


Social hierarchy is everywhere



Who is the Boss? The Science of Animal Hierarchies
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Part 02: Neural mechanisms of social hierarchyττLyg
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What is social hierarchies?
How did people find this phenomenon?



Epistemology of dominance

Physiology and neurobiology of dominance

Hierarchical structure of dominance

Dynamics of dominance
alpha-omega model of manic-depressive disorder
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conducted in rodents

Grant et al.
1960s 

Thorleif Schjelderup-Ebbe
1922 

ΨIŀŎƪƭƛǎǘŜΩ

ΨǇŜŎƪƛƴƎ ƻǊŘŜǊΩ

Schjelderup-Ebbe et al., 1975, Social hierarchy and dominance
Murlanova et al., 2022, Neuroscience & Biobehavioral Reviews



Tibbetts et al., 2022, Philosophical Transactions of the Royal Society B

Zheng et al., 2025, Frontiers in Behavioral Neuroscience



linear hierachy transitivity

directional consistency

steepness

Variable Structure of Dominance Hierarchies 

Strauss et al., 2022, Phil. Trans. R. Soc. B



Social Hierarchies in Nonhuman PrimateττCoalitionary and Political Hehaviors

Sapolsky, 2005, Science
Samuni et al., 2021, Nature Communications
Silk et al., 2010, Behavioral Ecology and Sociobiology



Social Hierarchies in Spotted HyaenaττMaternal Rank Inheritance

McCormick et al., 2022, Frontiers in Ecology and Evolution
Frank, 1986, Animal Behaviour



Social Hierarchies in RavenττSocial Knowledge

Boucherie et al., 2022, Philosophical Transactions of the Royal Society B
Massen et al., 2014, Nature Communications



Social Hierarchies in Astatotilapia BurtoniττFast Dominance Rank Shift

Maruska & Fernald, 2018, ACS Chemical Neuroscience



Social Hierarchies in ClownfishττQueue Hierarchy

Paterson, 2003, Nature



Hierarchy vs Eusociality
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Tube Test

push 
initiation

stillnessretreat resistance

push- back

Murlanova et al., 2022, Neuroscience & Biobehavioral Reviews

Zhou et al., 2017, Science



Warm Spot Test

Duration of stay in the warm spot

Murlanova et al., 2022, Neuroscience & Biobehavioral Reviews

Zhou et al., 2017, Science



Urine Scent Marking (USM) and Resident-Intruder Test (RI)

Range of urine scent marking

Murlanova et al., 2022, Neuroscience & Biobehavioral Reviews

Latency to attack

winïloss 

relationship

frequency of 

offensive/defensive 

behaviors



Significant difference in feeding time between paired animals

Dominant-Submissive Relationship Test (DSR)

Murlanova et al., 2022, Neuroscience & Biobehavioral Reviews

Moussaieff et al., 2012, Journal of Psychopharmacology



1. Social hierarchy is a stable rank order established via repeated group interactions, featuring 
linear/nonlinear structure, high/low transitivity, and stable/unstable directional consistency.

2. It distinguishes social hierarchy (dominance-subordination, all fertile, formed by competition) from 
eusociality (reproductive-labor division, sterile castes, formed by developmental differentiation).

3. Five classic behavioral paradigms for rodent research: the Tube Test, Warm Spot Test, Urine Scent 
Marking, Resident-Intruder Test, and Dominant-Submissive Relationship Test. 

Taking Home Messages



Part02: Neural mechanisms of social hierarchy



Social status gates social attention

Shepherd, S. V. et al.Current Biology16, R119ςR120 (2006)

Allison, T. et al.Trends in Cognitive Sciences4, 267ς278 (2000)



Prefrontal cortex(PFC) processe information related to social hierarchies 

Allison, T. et al.Trends in Cognitive Sciences4, 267ς278 (2000)

Chiao, J. Y. et al. Group Processes & Intergroup Relations 11, 201ς214 (2008)



Prefrontal cortex(PFC) processe information related to social hierarchies 

Å Top-down attentional
Å Control interpersonal judgments 
Å Social norm compliance 
Å Social moral judgment

Dorsolateral PFC (DLPFC) Medial PFC (mPFC)

Å Signal prediction errors
Å Recognizing the intentions and 

motives
Å Forming judgments

Ventrolateral PFC (VLPFC)

Å Responds to faces and 
body movements

Zink, C. F. et al. Neuron 58, 273ς283 (2008)
Chiao, J. Y. et al. Group Processes & Intergroup Relations 11, 201ς214 (2008)



Social-State Dependent (SSD)

Dominant M1 Subordinate M2 M2: Subordinate Ҧ  Dominant 

PFC represent social state 

Mon-Mon Mon-Com Uncompetitive

Fujii, N. et al.Social Neuroscience4, 73ς84 (2009)

Hosokawa, T. et al.J. Neurosci. 32, 7662ς7671 (2012)



PFC represent social state 

Sallet, J. et al.Science334, 697ς700 (2011)



PFC functions in socialςemotional behaviors

* * ** * * *

Mah, L. et al.AJP161, 1247ς1255 (2004)
Rudebeck, P. H. et al.Science313, 1310ς1312 (2006)

Rudebeck, P. H. et al.EurJ of Neuroscience26, 2315ς2326 (2007)



Cholinergic input to the mPFCis important for attentional control of social interactions

PFC functions in socialςemotional behaviors

PrL: prelimbic area of the prefrontal cortex (PFC)

2̡- / -Υ ƳƛŎŜ ƭŀŎƪƛƴƎ ʲ 2-nAChRs (abnormal social behaviors)

C-Fos: marker of activated neurons

C-Fos

Avale, M. E. et al.The FASEB Journal25, 2145ς2155 (2011)



Prefrontal cortex (PFC) is implicated in coding several cognitive features

Control of Social Hierarchy by Prefrontal Cortex



²Ƙŀǘ ƛǎ ŀ ǿƛƴƴŜǊΩǎ ōǊŀƛƴ ƭƛƪŜΚ

Dominant mice have larger synaptic strength than the subordinate ones

Wang, F. et al.Science334, 693ς697 (2011)



Modulations of mPFCsynaptic efficacy caused bidirectional shift of hierarchical rank

Causal role of PFC in determining dominance rank

Wang, F. et al.Science334, 693ς697 (2011)



Causal role of PFC in determining dominance rank



Mental strength play an important role in the 
determination of social dominance

How dose a winner behave in a competition?



Winner mice display more effortful behaviors 

Effortful behaviors
Å Push initiation
Å Push-back
Å Resistance

Passive behaviors
Å Stillness
Å Retreat

Zhou, T. et al.Science357, 162ς168 (2017)



dmPFC neurons activated in effortful behavioral
Inhibition of dmPFCҦ losing Ҧ rank down
Activation of dmPFCҦ wining Ҧ rank up

Activation of the dmPFC is both necessary and sufficient to quickly induce winning in social competitions

Zhou, T. et al.Science357, 162ς168 (2017)



Winner effect: winners or losers in previous competitions are more likely to keep winning or losing in future contests

Zhou, T. et al.Science357, 162ς168 (2017)



Roles of neuroendocrine system in winner-effect

Winner

Naive

Li, C.-Y. et al.Proc. R. Soc. B.281, 20141532 (2014)

Fuxjager, M. J. et al.Endocrinology152, 3422ς3429 (2011)

Schwartzer, J. J. et al.Aggressive Behavior39, 290ς300 (2013)



Victory's Engram: MDT-dmPFCSynaptic Strength

[¢5 Ҧ eliminate sustained winning LTP Ҧ cause sustained winning

NMDAR Antagonist Ҧ block Synaptic plasticity

Zhou, T. et al.Science357, 162ς168 (2017)



Winner effect is transferrable

Zhou, T. et al.Science357, 162ς168 (2017)



Synaptic strength in the MDT-dmPFCcircuit underlies the winner effect

Zhou, T. et al.Science357, 162ς168 (2017)



Similar mechanisms also operate in zebrafish

Chou, M.-Y. et al.Science352, 87ς90 (2016)



άCǊŜǉǳŜƴǘƭȅΣ ƳƻƳŜƴǘŀǊȅ ŎƻǳǊŀƎŜ ƻǊ ƭǳŎƪ ƛǎ ŘŜŎƛǎƛǾŜ ƛƴ ŜǎǘŀōƭƛǎƘƛƴƎ ŘƻƳƛƴŀƴŎŜ ǊŜƭŀǘƛƻƴǎƘƛǇǎέ

τ-Schjelderup-Ebbe



Sexually dimorphic winner effect in mice

Zheng, D. et al. Neuron 113, 4217- 4231.e6 (2025)



Evolutionary advantages of the weaker winner effect in females

ÅReduce energy expenditure
ÅMinimize unnecessary conflicts
ÅMore flexible social status
ÅEnhancing reproductive success 
ÅPrevents a single victory from destabilizing 

group cohesion

Zheng, D. et al. Neuron 113, 4217- 4231.e6 (2025)



Neural pathways of social dominance downstream of the mPFC

Xin, Q. et al.Neuron113, 444-459.e7 (2025)

Yan, R. et al.Cell187, 6785-6803.e18 (2024)



Neural Representations of Social Rank in the mPFC

Padilla-Coreano, N. et al.Nature603, 667ς671 (2022)


