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Platynereis dumerilii – A molecularly accessible worm model with a circalunar clock
The polychaete P. dumerilii lives on the seafloor in shallow coastal habitats. For reproduction, males and females go through a metamorphosis and swim
into the open water where they simultaneously release their gametes in a “mating dance”. Metamorphosis & mating are precisely timed to the lunar
cycle and are controlled by a circalunar clock. The worm’s circadian behavior and its reproductive rhythm provide excellent chronobiological outreads.

Various molecular techniques are established for P. dumerilii, including staining protocols (in situ hybridization, antibodies, HCR),
transcriptomics/proteomics, cell culture assays, and targeted mutagenesis (TALENs, CRISPR). To date, >10 mutant worm strains have been established
and are kept in culture.

Combining molecular work with behavioral monitoring and natural light measurements, we investigate how the worms perceive and distinguish sun- &
moonlight, what molecular mechanisms translate environmental information into circadian & circalunar rhythms, and the basis of individual rhythmic
variability among worms (“personalities”) as well as its ecological relevance.

Research Focus & Approach
Environmental cycles and biological rhythms in the oceans are just as common as on land, and even more complex, due to the
interacting forces of sun & moon, and because of the habitats vertical structure. The Marine Chronobiology group aims to
decipher the environmental drivers and functioning of marine rhythms and clock systems, to provide a mechanistic
understanding of how marine timing systems determine individual fitness, species interactions, and ecosystem functioning.

We therefore combine field observations & samplings with laboratory experiments on behavior & physiology, as well as
cutting-edge molecular & genetic techniques, to generate an integrative picture of marine timekeeping. Overview of environmental cycles & period lengths in marine habitats.

Häfker et al. (2023), Annu Rev Mar Sci
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Zurl et al. 
(2022), PNAS

Poehn et al.         
(2022), Nat Commun

Reproductive timing requires L-cryptochrome. Mutants that lack this light receptor &
clock component do not respond to moonlight, but stay rhythmic under sunlight.

L-cry is needed to entrain worms to the lunar moonlight cycle. The light receptor
measures intensity, duration, and phase of a light source.

genes with 24h-cycling 
in rhythmic worms

genes with 24h-cycling 
in arrhythmic worms

Häfker et al. (2023), bioRxiv

Individual worms strongly differ in their diel activity rhythms. Gene expression profiles reveal complex and multi-layered
patterns of organismic rhythmicity, with behaviorally arrhythmic worms showing stronger metabolic rhythms. This highlights the
importance of integrative chronobiological approaches that address different levels of biological organization simultaneously.

Calanus finmarchicus – A zooplankton key species performing diel & seasonal vertical migrations
The copepod C. finmarchicus has a key position in the
northern Atlantic pelagic food web as it feeds on phyto-
plankton and is a crucial food source for fish & whales.

Like countless other pelagic species, the copepod
performs diel vertical migration (DVM), thereby shaping
its own environmental cycles. We investigate functional
adaptations of the copepod’s circadian clock to the
unique pelagic environmental cycles.

C. finmarchicus overwinters in deep waters relying on
large lipid reserves. We explore the triggers of this
seasonal migration and the role of clock mechanisms in
day length measurement & seasonal entrainment.

DVM strongly affects the diel light cycle experience by zooplankton. While intensity
change are minimized, the spectral composition changes drastically over the diel
cycle. Light is often the main cue for clock entrainment, and the circadian clock
regulates DVM behavior. How can the timing systems of pelagic species function
under these unique “self-made” environmental cycles?

Interplay of copepod DVM behavior, environmental conditions
and circadian clock. We investigate which environmental cues
are central for clock functioning in the pelagic habitat, where in
the copepod body the clock is localized, and how the clock
functionally regulates diel rhythmic outputs like DVM, metabolic
activity, and gene expression.
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