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Impaired cortical oxytocin signaling 
prevents mice from entering stable 
social cliques
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Oxytocin

• Enhances social recognition (e.g. face recognition)

• Promotes social bounding (trust)

• Enhances social memory

• Oxytocin impairments have been linked to psychiatric disorders
(e.g. autism)

Effects on behavior in naturalistic scenarios are poorly understood.
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Data acquisition: NoSeMaze  
- non-invasive sensor-rich maze
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Erskine, Andrew et al. “AutonoMouse: High throughput operant conditioning reveals

progressive impairment with graded olfactory bulb lesions.” PloS one vol. 14,3 e0211571. 

6 Mar. 2019, doi:10.1371/journal.pone.0211571.

Github Repo: autonomouse-control, schedule-generator

Mice from different 
cohort are reshuffled in 
other groups



Video data processing
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OXTRKO vs Controls: basic quantification
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Video data processing
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Rich clubs as a function of time

Interactions network over time 
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Plot generated with the help of TempNetViz: https://github.com/KelschLAB/TempNetViz
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Rich clubs as a function of time

Plot generated with the help of TempNetViz: https://github.com/KelschLAB/TempNetViz



Nodes with degree >= 3 (Rich club)
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Rich clubs as a function of time

Plot generated with the help of TempNetViz: https://github.com/KelschLAB/TempNetViz



Some members of the rich club are stable in time
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= part of RC in at least 
12 days
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Rich clubs as a function of time

Plot generated with the help of TempNetViz: https://github.com/KelschLAB/TempNetViz



Stable Rich Clubs (sRC) are common
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Nelias, C., Ghanayem, S., et al. (2025). Stable clique membership in mouse societies requires oxytocin-enabled social sensory states. bioRxiv. https://www.biorxiv.org/content/10.1101/2025.08.26.672298v1
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Properties of the sRC members
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Properties of the sRCs: 

Chance level assessed via a permutation test

sRC membership is an emergent property of specific group dynamic:

• Being part of the sRC in a group does not facilitate entry in another

• Littermates are not more likely to enter sRCs
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Stable Rich Clubs & OXTRKO

OXTRKO mice are
excluded from sRCs
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Chance level assessed via a permutation test

Nelias, C., Ghanayem, S., et al. (2025). Stable clique membership in mouse societies requires oxytocin-enabled social sensory states. bioRxiv. https://www.biorxiv.org/content/10.1101/2025.08.26.672298v1

https://www.biorxiv.org/content/10.1101/2025.08.26.672298v1


Sum-up:

• On a first glance, OXTRKO and control mice don‘t differ significantly

• We observe emerging stable rich clubs (sRCs)

• OXTKO mice are not able to enter stable rich clubs! Why?
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OXTRKO vs controls as a function of time

OXTRKO mice seem to fluctuate more. How to quantify this effect on the
scale of the network?
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OXTRKO vs controls: Edge fluctuations
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Nelias, C., Ghanayem, S., et al. (2025). Stable clique membership in mouse societies requires oxytocin-enabled social sensory states. bioRxiv. https://www.biorxiv.org/content/10.1101/2025.08.26.672298v1

OXTRKO vs controls: Edge fluctuations

https://www.biorxiv.org/content/10.1101/2025.08.26.672298v1
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Conclusion

Oxytocin enables social sensory states necessary for stable social interactions



Thank you for your attention!

Special thanks to:

Wolfgang Kelsch

Jonathan Reinwald

Sarah Ghanayem

David Wolf

Do you want to know more?

Nelias, C., Ghanayem, S., et al. (2025). Stable clique membership in mouse 
societies requires oxytocin-enabled social sensory states. bioRxiv.
https://www.biorxiv.org/content/10.1101/2025.08.26.672298v1
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“Richness” is indeed observed in the data!
How does the rich club changes as a function of time?
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How meaningful is the rich club?


