Qe FORH

MAX PLANCK INSTITUTE

Cerebellar and Cerebral Volumes Coevolve

Heinrich Heine
Universitat
Dusseldorf .

Neville Magielse’4, Roberto Toro®, Katja Heuer’->¢" & Sofie Valk'-*

UMAN COGNITIVE AND BRAIN SCIENCES

Introduction

2Institute of Neuroscience and Medicine (INM-7: Brain and Behaviour), Research Centre Jilich, Julich, Germany

JULICH

Forschungszentrum

HIBALL

HELMHOLTZ International BigBrain
Analytics & Learning Laboratory

Throughout Primate Evolution 9

"Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany

3 Institute of Systems Neuroscience, Heinrich Heine University Disseldorf, Disseldorf, Germany
“Neuroscience and Cognition, Utrecht University, Utrecht, The Netherlands
SInstitute Pasteur, Paris, France
6Université de Paris , Paris, France

rain.&
Behaviour

*Both authors contributed equally Correspondence: n.magielse@fz-juelich

Methods*

o The cerebellum is traditionally believed to be involved o Semi-automated masks were | RIS
iIn motor functions only.

o However, in more recent years, a cerebellar role in

higher cognitive fun

o Through reciprocal

ction has been implicated.

connections with higher-order

created with the Web tool threshold to
thresholdmann ’ — / increase frontal
(https://neuroanatomy.github.] 4 et
o/thresholdmann).

o Manual segmentations were

gy 1,2 .

assomatlon. areas of the cerebral cortex'<, the verformed collaboratively

cerebellum is thought to support motor and non-motor using the Web tool BrainBox

functions in an analogous manner. (https://brainbox.pasteur.fr)>, 2. Decrease #2

o Together, the cerebro-cerebellar system seems to which was also used to create Rk

explain primate brain size increases. 3D renders. The
o In this study, by using a large phylogenetic dataset* segmentations  aimed  to
(34 species, 65 specimens) we show that the provide the most accurate

cerebellum and cerebrum scale highly predictably.

o Our manual segmentation method is furthermore

applied to Crus I-ll, which we hypothesize becomes visualize cerebellar volumetric £
relatively larger in great apes including humans. evolution. '
o We also aim to assess the influence of intraspecific o Lastly, to assess evolutionary
variation through weighted phylogenetic regressions, correlation between cerebellar
and by repeating analyses with median, minimum, and and cerebral volumes we used

maximum trait values.

Phylogenetic Independent Contrast Correlations
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cerebellar (right) and Crus /Il
(not shown) segmentations.

o By employing ancestral state
estimation, we were able to

phylogenetic generalized least
squares (PGLS).

Results

Evolutionary Model Testing

strongly with cerebral volume and

»  Neocortical measurements Brownian Motion, Pagel’s lambda = 1 -1097.338

L, Ornstein-Uhlenbeck, single alpha -1089.255

Star Model, Pagel’s lambda =0 -1042.604

0% _ _ _ Early Burst -1006.528

. neCeSSItatlﬂg the aCCOUHtIng Ornstein-Uhlenbeck, diagonal alpha matrix -998.4919

3 for evolutionary relationships Ornstein-Uhlenbeck, full alpha matrix -712.3164
PCCA

Inspection of the data suggests

Fixed (A =1) 0.95888 79.34 5.22e-19 1 (13.34)
Non-fixed (A 0.96988 88.96 4.02e-21 0.924 (15.41)
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Discussion

o Our data show that the cerebellum scales highly o Although cerebellar and cerebral volumes strongly

concordantly with the cerebral cortex over primate

evolution.

o Data support Brownian Motion evolution, with trait
change being proportional to time since diversion.

o In Homonidea and Lemuriformes, visual inspection
of the data hints at increased relative cerebellar
volumes, which can be explored further by

calculating branch-s
o Rerunning the ana
other primates cou

pecific evolutionary rates®.
yses for these groups versus
d reveal trends of accelerated

evolutionary cerebe

lar growth.

coevolve, we hypothesize that Crus I/l have
specifically expanded within the cerebro-cerebellar
system® (see segmentation on the right).

o Indications of such modular evolution within the
cerebro-cerebellar system already exist’. However, B
in our study we incorporate ancestral relationships, &
as to account for statistical non-independence of ;
our data points.

o In the future, more fine-grained (MRI or histological)
comparative analyses should be undertaken in a
connectivity-driven manner to deepen
understanding of primate neuroevolutionary
trajectories and their meaning.
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