novel biosynthetic pathways
responsible for secondary metabolites. Notably, the project identified a candidate antibiotic com-
pound and a conserved hybrid NRPS-PKS enzyme family involved in the biosynthesis of 3-alkylpyrid-
ine alkaloids (3-APs), bioactive molecules with potential anticancer and antimicrobial properties.
These findings strengthen the role of sponges as promising sources for natural product discovery.

Novel Insights into Development and Physiology

Other ESRs investigated fundamental biological processes, including early embryonic gene regula-
tion, cellular coordination in sponges, and the evolution of maternal gene expression. Functional pro-
teomics and high-resolution imaging revealed new details of contractile behaviour and cell signalling
in Spongilla lacustris, providing clues to the origins of muscle-like and nervous functions in early
animals. These studies combined cell biology, proteomics, and genomics, integrating molecular and
organismal perspectives across disciplines.

"IGNITE" - llluminating Biodiversity Genomics Across the Tree of Life
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Advancing Open Biodiversity Data and FAIR Principles

IGNITE also contributed to the digital transformation of biodiversity research. Through the OpenBiodiv
knowledge graph and related software, researchers improved the accessibility, interoperability, and
reusability of biodiversity data in line with FAIR principles. Tools such as the Pensoft Annotator and
Omics Data Paper workflow now enable seamless integration of genomic and taxonomic information
into open knowledge networks.

Software Development and Computational Advances

A distinctive outcome of IGNITE was its emphasis on reproducible and sustainable bioinformatics.
Several ESR projects enhanced computational tools such as RootDigger, a program for rooting phylo-
genetic trees using non-reversible models, and Lagrange-NG, a new-generation biogeographic infer-
ence tool optimised for parallel computing. These developments have broad applications across evol-
utionary biology, epidemiology, and even beyond biology — one IGNITE tool (Phylourny) creatively
applied phylogenetic algorithms to predict tournament outcomes.

Training, Collaboration, and Impact

IGNITE was the first international training program focused specifically on invertebrate biodiversity
genomics. Its 15 doctoral fellows received comprehensive interdisciplinary training combining mo-
lecular biology, bioinformatics, evolutionary theory, and science communication. Network-wide train-
ing events included specialised workshops, software development bootcamps, and internships at
partner institutions and industry hosts across Europe. Despite the disruptions caused by the COVID-
19 pandemic, most ESRs successfully completed their research projects and many already defended
their PhD theses.

The program fostered strong collaborations between universities, research institutes, and
private-sector partners, bridging academic excellence with applied innovation. Several IGNITE gradu-
ates have since taken up research and data science positions in academia and industry, underscoring
the network's success in preparing scientists for the rapidly expanding field of biodiversity genomics.

IGNITE’s socio-economic impact lies in its legacy of high-quality genomic data, open-source
tools, and human capacity building. The project substantially enhanced Europe’s expertise in gen-
ome-based biodiversity science and established LMU Munich and the GeoBio-Center as leading
hubs for invertebrate genomics research.

Innovative Training Network

@ | Comparative genomics of
s x_;‘} non-model invertebrates

)55 oY 7 M
{University Bristol N
R : f
Institut Pasteur

Juan Antonio /
Ruiz Santiestoban
[University Zagrab) ALPHA BIOTOXINE
] eibniz Rechenzentrum
F ] [ . faghs un
A 5 Mariya Dimitrova
Yihe Zhao {Pensoft Sota)
(GIIMAR Port) INRIA
- N Zoyuan Chen
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www.itn-ignite.eu

Figure: Early Stage Re-
searcher of ITN IGNITE
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Outlook and Legacy

IGNITE concluded in 2022 with an outstanding scientific and training record. It generated foundational
genomic resources for underrepresented animal groups, developed widely adopted analytical tools,
and inspired a new generation of researchers fluent in both biological and computational sciences.
The knowledge and infrastructure created by IGNITE continue to support ongoing European initiatives
in biodiversity genomics, including the Aquatic Symbiosis Genomics (ASG) project and future doctoral
networks building upon its model. The program exemplifies how integrative, collaborative, and open
approaches can illuminate the complexity of life’s evolution and unlock nature’s molecular potential
for innovation.

Selected Key Publications from IGNITE

Baudry L, Guiglielmoni N, Marie-Nelly H, Cormier A, Marbouty M, Avia K, Mie YL, Godfroy O, Sterck L, Cock JM,
Zimmer C, Coelho SM, Koszul R (2020) instaGRAAL: chromosome-level quality scaffolding of genomes using a
proximity ligation-based scaffolder. Genome Biol 21:148. doi: 10.1186/s13059-020-02041-z

Bettisworth B, Stamatakis A (2021) Root Digger: a root placement program for phylogenetic trees. BMC Bioinformatics
22:225. doi: 10.1186/s12859-021-03956-5

Dimitrova M, Meyer R, Buttigieg PL, Georgiev T, Zhelezov G, Demirov S, Smith V, Penev L (2021) A streamlined workflow
for conversion, peer review, and publication of genomics metadata as omics data papers. Gigascience. doi:
10.1093/gigascience/giab034

Farhat S, Bonnivard E, Pales Espinosa E, Tanguy A, Boutet I, Guiglielmoni N, Flot J-F, Allam B (2022) Comparative
analysis of the Mercenaria mercenaria genome provides insights into the diversity of transposable elements and
immune molecules in bivalve mollusks. BMC Genomics 23:192. doi: 10.1186/s12864-021-08262-1

Guiglielmoni N, Houtain A, Derzelle A, Van Doninck K, Flot J-F (2021) Overcoming uncollapsed haplotypes in long-read
assemblies of non-model organisms. BMC Bioinformatics 22:303. doi: 10.1186/s12859-021-04118-3

Howard RJ, Giacomelli M, Lozano-Fernandez J, Edgecombe GD, Fleming JF, Kristensen RM, Ma X, Olesen J, Sgrensen
MV, Thomsen PF, Wills MA, Donoghue PCJ, Pisani D (2022) The Ediacaran origin of Ecdysozoa: integrating fossil
and phylogenomic data. J Geol Soc London 179:jgs2021-107. doi: 10.1144/jgs2021-107

Kenny NJ, Francis WR, Rivera-Vicéns RE, Juravel K, de Mendoza A, Diez-Vives C, Lister R, Bezares-Calderén LA,
Grombacher L, Roller M, Barlow LD, Camilli S, Ryan JF, Worheide G, Hill AL, Riesgo A, Leys SP (2020) Tracing
animal genomic evolution with the chromosomal-level assembly of the freshwater sponge Ephydatia muelleri. Nat
Commun 11:3676. doi: 10.1038/s41467-020-17397-w

Musser JM, Schippers KJ, Nickel M, Mizzon G, Kohn AB, Pape C, Ronchi P, Papadopoulos N, Tarashansky AJ, Hammel
JU, Wolf F, Liang C, Hernandez-Plaza A, Cantalapiedra CP, Achim K, Schieber NL, Pan L, Ruperti F, Francis WR,
Vargas S, Kling S, Renkert M, Polikarpov M, Bourenkov G, Feuda R, Gaspar |, Burkhardt P, Wang B, Bork P, Beck
M, Schneider TR, Kreshuk A, Wérheide G, Huerta-Cepas J, Schwab Y, Moroz LL, Arendt D (2021) Profiling cellular
diversity in sponges informs animal cell type and nervous system evolution. Science 374:717-723. doi: 10.1126/
science.abj2949

Ruperti F, Becher |, Stokkermans A, Wang L, Marschlich N, Potel C, Maus E, Stein F, Drotleff B, Schippers KJ, Nickel
M, Prevedel R, Musser JM, Savitski MM, Arendt D (2024) Molecular profiling of sponge deflation reveals an ancient
relaxant-inflammatory response. Curr Biol 34:361-375.e9. doi: 10.1016/j.cub.2023.12.021

Simion P, Narayan J, Houtain A, Derzelle A, Baudry L, Nicolas E, Arora R, Cariou M, Cruaud C, Gaudray FR, Gilbert C,
Guiglielmoni N, Hespeels B, Kozlowski DKL, Labadie K, Limasset A, Llirds M, Marbouty M, Terwagne M, Virgo J,
Cordaux R, Danchin EGJ, Hallet B, Koszul R, Lenormand T, Flot J-F, Van Doninck K (2021) Chromosome-level
genome assembly reveals homologous chromosomes and recombination in asexual rotifer Adineta vaga. Sci Adv
7:eabg4216. doi: 10.1126/sciadv.abg4216

Zhao Y, Antunes A (2022) Biomedical potential of the neglected molluscivorous and vermivorous Conus species. Mar
Drugs 20:105. doi: 10.3390/md20020105
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Figure: Participants of the first Summer School organized by IGNITE in Split, Croatia.

Coordinator: Prof. Gert Worheide, Chair of Paleontology & Geobiology, LMU Munich / GeoBio-Center
LMU

Funding: Marie Sktodowska-Curie Innovative Training Network IGNITE (H2020-MSCA-ITN-2017;
Grant No. 764840)

Duration: 2018-2022

Website: https://ignite-itn.eu

Contact: woerheide@Imu.de

"IGNITE" - llluminating Biodiversity Genomics Across the Tree of Life
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ERC and DFG Emmy-Noether Group “Statistical Methods
in Phylogenetics and Macroevolution”

(Prof. Dr. Sebastian H6hna)

Dr. Alessio Capobianco Dr. Gustavo Darlim Dr. Nicolas Lichilin Dr. David Cerny
Postdoctoral researcher Postdoctoral researcher Postdoctoral researcher Postdoctoral researcher

ot e, RS
Killian Smith Bjorn T. Kopperud Wenjie Zhu Basanta Khakurel
Doctoral candidate Doctoral candidate Doctoral candidate Doctoral candidate

2

Haogqing Du Priscilla Lau Prof. Dr. Sebastian Héhna
Doctoral candidate Research assistant Group leader

Our research group works on a wide range of statistical methods, ranging from evolutionary
biology, population genetics and phylogenetics to paleo-phylogenetics. Our primary aim is to
develop new statistical models and computational methods to answer one of the major questions in
evolutionary biology and paleobiology: what are the causes and processes that have shaped
biodiversity over time and space? We want to understand why some groups of organisms, like cichlid
fishes, contain thousands of species, while others, like crocodiles, have very few.

The group is primarily funded by an ERC Starting Grant (2023-2027), a DFG Emmy-Noether
Project (2019-2026) and some specific DFG research grants (e.g., within the two priority programs
TaxonOMICS and G-Evol). Our main goal is to develop statistical methods to study the biological
processes that produce and impact current-day biodiversity. We are taking a phylogenetic approach
to describe the relationship among species (both extant and extinct) with a specific focus on the
divergence time between species. Ultimately, we want to study what processes drive historical
biodiversity and are responsible for the fluctuations, such as major increases and decreases, of
biodiversity over geological timescales. To answer these questions, we will take a multidisciplinary
approach combining statistics, computer science, paleobiology, and evolutionary biology.

Statistical Methods in Phylogenetics and Macroevolution
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MacDrive (ERC-ERC Starting Grant-funded project):

The MacDrive project pursues a holistic approach to understanding the drivers of diversification by
integrating fossil taxa into phylogenies of extant taxa. The project aims to address five key questions:

+  Are diversification rate estimates from phylogenies without fossils reliable?

+  What patterns of diversification rates can be inferred from phylogenies?

+ How have diversification rates changed over time and among lineages for major groups such as
Artiodactyla, Carnivora, Crocodyliformes and Squaliformes?

+ Are diversification rates correlated with environmental factors and/or species-specific factors?

+  Are species-specific factors correlated with survival probabilities of mass extinction events?

To answer these questions, the project involves developing new statistical models,
implementing them in open-source software with efficient algorithms, producing new morphological
datasets and phylogenies, and performing large-scale statistical analyses about macroevolutionary
diversification. A key component of this project involves how to place extinct taxa represented by
fossils into evolutionary trees, from modeling how morphological characters evolve to using the FBD
(Fossilized-Birth-Death) class of models to reconstruct how lineages have speciated, gone extinct,
and have been sampled in the fossil record.
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Picture: Schematic workflow of a total-evidence fossil tip-dating analysis.

To test for lineage-specific shifts in diversification rates, we developed the PESTO program
(Phylogenetic Estimation of Shifts in the Tempo of Origination). PESTO can estimate branch-specific
diversification rates and branch-specific rate shift events efficiently even for species-rich phylogenies
(> 20,000 taxa). PESTO uses an existing model, the birth-death-shift model, but uses a novel
algorithm based on belief propagation techniques to calculate branch rates.
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MacDrive-Trait: Studying macroevolutionary drivers of trait evolution

On a macroevolutionary scale, i.e., over millions of years and across hundreds of closely related
species, we can study adaptation by how the mean trait value per species evolves around a trait
optimum. Over macroevolutionary timescales, this trait optimum will not be stable but instead vary
over time, e.g., due to changes in the global environment, and across species, e.g., specialization on
different diets. The currently most sophisticated approach uses the Ornstein-Uhlenbeck process,
which contains three parameters: the rate of adaptation, the rate of drift, and the trait optimum. In
this project we develop a novel approach to study trait adaptation over macroevolutionary timescales
by extending the basic theory of Ornstein-Uhlenbeck processes. Specifically, we will develop a state-
dependent Ornstein-Uhlenbeck model where all three parameters (the rate of adaptation, the rate of
drift, and the trait optimum) can vary among species and/or vary over time.
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GEvol project: Modeling gene expression evolution in fireflies

Gene expression is a key driver of trait variation, particularly among closely related species. This
project aims to develop innovative methods to study gene expression evolution using phylogenetic
models such as Brownian motion and Ornstein-Uhlenbeck processes, which correspond to
different evolutionary scenarios. Specifically, we extend the models to allow for within-species
variance, a critical yet underexplored aspect of gene expression.

In this project, we use the firefly family (Lampyridae) as a novel study system to investigate
gene expression evolution. Fireflies exhibit recurrent sexual dimorphism across the phylogeny. As
sexual dimorphism is inherently linked to sex-biased gene expression, this makes fireflies an ideal
model for sex-biased gene expression evolution. We collect over 20 firefly species from Europe and
Neotropics, with varying levels of sex dimorphism, and obtain gene expression data from both
sexes. Using our newly extended phylogenetic models, we aim to uncover how sex-biased gene
expression evolves and its relationship with sexual dimorphism across the firefly phylogeny.
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Contact: hoehna@Imu.de

Website: https://hoehnalab.github.io
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DFG Emmy-Noether project “OXYGEDOM”

(Dr. Gonzalo V. Gomez Saez)

Seawater stores as much carbon in the form of dissolved organic matter (DOM) as there is carbon
dioxide (CO,) in the atmosphere. Due to its great size, shifts in reactivity of the marine DOM pool
strongly impact global biogeochemical cycles. Microbial metabolisms in the oceans are directly
responsible for the production, degradation and recycling of DOM, but little is known about how the
complex pool of DOM shapes microbial communities and vice versa.

At the "Biogeochemistry & Climate Change" group of Dr. Gdmez-Saez, a combination of
state-of-art techniques in analytical chemistry and microbial ecology are used to experimentally
investigate biogeochemical interactions between microbes and DOM in the context of
deoxygenation and warming, two of the major side effects of climate change in the ocean.

Group picture of the DFG Emmy-Noether research group in Biogeochemistry & Climate Change, after scientific expe-
dition onboard RV Aurora in August 2025. From left to right: Gonzalo Gémez-Séez, Omer Coskun, Marit Renken, Lau-
rin Lidl. Copyright: Gonzalo Gémez-Sdez

Deoxygenation effects on DOM sequestration in a changing ocean

Over a period of just 50 years (from 1960 to 2010) global oceanic oxygen reserves have been reduced
by 2% and the anoxic waters have quadrupled, mainly due to anthropogenic global warming and
eutrophication. Ocean deoxygenation leads to an expansion of oxygen minimum zones (OMZs),
which contain higher concentrations of DOM (carbon and sulfur) than the oxygenated ocean. Recent
advances in analytical chemistry characterize the DOM at the molecular level in unprecedented
detail, revealing new insights into its source and history by Fourier transform ion-cyclotron resonance
mass spectrometry (FT-ICR-MS). Current progress in sequencing technology can predict specific
functions contributing to the molecular activity of microbial communities in environmental samples
by metatranscriptomics. The synergistic coupling of FT-ICR-MS and metatranscriptomics is
therefore of great importance to connect DOM cycling with microbial activities in OMZs. Our aim in
this research topic, funded by the German Research Foundation (DFG) as an Emmy-Noether
Research Group (2022-2028), is to identify the effects of ocean deoxygenation on DOM
sequestration due to interactions with microbial communities and the marine carbon and sulfur
cycles.

OXYGEDOM
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Organosulfur cycling by active uncultivated microbes

In marine sediment, organosulfur compounds represent a significant fraction of organic matter with
a key role in carbon sequestration. In coastal and marine OMZs, microbial communities play a key
role in the production, degradation and transformation of dissolved organic sulfur (DOS) compounds.
While the cycling of inorganic sulfur has been widely studied, the microbial diversity involved in the
cycling of DOS remains largely unknown. We investigate the cycling and microbial reactivity of key
organosulfur compounds - such as taurine and methionine - in marine sediments and OMZs. Using
quantitative DNA stable isotope probing (gSIP) with labeled DOS substrates (e.g. *C-taurine), we aim
to target the main active microbes driving organosulfur cycling in the ocean. This research is
conducted as part of the DFG Emmy-Noether research group, in collaboration with the
Geomicrobiology group of Prof. William Orsi at LMU and GeoBio-Center.

Deoxygenation effects on microbial element cycling in the Mariager Fjord

Deoxygenation in Danish waters is an increasing problem with 2023 experiencing the most severe
anoxia in 20 years. Mariager Fjord is the longest fjord in Jutland and the second longest fjord in
Denmark. Due to nutrient loading from land combined with its topography, Mariager Fjord has anoxic
bottom waters between spring and late fall, but is typically flushed with oxygen-rich seawater from
the Kattegat during winter. This research topic was part of the DeoxyMar scientific expedition
supported by DCH (Denmark). It involved a ship transit from Aarhus Bay to Mariager Fjord and the
Kattegat open waters in August 2025, onboard the research vessel RV Aurora with Dr. Gdmez-Séez
as Chief Scientist. Our aim is to provide a mechanistic and quantitative understanding for microbial
element cycling interactions under varying levels of deoxygenation. Together with LMU, cooperation
partners in the DeoxyMar project include universities and research centers from Denmark (Center for
Electromicrobiology from Aarhus University, University of Southern Denmark SDU from Odense) and
Sweden (University of Goteborg).

.

Photo: CTD cast during oceanographic
expedition to collect water column
samples from specific depths within the
oxygen minimum zone.

Copyright: Gonzalo Gomez-Saez
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Warming effects on Antarctic microbes and organic matter cycling

Last report of IPCC clearly stated that nowhere is climate change more visible than in the polar
regions, making them the most critical reference regions for the detection and understanding of
global change and its effects on biodiversity and ecosystem functioning. The polar biome is a highly
connected ecosystem with linkages all over its components and beyond. However, can we consider
the Antarctic region an early warning site? With atmospheric CO, concentrations and global
temperature rising in the next few decades, the ocean will become warmer, less oxygenated and
more stratified. The lack of knowledge about environmental drivers behind microorganisms and DOM
pool functioning in response to these changes, especially in polar regions, limits our capacity to
understand and predict the consequences of human activities and its associated global effects. This
research topic includes samples obtained from the NEIGE project, with field and experimental work
in Antarctica performed in December 2023 onboard the National Geographic Explorer by Dr. Gémez-
Séez and the other Co-PI of the project, Dr. David Velazquez (UAM, Madrid, Spain). Both researchers
were "Visiting Scientists" with funds from Lindblad Expeditions and National Geographic.

)
-
__

Photo: Heading into the Lemaire Channel at 65° South, Antarctica. Copyright: Gonzalo Gomez-Saez

Key publications:

Gomez-Saez GV, Dittmar T, Holtappels M, Pohlabeln AM, Lichtschlag A, Schnetger B, Boetius A,
Niggemann J (2021). Sulfurization of dissolved organic matter in the anoxic water column of the
Black Sea. Science Advances 7 (25), eabf6199. DOI: 10.1126/sciadv.abf6199

Coskun OK, Orsi WD, D'Hondt S, Gomez-Saez GV (2025). Identifying the active microbes driving
organosulfur cycling from taurine and methionine in marine sediment. ISME communications,
ycaf033. DOI: 10.1093/ismeco/ycaf033.

Press release: https://www.Imu.de/en/newsroom/news-overview/news/polar-research-warming-in-
the-cooler.html

Contact: g.gomez@Imu.de
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Marie S. Curie Actions Project "JurRad" - Unravelling the
jurassic radiation of Averostra (Dinosauria, Theropoda)

(Dr. Elena Cuesta)

Non-avian theropods, one of the principal lineages of Dinosauria and the lineage leading to
extant birds, represent the majority (more than 40%) of all named dinosaur species, more than any
other major clade. Therefore, their evolutionary history is significant to understand dinosaur diversity,
Mesozoic terrestrial ecosystems, and the evolutionary origin of modern birds.

The Marie S. Curie Actions Project “JurRad” (2023-2025) focuses on the evolution of the
major group of theropod dinosaurs: Averostra. However, despite being one of the most studied
groups, it is also one of the most debated within theropods due to the unclear phylogenetic
interrelationship of its ‘basal’ members and the relationships between their major clades. Averostra
radiated explosively from the Early to Late Jurassic (from 182.7-145 million years), with the
Pliensbachian-Toarcian extinction event (182 million years ago) probably being one of the major
causes for this explosive evolution. The increase in the rate of morphological change that followed
the extinction, together with the fragmentary nature of the fossil record of the ‘basal’ members could
be the cause of the difficulties in unraveling the interrelationships among Averostra. The main goal of
this research is to obtain a robust and synthetic view of the evolutionary drivers of this radiation of
Averostra during the Jurassic, to explore when averostrans originated at the latest and unravel the
impact of the previous extinction on their radiation and how the different lineages were established
in the aftermath.

Skull of Ceratosaurus, Eoabelisaurus and Carnotaurus, three ceratosaurian taxa, showing distinct features, such as: 1.
absence or presence of frontal horns; 2. height of nuchal crest. Phylogenetic tree after Pol et al., 2024

Averostran theropods, either ceratosaurs or tetanurans, seem to have been very rare in the
Early Jurassic, and all Early Jurassic representatives are based on such fragmentary material that it
is difficult to firmly establish their averostran affinities (as opposed to being on the stem-line towards
averostrans). The record in Laurasia is poorly represented by the ceratosaur Saltriovenator from the
Sinemurian of ltaly, the largest predatory dinosaur known from the Early Jurassic. This temporal
range has a better record of averostran in Gondwana landmasses with the discoveries of the
ceratosaur Berberosaurus from the Pliensbachian-Toarcian of Morocco, and the rich fossil record

JurRad - Unravelling the jurassic radiation of Averostra (Dinosauria, Theropoda)
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from the Cafadon Asfalto Formation (Toarcian-Bajocian; Chubut province, Argentina). The latter
Formation represents, so far, the most important vertebrate-bearing unit of the latest Early-early
Middle Jurassic in Gondwana, if not globally. Recent radiometric dating has shown that the age of
the Cafaddn Asfalto Formation from the south of Cerro Condor is 179.17 = 0.12 Ma (Toarcian; Early
Jurassic). This formation has yielded several averostran taxa, such as the early branching tetanuran
theropods Piatnitzkysaurus and Condorraptor, the ceratosaurian Eoabelisaurus and a probable early
allosauroid, Asfaltovenator. These specimens, especially the most recently described, are the most
complete pre-Late Jurassic representatives of their respective clades, and show very interesting
character combinations that will certainly have a bearing on our understanding of averostran
evolution.

The main objective of this project is to study in detail these most complete early members of
the two main averostran lineages from the Cafadoén Asfalto Formation, Eoabelisaurus mefi and
Asfaltovenator vialidadi, and carrying out phylogenetic analyses of this group. Subsequently, it will
assess the morphological changes within a phylogenetic context in the early evolution of Averostra,
and evaluate its connection with the Pliensbachian-Toarcian extinction event and consequent
radiation of theropods.

“Jurassic Argentinean Park”: Averostran taxa from Cainiadon Asfalto Formation

Eoabelisaurus mefi Pol and Rauhut, 2012, is represented by the type specimen that consists of an
almost complete skeleton, lacking only the premaxilla, maxilla, lower jaw and the most distal caudal
vertebrae. Eoabelisaurus was originally recovered as an abelisaurid, but its phylogenetic position
within Ceratosauria is still debated. Posterior studies showed different results, such as Eoabelisaurus
falls out as an abelisauroid outside the abelisaurid-noasaurid dichotomy, within Abelisauridae or
within Ceratosauridae. Eoabelisaurus has few modifications of the skull relative to other abelisauroids
and has a unigue combination of plesiomorphic and apomorphic features in the forelimbs, such as
the plesiomorphic unreduced humerus or the derived morphology of robust and short metacarpals
in the manus). Given furthermore the completeness of the specimen, Eoabelisaurus thus has the
potential to provide essential information to unravel the evolutionary scenario for abelisauroids,
ceratosaurs and averostran theropods in general.

The holotype of Asfaltovenator vialidadi Rauhut and Pol, 2019 is an almost complete
skeleton with a complete skull, presacral vertebrate column, complete both forelimbs and partial
hindlimbs. Asfaltovenator is one of the oldest known and most complete pre-Late Jurassic tetanuran
and it is a probably early-branching allosauroid. Asfaltovenator has several implications in early
tetanuran phylogenetic relationships due to the unusual character combination of features that were
previously considered synapomorphies of Megalosauroidea, such as a pronounced kink in the
anterodorsal margin of the maxillary ascending process or an anterior expansion of the dentary, with
synapomorphies of Allosauroidea, such as a pronounced supranarial fossa or the presence of
pneumatic foramina in the nasal; and characters that are plesiomorphic in tetanurans, such as the
absence of a medial pneumatic recess in the maxilla. Unravelling the evolutionary scenario of these
mosaic-like occurrences of characters in both taxa will improve the inferences about the
relationships of the major clades in Averostra (Ceratosauria and Tetanurae) and their subordinate
lineages.

The previous studies of these taxa allowed to shed light on the hypothesis of a rapid radiation
of Averostra because: (1) they show a mosaic-like morphological data and interesting character
combinations that provide information on macroevolutionary processes in this lineage; (2) they are
branching at the base of major clades of Averostra, which have common difficulties to unravel their
phylogenetic relationship; and (3) both holotypes represent the most complete Early-Middle Jurassic
representatives of averostran theropods that have been found so far for their respective lineages.

JurRad - Unravelling the jurassic radiation of Averostra (Dinosauria, Theropoda)
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Pruned taxa

REDUCED CONSENSUS:

d: Alpkarakush

h: Duriavenator

m: Lourinhanosaurus
p: Marshosaurus

: Megalosaurus

u: Shaochilong

v: Siamotyrannus

A: Vallibonavenatrix
B: Yunyangosaurus

@ Averostra
@ Tetanurae
us iguidensis @ Orionides i

@ Piatnitzkysauridae

@ Megal
@ Avetheropoda
@ Allosauroidea

@ Megalosauroidea
@ Avetheropoda
@ Allosauroidea

Preliminary phylogenetic results of Asfaltovenator using equally weighting and implied weighting in parsimonious anal-
ysis. The recovered position of this taxon is in Allosauroidea in both analysis, but the group Piatnitzkysaurus, formed
by jurassic taxa, changes the position in the topology of the tree.

Novelties in the study of Eoabelisaurus and Asfaltovenator

The anatomical description of Eoabelisaurus and Asfaltovenator and preliminary phylogenetic
analyses demonstrate:

1) Eoabelisaurus possesses a mosaic of features between Ceratosaurus, an early branching
taxon in Ceratosauria, and Abelisaurids, even with the most derived members. For example, it has
lower nuchal crest than derived abelisaurids and lacks strong ornamentation, but it has a supraorbital
brow in the postorbital, the bone situated posterior to the orbit as in derived abelisaurids. The
specialization of its skull and forelimb follow a trend typical of this group towards the gigantism of its
most derived members.

2) The stable position of Asfaltovenator in allosauroids and its influence on the changes in
the topology of the trees, related to other groups as the position of Piatnitzkysaurids, are related to
its completeness and its potential to provide pivotal information about the evolution of the clade.

Both taxa from Canadén Asfalto formation have provided information to understand the
phylogenetic characters of their groups, improving the morphological matrices used in previous
studies regarding Averostra. Further research using macroevolutionary analysis with phylogenies will

be necessary to unravel the evolutionary history of this group and improve the phylogenies of
Averostra.

Contact: cuesta@snsb.de
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DFG-Project "ChemTrail" - Sensory enrichment to augment
fish community development on degraded coral reefs

(Dr. Gerrit Nanninga)

This project is funded by the German Research Foundation (Deutsche Forschungsgemeinschaft —
DFG; duration 2024-2026) and seeks to harness natural processes in sensory ecology to supplement
recovery and resilience in coral reef ecosystems.

Picture: Coral reef fish larvae. Photo: G. Nanninga

Coral reefs worldwide are being degraded at unprecedented rates through anthropogenic
impacts. To save these important ecosystems, decision makers are increasingly turning towards
coral restoration. However, current restoration approaches are costly and limited in scale. This
project aims to use chemosensory enrichment to enhance the development of coral reef fish
communities at degraded reefs. Fishes perform a range of functional roles on the reef that are vital
for habitat recovery and resilience. Local abundance of fishes is governed by recruitment of pelagic
larvae that use olfactory cues emitted by the reef community to navigate towards settlement habitat.
However, degraded reefs smell less favorable than healthy reefs and therefore receive less
recruitment. This feedback-loop hampers reef recovery. By mimicking the chemosensory signal of a
healthy reef habitat, we can attract fish (and potentially coral) larvae to degraded reefs or restoration
sites, thereby enhancing natural reef recovery. Specifically, we aim to:

(1) Assess the chemosensory signature of natural reef communities
Water from coral reefs in different health states (from healthy to degraded) will be analyzed for
Biogenic Volatile Organic Compounds (BVOCs) and Dissolved Organic Matter (DOM) using in situ
sorptive extraction and water sample analyses. In collaboration with Dr. Gonzalo Gomez-Saez
from LMU and Prof. Sergio Rasmann from the University of Neuchatel, Switzerland.

(2) Test, which (mixes of) natural reef compounds are most attractive to fish larvae
We will use behavioral observations in choice flumes to assess the potential of specific target
compounds, identified on step one, to attract fish and invertebrate larvae. During these
experiments, individual larvae can freely choose between two non-overlapping streams of water
carrying different chemosensory signals.

"ChemTrail" — Sensory enrichment to augment fish community development on degraded coral reefs
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(3) Develop a method to achieve sustained release of the relevant compounds in situ
We will test a hybrid biomaterial that releases the focal settlement cues via a nanoparticle—
biopolymer delivery system. The material is called SNAP-X and was developed by the Coral Reef
Ecophysiology and Engineering Lab at Scripps Institution of Oceanography in California to
enhance coral settlement. We aim to adapt the approach for reef fishes. In collaboration with Dr.
Daniel Wangpraseurt from Scripps, USA.

(4) Test & refine chemosensory enrichment to enhance fish recruitment in field experiments
The final step will be to test the developed approach in the field. Fish recruitment will be
monitored over four weeks on small artificial patch reefs, some of which are treated with the
newly developed SNAP-X (treatment) and some of which are not (control).

Steps 1 (water sampling), 2 (behavioral experiments), and 4 (field experiments) are implemented in
the Maldives in collaboration with the Anantara Dhigu Resort. In the long run, we aim to establish this
approach as a cheap and effective new tool to support coral reef restoration worldwide.

header tanks valves inlet fine mesh arena

honeycomb collimators retaining mesh outflow

‘ fish larva
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Hl

cue 2

—

Figure: ChemTrail experimental workflow

Contact: g.nanninga@Imu.de
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Low CO2 concentrations

The team led by LMU researcher Sebastian Hohna reports in Nature Communications.
12.01.2022

Ecosystems on our planet have changed from dense forests to open-habitat ecosystems such as grasslands
which provide resources for large grass-feeding mammals (e.g., horses). A team led by Sebastian Hohna, head
of an Emmy Noether research group at the GeoBio-Center at LMU, now have analyzed the timing of the radiation
of grasslands’ most important plant families (grasses and daisies) using information provided by time-calibrated
molecular phylogenies and a novel Bayesian statistical model.

© RF-Foto - stock.adobe.com

The scientists found that the most important diversification of grasses and daisies occurred about 20 million
years ago. Interestingly, the onset of the diversification of grasslands appears to have occurred just after a
significant global drop of atmospheric CO,. Plants absorb carbon dioxide and release oxygen and water vapour
through stomata in their leaves. Low CO, concentrations trigger opening of stomatal pores which increases the
loss of water. The scientists assume that carbon limitation and water stress due to lower atmospheric CO,
favored grasslands at the expense of forests.

Luis Palazzesi, Oriane Hidalgo, Viviana D. Barreda, Félix Forest, Sebastian H6hna: The rise of grasslands is
linked to atmospheric CO2 decline in the late Palaeogene. Nature Communications 2022
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Paleobiology: complex family relationships

An international team of researchers led by LMU paleontologist Bettina Reichenbacher has
managed to classify fossils of one of the most species-rich fish groups into a family tree for the
first time.

11.07.2022

Gobies are one of the most species-rich groups of ocean and freshwater fish. Found throughout the world in
around 2,300 species divided between eight families, the Gobioidei suborder is highly diverse. Understanding
how, why, and when this diversity came about is very complicated.

Ancestral but specialized: Rhyacichthys guilberti Dingerkus & Séret 1992 from Solomon. Its body shape is an adaptation to
strong water flow conditions.

In helping to answer these questions, goby fossils can make a definite contribution. After all, they are direct
evidence of goby diversity many millions of years ago. First, however, scientists had to find out whether the
fossil gobies belong to one of today’s families — and if so, which one. And this problem could not be solved - at
least sufficiently — before now, as the individual goby families have acquired only few new traits, so-called
apomorphies, in the course of their evolution. And few of these important traits generally survive in fossil
gobies. For this reason, most fossil gobies could not be assigned to a family before now, or only with a high
degree of uncertainty.
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Rare ancestral beauty in its native habitat: Protogobius attiti Watson & Pollabauer 1998 from New Caledonia.

To solve this problem, an international team of researchers led by LMU paleontologist Bettina Reichenbacher
took the existing molecular family tree of the gobies and for the first time supplemented the molecular data with
morphological data.

Through this technique, the researchers were able to then “add” fossil goby species to the established family
tree of today’s gobies. Or, to put it another way, the fossils were “placed” in the family tree of their current
descendants. Some of the fossils ended up in a place in the family tree where previous studies had indicated
they might belong; others ended up in entirely new, sometimes surprising family surroundings. “*We see our
approach as groundbreaking for all further phylogenetic investigations into fossil gobies,” says Reichenbacher.
The researchers hope that this will yield a better understanding of the evolutionary history of these fascinating
fish.

Citation: Gierl C, Dohrmann M, Keith P, Humphreys W, Esmaeili HR, Vukic¢ ], et al. (2022) An integrative
phylogenetic approach for inferring relationships of fossil gobioids (Teleostei: Gobiiformes). PLoS ONE 17(7):
e0271121. https://doi.org/10.1371/journal.pone.0271121
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Environmental Medal of Bavaria for Andreas Fleischmann

GeoBio-Center LMU member PD Dr. Andreas Fleischmann received the Environmental Medal of
Bavaria.

23.09.2022

LMU GeoBio-Center member PD Dr. Andreas Fleischmann received the Environmental State Medal of Bavaria
yesterday afternoon. During an honorary ceremony in the former Dominican Church in Bamberg, Minister of
State Thorsten Glauber presented the award.

Minister of State Thorsten Glauber (left) and Dr. Andreas Fleischmann

As curator for flowering plants at the Botanical State Collection Munich (SNSB-BSM), as lecturer for systematic
botany at the LMU and honorary member of the Bavarian Botanical Society, Andreas Fleischmann contributes his
broad expertise to environmental protection.

"You provide society with the facts needed to advance environmental protection in Bavaria," said State Minister
Thorsten Glauber, explaining the award. "I would particularly like to highlight your successful scientific
communication on the environmental topics of biotope destruction and flower strip management and your expert
commitment to the environmental policy discussion on species loss, effective species protection and the
establishment of biotope bridges."

The Bavarian State Medal for Special Services to the Environment is the highest award that the Bavarian state
has to bestow in this field. It is awarded annually by the Bavarian State Minister for the Environment and
Consumer Protection to individuals or associations who have rendered outstanding services to nature
conservation and environmental protection. This year, eleven people received the medal.
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How Scientists Used Lasers, Satellites and Planes to Map One of
Indonesia’s Biggest Sources of Emissions

07.11.2022

blog authored by Katie Fletcher for globalforestwatch.org

Drainage canals in peatland, Central Kalimantan, Indonesia. Photo: Flickr/World Resources Institute

Twenty years ago, GeoBio-Center member Prof. Dr. Florian Siegert, was conducting ecology research in Borneo
when a series of fires blazed across Indonesia. The Asian Forest Fires of 1997-1998 burned thousands of miles
of rainforest, creating a haze and air quality disaster that caused $5-6 billion in economic losses and endangered
the long-term health of 70 million people.

Siegert is also managing director of RSS - Remote Sensing Solutions GmbH, which has been one of the leading
companies for earth observation in Germany for more than 20 years. The company specializes in the processing
and analysis of satellite data in the fields of environmental monitoring, nature conservation, climate change and
natural hazards.

The rampant spread of the fires through the vast tropical rainforest struck Siegert. Why were these fires
happening, and why were they so aggressive?

Seeking answers to those questions led Siegert to where he is today, the winner of a $1 million prize for
mapping Indonesia’s peat, boggy lands composed of decaying organic matter. It's just the latest achievement in
a long career exploring peat, an often overlooked yet vitally important ecosystem in the global battle to fight
climate change.

As Siegert and his team studied the 1997-1998 fires, it became clear that rainforests in places like Borneo and
Sumatra grow on peat, and there were still vast layers of peatland had not yet been burned



“Peatlands at that time were basically uninhabited - strange ecosystems with acidic water and many endemic
plants,” Siegert recalled. "We wanted to find out more about the ecology of this ecosystem and how it was

formed.”
Peat, Long Buried, Starts to Burn

In 2002, Siegert and team published a landmark paper exposing a dire problem: When tropical peat burns, it
releases massive carbon emissions.

Knowing just how thick these unburned layers of peat were was now critical to understanding how much carbon
remained within the peat—and how much damage it would cause if it were to burn.

Peat Swamp, Central Kalimatan, Indonesia. Photo: Flickr/World Resources Institute

Siegert and researchers began collecting field data in collaboration with Indonesian and European universities,
resulting in more than 10 years of concerted research on the specific properties of peat swamps and why exactly
they burn. “We started to drill holes in peat swamps to see how thick the layer was and did analysis of the
biomass materials to get an understanding of how exactly it was formed,” Siegert explained.

Indonesia’s record-breaking 2015 fire season demonstrated how important this research continues to be today.
Half of the fires burned on peatland, igniting a carbon bomb that catapulted the country from the world’s sixth-
largest emitter to its fourth-largest. Global pressure for Indonesia to protect and restore its peatlands increased.

Without a precise understanding of the location, type, extent and depth of Indonesia’s peat, though, this task
would be nearly impossible. In response, the Indonesian Geospatial Information Agency (BIG) opened the
Indonesian Peat Prize contest. The team that came up with the best way to map peat would be awarded a $1
million prize—and their contribution would form the basis for Indonesia’s national action on peat.

The Perfect Peat Map: Lasers, Planes and Satellites

When Siegert heard about the Peat Prize, he began hand-selecting a team of partners he’d worked with over the
last 15 years.



The International Peat Mapping Team
L

06

Dr. Florian Siegert Dr. Bambang Setiadi Dr. Muh Bambang Prayitno Dr. Hans Joosten

ecologist with +20 leader in developing soil scientist skilled in peat scienfist

yearsof expenience nation standards for identifying the boundaries contributing to the IPCC
mapping peatlands carbon accounting of peat chapter on peat

—_— Q- N
Felicitas Von Poncet Solichin Manuri Dr. Uwe Ballhorn Peter Havratil
expertininterpreting researcher using LIDAR forester specializing in expert in peatland identification
radar imagery to the for carbon mapping peat carbon mapping using satellite imagery
using sateliite imagery

WORLD RESOURCES INSTITUTE

The team’s diverse experts would have to address both parts of mapping peatlands: distribution and topography.

The first step towards assessing peat distribution was to identify already burned or degraded peat no longer
recognizable as peat swamp in recent satellite imagery. To do this, the team used historic Landsat satellite
imagery dating back to the 1970s, which enabled them to view peat swamp forest distribution and how it
changed over time. Using more recent, higher-resolution Sentinel-2 satellite imagery, the team could identify
additional characteristics typical for peatland such as drainage canals and double-check information gathered
from Landsat.

Properties of a Peat Swamp
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With a better understanding of the peat’s distribution, they moved on to determine the thickness of peat
locations—a process also accomplished in two steps. Peat is characteristically formed in dome-like structures;
you can guess how much peat there is by mapping the topography of the domes in the landscape. Satellite
images taken from the Airbus WorldDEM provided a first look at how tall each peat dome might be. The team
then innovatively used LiDAR—which works as sonar does with sound, but with lasers—to create a very detailed



topography (up to 1m resolution in xy and 10 cm resolution in elevation) and digital 3D representation of
selected areas. (Flying LiDAR light beam instruments from airplanes cost more than any other part of the peat
mapping process, but the team maximized its efficiency by only using this method to cross-check select areas of
the topography map produced by WorldDEM.)

Finally, the team hired locals who lived nearby these peat areas to drill several dozens of holes into the soil.
They examined each hole to see how deep the peat went—a kind of fact-check for the satellite-based work that
could be efficiently replicated by Indonesians across the country.

Indonesia Peat Prize Winning Methodology
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This combination proved to be the most accurate, efficient and affordable submission in the Indonesian Peat
Prize content, and the International Peat Mapping team won the $1 million prize. The Indonesian government
will now use the team’s methodology—as well as select elements of other submissions, including a helicopter-
based frame for measuring peat thickness with electromagnetic waves—as the standard for mapping the entire
country’s peatlands.

The Potential for Peat Restoration

After paying back the investment made by Remote Sensing Solutions, his 15-person company that funded the
initiative, Siegert plans to apply the winnings to do research on peat restoration. He also intends to enhance
academic cooperation among universities to develop a “peat thesis” program that deals specifically with
restoration of peat. Finally, Siegert says he’ll also work to expand this effort beyond Indonesia to explore the
completely unknown—and luckily, undisturbed—peatlands in Africa.
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Crown-of-thorns seastar from Red Sea

LMU and SNSB researchers have identified coral-eating crown-of-thorns seastars in the Red Sea
as distinct species that occurs only in this location.

11.11.2022

Tropical coral reefs are among the most endangered ecosystems on Earth. In addition to climate change, coral-
eating crown-of-thorns seastars (Acanthaster spp.) pose one of the biggest threats in parts of the Indo-Pacific
region. Up to 40 cm in length, these creatures feed mainly on the polyps of fast-growing stony corals. Mass
outbreaks are not uncommon, whereby the seastars propagate at a rapid rate and many thousands of
individuals can destroy large areas of coral reef. Such mass outbreaks have become increasingly frequent over
recent decades, partly because the natural enemies of the seastars have been decimated by overfishing.
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Crown-of-thorns seastar from Red Sea; Foto: PD Dr. Oliver Voigt

Crown-of-thorns seastars are widely distributed throughout the Indo-Pacific region. They get their name from
the large venomous spines that protrude from their arms. Based on regional morphological differences, various
species had been described in the past. However, the relationships between them remained somewhat hazy. “It
was long assumed that the first species in the genus described, Acanthaster planci, was distributed from the Red
Sea and the Indian Ocean over the entire Pacific,” says Gert Wérheide, Professor of Paleontology and Geobiology
at LMU. However, DNA barcoding data from a doctoral thesis supervised by Wérheide showed more than 10
years ago that A. planci can be subdivided into four strongly diverging genetic lineages, which presumably
represent different species. A team led by Wérheide and Gerhard Haszprunar, Professor of Systematic Zoology
at LMU, has now demonstrated with the aid of morphological investigations and genetic analyses that the crown-
of-thorns seastar native to the Red Sea form a distinct species, which has been given the name Acanthaster
benziei. “This underlines once again the importance of the Red Sea as an ecosystem with unique fauna and
numerous endemic species,” emphasizes Woérheide. The new species name honors John Benzie, Professor at
University College Cork, who has done pioneering work with his groundbreaking genetic studies on crown-of-



thorns seastars in the 1990s and his comprehensive collection.

Fewer arms, thinner spines

With A. benziei, the scientists managed to describe a new species of crown-of-thorns seastar for the first time in
several decades. “Although isolated particular features had already been observed in crown-of-thorns seastars
from the Red Sea, such as a tendency to a more nocturnal lifestyle and probable lower toxicity of the spines, we
didn’t know yet that it was actually a distinct species,” says Worheide. The research confirmed clear differences
between A. benziei and the other species of the “A. planci” species complex. In addition to characteristic
sequences in the mitochondrial DNA, this included morphological features such as a lower number of arms and
thinner, differently shaped spines.

Crown-of-thorns seastar from Red Sea; Foto: PD Dr. Oliver Voigt

“Now that we know it’s a distinct species, we can direct our attention to the biology, ecology, and toxicology of
A. benziei and the other Acanthaster species,” says Worheide. In the past, scientists had also observed a lower
tendency for mass outbreaks in Red Sea crown-of-thorns seastars. “Such outbreaks are known primarily from
Acanthaster cf. solaris in the western Pacific and regularly cause major damage to the Great Barrier Reef,
whereas the phenomenon appears to be less severe in the Red Sea — whether species-specific characteristics
are a contributing factor could be the object of future investigations,” says Wérheide. Most data that have been
gathered to date on the biology and ecology of crown-of-thorns seastars comes from Acanthaster cf. solaris from
the western Pacific. "By clearly distinguishing the various species of coral-eating crown-of-thorns seastars, we
can carry out more detailed research into the dynamics of mass outbreaks, one of the multiple stressors that
affect tropical reefs. Ultimately, this is a step in the direction of better management of reef ecosystems.”

Original publication

Gert Woérheide, Emilie Kaltenbacher, Zara-Louise Cowan, Gerhard Haszprunar. A new species of crown-of-thorns
sea star, Acanthaster benziei sp. nov. (Valvatida: Acanthasteridae), from the Red Sea. ZOOTAXA, 2022. 5209 (3),
379-393
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Glass sponge genome furnishes insights into evolution of
biomineralization

The genome of a glass sponge species suggests that silica skeletons evolved independently in
several groups of sponges.
27.06.2023

Researchers led by geobiologist Professor Gert Worheide have decoded the genome of Aphrocallistes vastus, a
reef-building glass sponge found off the coast of British Columbia. The sponge possesses a unique skeletal
structure of amorphous silicon dioxide, from which the class of glass sponges gets its technical name -
Hexactinellida. Well-annotated and contiguous genomes are an indispensable resource for understanding the
evolution, development, and metabolic capacities of organisms. However, the ecologically important sponges are
underrepresented with respect to available genome resources.

The reef-building glass sponge Aphrocallistes vastus is found off the coast of British Columbia in Canada. | © Sally Leys
and CSSF ROPOS



As the researchers report in the journal Royal Society Open Science, the sponge species possesses a compact
genome with numerous nested genes. The study identified several genes connected with the growth of the
animals, and in particular with the formation of their mineral skeleton. Its results suggest that the
biomineralization of silicon dioxide developed independently in different sponge classes. “Our investigations shed
a new light on the biology of glass sponges, provide valuable insights into their evolutionary history, and
highlight their ecological significance, deepening our understanding of these mysterious organisms and their
important role in marine ecosystems,” says Worheide.

Original publication

Warren R. Francis, Michael Eitel, Sergio Vargas, Catalina A. Garcia-Escudero, Nicola Conci, Fabian Deister,
Jasmine L. Mah, Nadége Guiglielmoni, Stefan Krebs, Helmut Blum, Sally P. Leys, Gert Worheide: The genome of
the reefbuilding glass sponge Aphrocallistes vastus provides insights into silica biomineralization. Royal Society
Open Science, 2023
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New source of information on evolution of European gobies

A team led by LMU paleontologist Bettina Reichenbacher has demonstrated for the first time

that ‘earstones’ and skeletal traits permit to recognize familial relationships of the fish.
25.07.2023

Unravelling the evolution of European gobies. This pictures shows a
specimen of Gobius cruentatus | © Uli Schliewen / SNSB-ZSM

Gobiidae (gobies) is one of the most species-rich families of marine
and freshwater fish in Europe. They are generally quite small
(maximum 10 cm), spend the vast majority of their lives on the floors
of waterbodies, and make substantial contributions to the functioning
of various ecosystems by virtue of their abundance and variety. An
important strand of research into today’s gobies seeks to understand
their evolutionary history through molecular analyses and with the
help of fossils. Fossils are vitally important because they are the only
direct evidence we have to know which gobies existed many millions
of years ago.

It is a scientific challenge, however, to precisely classify fossil gobies
- that is to say, determining to which present-day gobies they are most closely related. Molecular methods are
of course not available for fossils, but we do have their hard parts, namely the bones of their skeletons, their
teeth, scales, and ‘earstones’ - or otoliths to give them their scientific name. Otoliths are biomineralizations in
the inner ear of gobies (and indeed all bony fish). Primarily, they help the fish with balance, orientation, and
acoustic communication. But whether hard parts such as skeletal traits or otoliths permit precise classification of
a goby fossil could not be established with certainty before now.

An international team of scientists led by Professor Bettina Reichenbacher from the Department of Earth and
Environmental Sciences at LMU and the GeoBio-Center at LMU has now presented a comprehensive dataset on
the skeletal traits and otoliths of present-day European gobies in the Zoological Journal of the Linnean Society.
The researchers document that the morphology of otoliths allows classification at the levels of genus and species
and even between closely related dwarf gobies, and that skeletal traits and morphometric otolith variables can
be diagnostic for a goby lineage. They conclude that the new data are a valuable reference tool for evaluating
the phylogenetic relationships of fossil gobies. “Our results pave the way for future research into goby fossils in
the context of their familial relationships with the gobies of today, thus making a significant contribution to our
knowledge of the evolutionary history of this highly interesting family,” says Reichenbacher.

Original publication

Reichenbacher, B., Vuki¢, J., Sanda, R., Schliewen, U. K., Esmaeili, H. R., & Kassar, A.: Skeletal traits and otoliths
can unravel the relationships within European Gobiidae (Gobius lineage sensu lato). Zoological Journal of the
Linnean Society, 2023
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Geobiology: new placozoan habitat discovered

Traces of DNA in the stomachs of predatory snails give a team led by LMU geobiologist Gert
Worheide new insights into the ecology of placozoans.

11.04.2024

Foto: Placozoan species Hoilungia hongkongensis, © Hans-Jirgen Osigus,
Stiftung Tierarztliche Hochschule Hannover

Placozoans are among the simplest animals and occur worldwide in
coastal waters. It was previously assumed that the tiny creatures,
which measure just a few millimeters, live either on hard surfaces -
such as rocks, corals, and mangrove roots - or float in open coastal
waters as so-called “swarmer” stages. Through analysis of DNA
traces in the stomachs of predatory sea slugs, a team led by LMU
geobiologist Professor Gert Worheide has demonstrated that the
animals also live in the seabed sediment, a habitat they were
previously thought not to colonize. In addition, they are more
genetically diverse than had been known, as the researchers report in
the journal Ecology and Evolution.

With their flat, disk-shaped bodies, all placozoans worldwide look strikingly similar. Nevertheless, Wérheide and
his team were already able to demonstrate in previous studies that there are huge genetic differences between
them. “These differences are comparable with those between humans and mice,” emphasizes the geobiologist.

Due to their diminutive size and inconspicuousness, placozoans are challenging to study in their natural
environments. To gain a better insight into the ecology of the animals, the researchers exploited the fact that
small shell-less sea slugs from the Rhodopidae family feed on placozoans.

Among the undigested meals of sea snails

“We hoped we could find undigested remains of placozoans in the stomach contents of the snails, which we
could then perform molecular analyses on,” recounts Dr. Michael Eitel, lead author of the study. “To this end, we
bioinformatically investigated publicly accessible genetic data for the snails for traces of placozoan DNA.” To the
researchers’ surprise, they also identified the DNA of placozoans in the stomachs of snails that live exclusively in
seabed sediments — a habitat that all experts had previously ruled out for the very fragile placozoans. “Clearly,
however, their presence in sediments is a normal occurrence and could even play a key role in their biology,
particularly in their sexual reproduction, about which we have only rudimentary knowledge,” says Eitel.

Furthermore, the scientists discovered an unexpectedly large genetic diversity. In the stomach contents of just two
snails, they found five genetically different lineages, of which three had never been described before. In the view
of the researchers, this indicates that the diversity of placozoans is much greater than previously assumed. “Our
results will have a big impact on our picture of the developmental history of one of the oldest phyla on Earth,” says
Worheide. “At the same time, the major new habitat discovery literally adds another dimension to the ecology of
placozoans.”

Info: Michael Eitel, Hans-Jlirgen Osigus, Bastian Brenzinger, Gert Worheide: Beauty in the beast - Placozoan
biodiversity explored through molluscan predator genomics. Ecology and Evolution 2024
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Paleontology: new fossil fish genus discovered

LMU paleontologists have identified a new genus of fossil goby, revealing evolutionary secrets of
a lineage that stretches back millions of years.

10.06.2024

Gobies or Gobioidei are one of the most species-rich groups of marine and freshwater fish in Europe. Spending
most of their lives on the bottom of shallow waterbodies, they make substantial contributions to the functioning
of many ecosystems. With the identification of a new genus of a fossil freshwater goby, students of the
international master program Geobiology and Paleobiology at LMU and paleontologist Bettina

Reichenbacher, professor at the Department of Earth- and Environmental Sciences and the GeoBio-Center at
LMU, have made a discovery that provides critical insights into the evolutionary history of these fish.

Measuring up to 34 mm, the small fish of the new genus tSimpsonigobius were discovered in 18-million-year-
old rocks in Turkey and are marked by a distinct combination of morphological features, including otoliths
(hearing stones) with a unique shape.

Fossil fish of the new genus tTSimpsonigobius. | Photo: Moritz Dirnberger

To determine the relationships of tSimpsonigobius within the gobioid phylogenetic tree, the researchers utilized
a “total-evidence” phylogenetic dataset, which they enhanced in order to combine a total of 48 morphological
characters and genetic data from five genes for 48 living and 10 fossil species. In addition, the team employed
“tip-dating” for fossil gobioid species for the first time. This is a phylogenetic method in which the age of the
fossils (= tips) included in the phylogenetic tree is used to infer the timing of the evolutionary history of the
entire group.

The results show that the new genus is the oldest skeleton-based member of the family Oxudercidae - which is
classified among the "modern” gobies (families Gobiidae and Oxudercidae) - and the oldest freshwater goby
within this modern group. The tip-dating analysis estimated the emergence of the Gobiidae at 34.1 million years
ago and that of the Oxudercidae at 34.8 million years ago, which is consistent with previous dating studies using
other methods. Moreover, stochastic habitat mapping, in which the researchers incorporated fossil gobies for the
first time, revealed that the gobies probably possessed broad salinity tolerance at the beginning of their
evolutionary history, which challenges previous assumptions.

“The discovery of tSimpsonigobius not only adds a new genus to the Gobioidei, but also provides vital clues
about the evolutionary timeline and habitat adaptations of these diverse fishes. Our research highlights the
importance of analyzing fossil records using modern methods to achieve a more accurate picture of evolutionary
processes,” says Reichenbacher. First author Moritz Dirnberger, currently a doctoral candidate at the University
of Montpellier, adds: “The findings are expected to pave the way for further studies on gobioid evolution and the
role of environmental factors in shaping their diversity.”

Annex: Reports and Press Releases

52



Original Publication

Dirnberger M., Bauer E., Reichenbacher B. (2024): A new freshwater gobioid from the Lower Miocene of Turkey
in a significantly amended total evidence phylogenetic framework. Journal of Systematic Paleontology 2024.
https://doi.org/10.1080/14772019.2024.2340498
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Warming in the cooler

The Antarctic is a key region for the global climate — and here, too, the greenhouse effect is
leaving its mark. From the research magazine EINSICHTEN

19.06.2024
Expedition Antarctica
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The Southern Ocean plays a major role in the global heat and carbon cycle. How is climate change altering
ocean currents, ice fields and the activity of microorganisms?
© Gonzalo Gomez

Huge fields of sea ice, kilometer-thick ice sheets, and enormous glaciers: A few weeks after returning from
Antarctica, Gonzalo Gomez-Saez is still overwhelmed. “You're really alone there, in the middle of nowhere,
surrounded by untouched beauty,” raves the Biogeochemist. Far away from civilization, humans are just guests
in that extreme environment. But as remote as this world seems, far-reaching changes are taking place: The
dramatic shrinking of sea ice, rising temperatures, and disappearing glaciers attest to the impact of climate
change even here. How microbial communities respond to temperature changes, is one of the questions that
Gomez-Saez investigates.

Meanwhile, Alexander Haumann, Professor of Physical Geography with Focus on Oceanography at the
Department of Geography, mostly studies the physical world: “Many people probably don’t realize that the
Southern Ocean stores vast amounts of anthropogenic CO2 and heat,” says Haumann. “"The ocean as a whole
absorbs around 90 percent of the heat that is additionally absorbed by the climate system through fossil
emissions. Three-quarters of this amount end up in the Southern Ocean. And it's a similar story with carbon
dioxide. Also there a relatively large share is taken up by the Southern Ocean.” As such, the Southern Ocean has
been one of the most important brakes on global warming

Read more about highlights of research in the current issue of our LMU magazine EINSICHTEN at www.Imu.de/
einsichten.

"Of course, changes in the Southern Ocean don’t influence our weather of tomorrow, but in the long
term the influence on our local climate and the people in Europe is massive."

Alexander Haumann



Gathering samples by motorboat

As a guest scientist from Lindblad Expeditions - National Geographic, Gomez-Saez had the opportunity to travel to
Antarctica.

© Emily Mall

Polar regions release CO2 from the deep ocean

As the planet’s “cooler,” the Antarctic powers winds and ocean currents. Consequently, it also drives global
cycles such as heat and carbon cycles. But what happens if climate change alters ocean circulation and the
properties of the Southern Ocean? That is one of the questions that Haumann seeks to answer. In contrast to
the tropics and subtropics, where the temperature differences between warm surface water and cold deep water
create such robust stratification that hardly any exchange takes place, the water layers mix more easily in the
cold Antarctic. “"Around 80 percent of global deep water masses from the Pacific and Atlantic only resurface in
the Southern Ocean,” says Haumann. Because the deep ocean contains about 40 times more carbon dioxide
than the atmosphere, there is a natural release of CO2 in the polar regions when deep waters return to the
surface, whereas CO2 is absorbed by the ocean in other regions. If the circulation and mixing of water layers
change, this can alter the balance of these and many other processes in turn.

Gonzalo Gomez-Saez | © David Velazquez

The influence of biological processes on the carbon
stored in the oceans is a subject being investigated
by Gonzalo Gomez-Saez, leader of an
interdisciplinary Emmy Noether research group at
LMU’s Department of Earth and Environmental
Sciences. A sizable portion of organic carbon is
contained in dissolved organic material, which
radiocarbon analyses indicate has been accumulating
in the ocean for over 6,000 years in some cases.

Why these substances are not metabolized remains a
puzzle to marine scientists. In the Antarctic, as
visiting scientists on the Lindblad Expeditions-
National Geographic 'Journey to Antarctica' voyage
(funded from LEX-NG funds), Gomez-Saez and his
Spanish colleague David Velazquez, National
Geographic Explorer from Universidad Auténoma de

_e. Madrid collected water, ice, and soil samples. "It was
especially challenging to conserve our samples without the microbes growing or incurring cell damage,” recalls
Gomez-Saez. "But I am confident we will obtain some novel and exciting results on the interplay between
microbes and dissolved organic matter in this vulnerable ecosystem.”

"You’re really alone there, in the middle of nowhere, surrounded by untouched beauty."

Gonzalo Gomez-Saez
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© Gonzalo Gomez

The Antarctic as early warning system for climate change

Currently, the samples are still being stored at minus 20 degrees in the town of Ushuaia in Tierra del Fuego. As
soon as they arrive at his laboratory in Munich, Gomez-Saez will investigate the ability of the microbes to
process various kinds of dissolved organic substances. To this end, he will use carbon compounds labeled with
stable isotopes to track their development and undertake genetic studies to analyze which microbes are active
when. “Colder temperatures could lead to higher carbon contents,” explains Gomez-Saez. Through his
experiments, he wants to ascertain, among other things, what influence temperature has on microbial activity
and whether certain forms of dissolved organic matter are more enticing for microbes than others.

Which molecules make up the dissolved organic
material in his samples? Where do they come from?
How are they metabolized? Gomez-Saez investigates
these questions in cooperation with research groups
at the GeoBio-Center of LMU, at the Max Planck
Institute in Bremen and at the University of
Oldenburg. This is where one of the most powerful
mass spectrometers in Germany is located, capable
of determining the mass of thousands of molecules
simultaneously with extremely high precision.

Gomez-Saez hopes his results will help bring about a
better understanding of the effects of climate change
on ocean ecosystems. “The rise in temperature
predicted for the coming decades will impose new
conditions on all living creatures on the planet. The
Antarctic could be a very sensitive and valuable early
warning system for understanding global warming,”
says Gomez-Saez, who also researches another
effect of climate change in the ocean with his group,
one that chiefly affects the mid-latitudes: the enlargement of ocean zones lacking in oxygen. As with the
exchange of CO2 between ocean and atmosphere, the stratification of water masses also plays a role here, as it
can prevent water circulation and therefore ventilation.

Gonzalo Gomez-Saez examines the freshly collected samples on board the ship.

| © David Wright & Elizabeth Elliott

"The Antarctic could be a very sensitive and valuable early warning system for understanding global
warming."

Gonzalo Gomez-Saez



Gonzalo Gomez-Saez sampled water, ice and soil in the Antarctic - to protect the penguins, sometimes wearing a full-body
suit.
© David Velazquez

More precise measurements from the Southern Ocean

An Argo float is lowered into the water. | © Isa
Rosso, SOCCOM Project, Princeton University

New measurements indicate that the natural cycle of
the Southern Ocean probably releases more CO2
than previously assumed. As Haumann explains,
however, it is currently difficult to say how much CO2
actually comes from the ocean, and whether this is
influenced by climate change. These uncertainties
are bound up with the difficulties climate models

| currently have in correctly representing the system
in the Southern Ocean - partly owing to the dearth
of measurements from this region.

“The Antarctic region is unlike many other regions on
Earth, and many of the global models were
. developed with data from other regions,” says
,_};‘kﬁ Haumann. In a new project, for which - in
gl ﬁ ¢ collaboration with the Alfred Wegener Institute and

=l J LMU - he received a Starting Grant from the
European Research Council (ERC) and a Helmholtz Young Investigator Group, the climate scientist plans to
collect new insights to improve climate models in this region. One of the goals of the project is to better
understand the exchange between surface and deep water in the Southern Ocean and assess its effect on
changes in the global climate.

Collecting data for climate models



Argo floats move through the oceans with the current, sinking into the depths of the sea and rising again every
ten days. © Isa Rosso, SOCCOM Project, Princeton University

"Many people probably don’t realize that the Southern Ocean stores such vast amounts of
anthropogenic CO2 and heat."”

Alexander Haumann

A standard oceanographic device: the CTD rosette |
© Alexander Haumann

Much of his data comes from so-called Argo floats:
Some 3,500 of these automated floats currently drift
with the ocean currents, sink every ten days to a
depth of up to 2,000 meters, and then rise again to
the surface. During the entire time, they assiduously
measure temperature, salinity, and pressure. Further
sensors can also be fitted to measure things like the
pH value and nitrate concentration. “This data is very
helpful, as the floats even survive under the ice and
continue to record data there. When spring comes
around, it's always exciting to see if they come
back.”

A standard measuring instrument that is used in
oceanography frequently and for many decades is
the so called CTD rosette: a cylindrical metal frame,
- which the researchers fit with numerous sensors. In
addition, bottles are attached around the frame to collect water samples at various depths - high-tech messages
in a bottle, as it were. This way, the Alfred Wegener Institute collected important measurement time series in
the Southern Ocean for many decades. They are critical for Haumann and his team to better understand the
long-term climatic changes and the associated changes in the heat, carbon, and water cycle of this region.

Untouched solitude?

Completely alone, in the midst of supposedly untouched nature, is what Antarctica feels like. But despite this isolation,
nature there is also changing due to human influences.
© David Velazquez



The system tips

Current results from Haumann’s research concern the dramatic disappearance of sea ice, which reached record
levels in 2023. Unlike in the Arctic, almost the entire sea ice in the Antarctic forms every year, when the
uppermost layer of the ocean freezes in winter. Most of the ice is produced in the coastal regions of the Ross Sea
and the Weddell Sea, sometimes dubbed “ice factories of Antarctica”. Up until 2015, these areas of ice actually
expanded, to the surprise of many scientists. "The cause was presumably stronger winds, which carried the sea
ice further out from the ice factories. This created an open area of ocean that could then freeze again,” explains
Haumann. “But from 2015, the system suddenly tipped.” Within two years, some four million square kilometers
of ice disappeared - a trend that has continued to this day after a brief interlude of recovery.

Haumann. According to his results, several factors are converging. Firstly, there are natural decadal fluctuations
of salinity, which determines the stability of the water column stratification in the Southern Ocean. In the polar
regions, cold water lies on top of warmer water. They would actually mix, as cold water is denser than warmer
water and should sink. “"But that doesn’t happen because the water above is generally less salty than the water
below,” explains Haumann. If this distribution changes, the stratification can become unstable and more heat
can reach the surface, causing more ice to melt. Early satellite images from the 1970s show that the sea ice also
vanished back then, which the climate scientist attributes to this effect.

"The big question is whether this is a natural process or should be interpreted as a climate change
signal.”

Alexander Haumann

Today, however, the menace is coming from the deep: Compared to the 1970s, the deep waters bring
considerably more heat close to the surface. "We're seeing that the water at a depth of 150 meters has warmed
up a lot,” explains Haumann. “If the stratification now becomes more unstable due to a higher salinity - and that
is what is currently happening - then this warm water entrains into the surface layer more easily.” As part of the
global overturning circulation — a gigantic water conveyor belt that connects the Atlantic, Pacific, and Indian
Oceans with the Southern Ocean - water flows from the tropics and subtropics toward the South Pole. Scientists
expect that more and more heat will reach Antarctica in this way due to global warming.

© Isa Rosso, SOCCOM Project, Princeton University

Tipping points in the past as well

Oceanographers have been observing for years how glaciers, which of course extend deep into the water, are
melting from below. “But the sea ice at the surface was shielded for a long time by low salinities in the upper
100 meters,” notes Haumann. But now the consequences of warming are becoming visible here, too, and
Haumann thinks it is possible that a tipping point is being reached through a combination of global warming and
decadal fluctuations. If the sea ice cover remains smaller in the long term, there would be consequences for
numerous organisms that critically depend on this environment. Moreover, with less sea ice more heat could get
into the ocean, which would further impede ice formation and disrupt the ocean circulation - a vicious cycle.



as to whether the tipping point is natural or related to climate change, as such tipping points have probably also
occurred in the past - in connection with ice ages, for instance.

"The rise in temperature predicted for the coming decades will impose new conditions on all living
creatures on the planet."”

Gonzalo Gomez-Saez

Whether these effects can reverse again remains unclear. Ice and ocean mutually affect each other and there
are many feedback effects that are not yet well understood. What is certain is that the polar regions are
particularly susceptible to climate change. Through the study of ocean dynamics, water properties, and
biological processes, Haumann and Gomez-Saez are investigating different facets of this complex system and
contributing to our understanding of the changes that will shape the future of the planet. “People always think
it's so far away,” observes Haumann. “Of course, changes in the Southern Ocean don’t influence our weather of
tomorrow, but in the long term the influence on our local climate and the people in Europe is massive.”

Text: Monika Godde
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Gert Worheide elected to the Leibniz-Sozietat

20.06.2024

Marine geobiologist and palaeontologist Professor Gert Wérheide has been elected to the Leibniz-Sozietat der
Wissenschaften zu Berlin, one of the oldest scientific societies in the world. Wérheide holds the Chair of
Paleontology and Geobiology at the Department of Earth and Environmental Sciences at LMU and is the
spokesperson for its GeoBio-Center. He is also Director of the Bavarian State Collection of Paleontology and
Geology and the Munich Paleontological Museum. One focus of his research is on the biodiversity and evolution
of marine organisms, in particular sponges (Porifera). He investigates these using modern molecular biological
methods.

Professor Gert Worheide | © LMU

The Leibniz-Sozietat der Wissenschaften zu Berlin, to which Gert Worheide was elected in May, follows in the
tradition of the Churfirstliche Brandenburgische Societdt der Wissenschaften founded by Gottfried Wilhelm

Leibniz in 1700. Today, the Society works as an interdisciplinary association of scientists and aims to promote
the humane use of science. The aim is for the natural, technical, social and human sciences to work together

and for theory and practice to be combined. The non-partisan association currently has more than 300
members.
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Retreating glaciers: fungi enhance carbon storage in young Arctic soils

Melting Arctic glaciers are in rapid recession, and microscopic pioneers colonize the new
exposed landscapes. LMU researchers have revealed that yeasts play an important role in soil
formation in the Arctic.

03.07.2024

Roughly a tenth of the land surface of the Earth is covered by glacial ice. However, glaciers are retreating ever
further and ever faster as a consequence of global warming. As they do so, they expose new landscapes which
for millennia have been covered in ice, with extremely limited contact with air, light, and nutrients: conditions
that are very challenging for life to survive. After glacial ice melts and retreats, various microbial lifeforms
colonize the now accessible bedrock, accumulating nutrients and forming new soils and ecosystems. As soil can
be a significant carbon store under the right circumstances, how exactly new soils form after the melting of
glaciers is a question of great scientific and societal relevance.

- i ~

Svalbard’s climate is warming seven times faster than the rest of the world, causing its glaciers to rapidly retreat.
© James A. Bradley

The very first pioneers of the inhospitable terrain are microorganisms such as bacteria and fungi. “Microbes
determine how much carbon and nitrogen can be stored in the young soils,” explains Professor William Orsi from
the Department of Earth and Environmental Sciences at LMU. “But little is known about the exact processes
behind this nutrient stabilization through microbial activity.” To better understand them, Orsi and his team
studied soils in the Arctic that have recently been exposed. Their investigations were part of the dissertation of
Orsi’s doctoral student Juan Carlos Trejos-Espeleta and were carried out in close cooperation with Arctic
biogeochemist and CNRS researcher Dr. James Bradley from the Mediterranean Institute of Oceanography in
France. The study was funded by the German National Science Foundation (DFG), the Natural Environment
Research Council (NERC), and the National Science Foundation (NSF). The results of the study, in which other
researchers from the United States, the United Kingdom, and Switzerland were involved, have now been
published in the journal Proceedings of the National Academy of Sciences (PNAS).

"In the high Arctic, the melting of glaciers is particularly dramatic. Ice-free terrestrial environments
are expanding there at an extraordinarily fast rate.”

William Orsi
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Timeline of colonization

The object of their analyses was the glacier foreland of Midtre Lovénbreen, a retreating valley glacier in the
northwest of Spitsbergen. “In the high Arctic, the melting of glaciers is particularly dramatic,” says Orsi. “Ice-
free terrestrial environments are expanding there at an extraordinarily fast rate.” James Bradley, who first
worked at the site in 2013, said: “A decade ago I was drilling ice cores into the glacier. When we returned in
2021, the glacier had shrunk and instead of ice there were barren, seemingly lifeless soils”. But upon laboratory-
based analyses of these soils, the researchers found that they contain incredibly diverse communities of
microbes.

The newly exposed areas are ideal for researching incremental changes in the soil. The closer soil is to the
glacier margin, the younger it is; whereas the further away soil is, the more time life has had to colonize the
terrain. Immediately beyond the ice, there is a zone of glacial rocky debris where no visible plant life exists,
followed by moraines with isolated mosses and lichens, and after this only then do flowering plants and soil
begin to form in an advanced stage of development. As such, receding glacier edges are ideal natural
laboratories for observing the various stages of soil development. The ecosystems are some of the most pristine,
delicate, and vulnerable habitats on the planet, and they are rapidly colonised by specialised microbes, even
though they are subject to extremes in temperature, light, water and nutrient availability.

X

Dr. James Bradley collects soil samples from the Midtre Lovénbreen glacier forefield.
© James A. Bradley

Orsi’s team investigated the microbial composition of the various areas by means of DNA analysis while also
measuring the cycling and flow of carbon and nitrogen. Through experiments involving isotope labeled amino
acids, they were able to precisely follow the microbial assimilation and metabolism of organic carbon. “We were
especially interested in what proportion of carbon microorganisms lock in the soil as biomass and how much
they release back into the atmosphere as carbon dioxide,” says Juan Carlos Trejos-Espeleta.

Pioneer fungi sequester carbon in the soil

Their main focus was on fungi — a class of organism that is much better than bacteria at storing a lot of carbon
in the soil and keeping it there. The ratio of fungi to bacteria is an important indicator of carbon storage: More
fungi mean more carbon in the soil, while more bacteria generally lead to the soil emitting more CO2. “In high
Arctic ecosystems, the variety of fungi is particularly high compared to that of plants, which increases the
likelihood that fungal communities could play a key role there as ecosystem engineers,” reckons Orsi.
Discovering more about the carbon assimilation processes of fungal and bacterial populations and carbon flow
processes in the ecosystem is crucial for making accurate predictions about how terrestrial ecosystems in the
Arctic will respond to future warming.



"Our results demonstrate that fungi will play a critical role in future carbon storage in Arctic soils as
glaciers shrink further and more of Earth’s surface area is covered by soil."

William Orsi

And indeed, the researchers were able to show that fungi — or more precisely, specific basidiomycete yeasts -
play a decisive role in the early stabilization of the assimilated carbon. According to the study, they are the
fungal pioneers in the young postglacial soils and make a decisive contribution to the enrichment of organic
carbon. The research team found that these specialized fungi are not only able to colonise the harsh Arctic
landscapes before any other more complex life, but that they also provide a foothold for soil to develop by
building up a base of organic carbon which other life can use. In soils in medium and late stages, bacteria
increasingly dominate amino acid assimilation, leading to a significant reduction in the formation of biomass and
an increase in CO2 from respiration. “"Our results demonstrate that fungi will play a critical role in future carbon
storage in Arctic soils as glaciers shrink further and more of Earth’s surface area is covered by soil” summarizes
Orsi.
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Neue ,,Flora von Bayern“ — 50 Jahre Teamwork von Ehrenamt,
Wissenschaft und Naturschutz

17.10.2024

Botanische Staatssammlung Minchen

110 Jahre nachdem Franz Vollmann von der
Bayerischen Botanischen Gesellschaft mit
seiner ,Flora von Bayern 1914" die letzte
; 4 Ubersicht zur Pflanzenwelt Bayerns
veroffentlicht hat, erscheint nun eine neue,
umfassende ,Flora von Bayern®. Dem
I vierbédndigen Mammutwerk geht eine mehr
v als 50 Jahre andauernde intensive
i floristische Erfassung, Kartierung und
& Dokumentation der Pflanzenwelt in ganz
Bayern voraus. Mehr als 200 ehrenamtliche
Citizen Scientists haben an dem Projekt

e mitgearbeitet. Koordiniert wurde das Projekt
o an der Botanischen Staatssammlung
T Minchen.
j
i‘ E} Die neue Flora von Bayern enthélt die
:

gesamte botanische Artenubersicht sowie
den aktuellen Zustand der Pflanzenwelt
Bayerns von der Rhon bis ins Allgau. Dabei
blickten die Botaniker auch in die
Vergangenheit: Die Beobachtungsdaten
umfassen Pflanzenvorkommen aus Bayern
im Zeitraum der letzten 250 Jahre. In jahrelanger Arbeit wurden von der Botanischen Staatssammlung Miinchen
(SNSB-BSM), der Bayerischen Botanischen Gesellschaft, dem Landesamt flir Umwelt und der flr das Projekt
gegrundeten Arbeitsgemeinschaft Flora von Bayern auch Angaben aus alterer Literatur sowie alle bayerischen
Herbarien mit ihren zum Teil historischen Herbarbelegen ausgewertet. Gesammelt wurden insgesamt fast 16
Millionen Beobachtungsdaten - kuratiert und ausgewertet vom Landesamt fiir Umwelt sowie den Staatlichen
Naturwissenschaftlichen Sammlungen Bayerns (SNSB), insbesondere mit Unterstiitzung der Expertinnen und
Experten fur wissenschaftliche Daten am SNSB IT Zentrum. An der Initiative Flora von Bayern waren neben den
beteiligten Wissenschaftlerin-nen und Wissenschaftlern auch mehr als 200 ehrenamtliche Kartiererinnen und
Kartierer beteiligt — ein herausragendes Citizen Science Projekt fir die bayerische Botanik.

Uberblick iiber den Zustand der bayerischen Pflanzenwelt

Die Erfassung von Bayerns Flora iber einen so langen Zeitraum erméglicht einen genauen Uberblick zum
Zustand der Pflanzenwelt Bayerns: Welche Pflanzen sind gefahrdet und verschwinden? Welche Arten breiten sich
aus? Betrachtet wird dabei nicht nur das gesamte Landesgebiet, sondern auch einzelne Regierungsbezirke und
Naturrdume im Detail. Von den im Projekt insgesamt 5.886 nachgewiesenen Pflanzensippen sind 3.065
einheimisch. 1.955 Arten sind sogenannte Neophyten, Pflanzen, die nach der Entdeckung Amerikas 1492 in
Bayern eingewandert sind oder eingeschleppt wurden. Von diesen Neophyten sind 380 mittlerweile fest in
Bayern etabliert, sprich heimisch geworden, 208 mit Tendenz zur Einblirgerung, 1.367 kommen nur spontan



oder unbestandig verwildert vor. Von den 3.065 ein-heimischen Pflanzenarten sind 82 ausgestorben (2,5 %). 88
Pflanzenarten (2,7 %) sind endemisch fur Bayern, das heift, sie kommen weltweit nur dort vor.

Fast 6.000 bayerische Pflanzensippen in einem Buch

Das nun gedruckte Werk umfasst vier Bande mit insgesamt fast 3.000 Seiten. Unter den 5.886 Pflanzensippen,
die in Bayern nachgewiesen wurden, sind 4.778 Arten, 1.313 Unterarten, 109 Varietaten und 708 Hybride. Im
Buch finden sich tausende farbige Verbreitungskarten, Fotos sowie ausfiihrliche Artentexte, verfasst von lber 60
Autorinnen und Autoren. Flr Bayern besonders typische oder seltene Arten werden in ihrem naturlichen
Lebensraum gezeigt.

Die neue Flora von Bayern wird herausgegeben von der Bayerischen Botanischen Gesellschaft, den Autoren Prof.
Dr. Lenz Meierott, PD Dr. Andreas Fleischmann von der Botanischen Staatssammlung Minchen (SNSB-BSM),
Marcel Ruff vom Bayerischen Landesamt fiir Umwelt (LfU), Jirgen Klotz und - posthum - Dr. Wolfgang Lippert
(ehemals Kurator an der Bot-anischen Staatssammlung Minchen). Alle Beteiligten freuen sich, das Werk nun
endlich der Offentlichkeit prasentieren zu kénnen. Die festliche Buchvorstellung findet im Rahmen eines ,Tages
der Bayernflora"™ am Samstag den 26. Oktober 2024 im GroBen Horsaal der Botanischen Staatssammlung
Miinchen statt.

Publikation:
Meierott, L., Fleischmann, A., Klotz, J., Ruff, M., & Lippert, W. (2024): Flora von Bayern. — Haupt-Verlag, Bern,
2880 Seiten

Kontakt:

PD Dr. Andreas Fleischmann, Kurator fir Blitenpflanzen
SNSB - Botanische Staatssammlung Miinchen
Menzinger StraBe 67, 80638 Miinchen

Tel: 089 17861240, E-Mail: fleischmann@snsb.de

Foto: Das Brandknabenkraut Neotinea ustulata ist eine von insgesamt 72 Orchideenarten, die wild in Bayern
vorkommen. (Foto: Andreas Fleischmann, SNSB-BSM)
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Foto: Die Silberwurz Dryas octopetala ist eine typische Pflanze der bayerischen Alpen. Ihre Vor-kommen entlang
der Alpenflisse sind bereits stark zurtickgegangen, wie anhand der Verbrei-tungskarten in der Flora von Bayern
ersichtlich ist. Friher kam die Pflanze an der Isar bis Miinchen vor. (Foto: Andreas Fleischmann, SNSB-BSM)

Foto: Das Augsburger Steppengreiskraut Tephroseris integrifolium subsp. vindelicorum ist ein En-demit Bayerns.
Diese Pflanzenart kommt weltweit nur auf dem Lechfeld vor, nirgendwo sonst. (Foto: Andreas Fleischmann,
SNSB-BSM)
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Fossil killifish: new findings reveal unforeseen diversity

LMU paleontologists have investigated 15 million year old fossils and obtained new insights into
the species diversity and lifestyle of Kkillifish.

23.12.2024

Killifish, or egg-laying toothcarps, are known for their ecological adaptability and species diversity. Two families
of killifish exist in Europe today: the highly species-rich Aphaniidae and the relatively species-poor Valenciidae,
which has just three species. How these differences in species diversity originated is one of the questions that
the group of Professor Bettina Reichenbacher investigates. With an international team, the LMU paleontologists
have now demonstrated through their study of fossil killifish that the Valenciidae were once much richer in
species. Moreover, they have discovered possible causes for their disappearance.

The researchers analyzed fossil killifish from a new site in the Dinaric Alps in Bosnia and Herzegovina. In this
region, where fossil killifish were previously almost unknown, a freshwater lake existed for around 250,000
years during the Middle Miocene, roughly 14.8 million years ago. This lake offered an ideal habitat for the 3-4
cm large fish. In total, the research team managed to excavate the skeletons of 179 fish, 94 of which even had
preserved otoliths in their skulls. “It’s extremely rare to find skeletons with preserved otoliths; these fossils are
key discoveries,” says Reichenbacher.

Recovery of the fossils at the new site in Bosnia and Herzegovina.
| © Davit Vasilyan, Jurassica Museum, Porrentruy, Schweiz

Two new fossil genera

By studying the typical shape of otoliths, scientists can determine the species. Meanwhile, the skeletal features
allow them, for example, to reconstruct the family relationships of the fish. The researchers were able to assign
the new discoveries from Bosnia and Herzegovina to the family Valenciidae and identify two new fossil genera:



Miovalencia and Wilsonilebias, both of which were represented with two species. Three of these species were
previously unknown, while the fourth was already identified from earlier otolith finds but not recognized as
Valenciidae.

Fossil skeleton of Wilsonilebias langhianus, one of the newly discovered species.
© Andrea Herbert Mainero

To the surprise of the researchers, moreover, the skeleton of Wilsonilebias had a specialized structure supporting
the anal fin. This suggests that Wilsonilebias reproduced through internal fertilization, as today’s ‘live-bearing’
toothcarps do. “Yet this does not necessarily mean that Wilsonilebias gave birth to live young, as some fish
today lay eggs even after fertilization has occurred internally,” says Reichenbacher. “Nevertheless, our results
show that some Valenciidae used different reproduction methods in the past as compared to their current
descendants, which reproduce exclusively by means of external fertilization. It may even have been one of the
secrets of their success at that time.”

Four Kkillifish species in a single lake would seem to be quite a lot. Andrea Herbert Mainero, doctoral student and
lead author of the study, hypothesizes that the species divided up their habitat and thus their food sources. The
two Wilsonilebias species probably lived in deeper water, where they may have fed on plankton. The rounded
otoliths of Wilsonilebias support this conjecture, as many fish species that live in deeper water today are
characterized by rounded otoliths. By contrast, the two species of Miovalencia might have lived in shallow areas
near the shore, where they would have benefited from a rich array of algae and ground-dwelling
microorganisms.

Relics of a greater diversity

Furthermore, the discoveries demonstrate that there were 6 genera and 17 species of Valenciidae in the
Miocene, whereas just one genus with three species is extant today. Some 14.8 million years ago, at the end of
the so-called Middle Miocene Climatic Optimum, the climate was mainly warm and humid, such that there were
sufficient lakes, large and small, for killifish to develop. In the further course of the Miocene, the climate became
drier and many of these lakes disappeared. “"We conjecture that Valenciidae couldn’t adapt to this climatic
change, with a consequent decline in diversity,” says Herbert Mainero. “As such, the three species today are
relics of a once much greater diversity,” adds Reichenbacher. The new research findings offer valuable insights
into the historical development of Eurasian fauna and highlight the importance of protecting the three extant
Valencia species, of which one is endangered and the two others are threatened with extinction.

Andrea Herbert Mainero, Davit Vasilyan, Bettina Reichenbacher: Two new genera of killifish (Cyprinodontiformes)
from the Middle Miocene of the Bugojno Basin, Bosnia and Herzegovina: insights into the lost diversity of
Valenciidae. Journal of Systematic Palaeontology 2024
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