


Social hierarchy is everywhere
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Who Is the Boss? The Science of Animal Hierarchies

Part 01: Hierarchical interactions: from the natural world to the laboratory setting Ccd
Part 02: Neural mechanisms of social hierarchy Lyg

Part 03: How social rank shapes physiology and healthSxb



Part 01: Hierarchical interactions: from the
natural world to the laboratory setting

A Look at Animal Social Ladders
Behavioral paradigm in laboratory



Part 01: Hierarchical interactions: from the
natural world to the laboratory setting

., A Look at Animal Social Ladders






What Is social hierarchies?
How did people find this phenomenon?
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Q Responsible for making decisions

O Not necessarily the strongest
member of the pack

Q The best in terms of managing
the pack.

Alpha (a)

O plays the role of scapegoat.

O Always have to submit to all
the other dominant wolves (a
and ).

O Protect the pack.

O Help the dominant wolves in
hunting.

b

/
m ‘;h Beta ()

O Help the alpha in decision-making or
other pack activities.

O The best candidate to be the alpha.

O Plays the role of an advisor to the
alpha and discipliner for the pack.

O Reinforces the alpha's commands
throughout the pack and gives
feedback to the alpha.
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O Responsible for watching the
boundaries of the territory
and warning the pack in case
of any danger.

O Protect and guarantee the
) : safety of the pack

/Wmmm¢w

Tibbetts et al., 2022, Philosophical Transactions of the Royal Society
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Zheng et al., 2025, Frontiers in Behavioral Neuroscience



Variable Structure of Bminance Hierarchies

linear hierachy

Ideal linear hierarchy
(perfect ranking)
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rank

Non-linear hierarchy
(example of a loop)

directional consistency

High directional consistency (stable)

Observed 100 interactions

Abeats B |

B beats A D 5

| 95

Low directional consistency (unstable)
Observed 100 interactions

A beats B | | 55

B beats A [ ] 45

transitivity

High transitivity
R
A B C

A>B, B>C

v

{ Therefore A is }

very likely to beat C.

Low transitivity (occurs under certain conditions)
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steepness

High steepness (despotic hierarchy)

Example: one individual has a huge advantage
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Strauss et al., 2022, Phil. Trans. R. Soc. B



Social Hierarchies in Nonhuman Printate Coalitionary and Political Hehaviors
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Social Hierarchies in Spotted Hyaerma Maternal Rank Inheritance
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Social Hierarchies in Rawen Social Knowledge
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Social Hierarchies in Astatotilapia Burtbru Fast Dominance Rank Shift
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Social Hierarchies in Clownftshi Queue Hierarchy
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Hierarchy vs Eusociality

Worker




Part 01: Hierarchical interactions: from the
natural world to the laboratory setting

Behavioral paradigm in laboratory



Tube Test

push
Initiation

push- back

retreat stillness resistance

Murlanova et al., 2022, Neuroscience & Biobehavioral Revie
Zhou et al., 2017, Science



Warm Spot Test

Warm spot =
Cold floor e \

Duration of stay in the warm spot

Murlanova et al., 2022, Neuroscience & Biobehavioral Revie

Zhou et al.,

2017, Science



Urine Scent Marking (USM) andesidentintruder Test (RI)

Murlanova et al., 2022, Neuroscience & Biobehavioral Revie



DominantSubmissive Relationship Test (DSR)
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; (a) -
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Significant difference in feeding time between paired animals

Murlanova et al., 2022, Neuroscience & Biobehavioral Revie
Moussaieff et al., 2012, Journal of Psychopharmacology



Taking Home Messages

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 (dominarséordination, all fertile, formed by competition) from
eusociality (reproductivéabor division, sterile castes, formed by developmental differentiation).

3. Five classic behavioral paradigms for rodent research: the Tube Test, Warm Spot Test, Urine Scent
Marking, Residenintruder Test, and Dominarubmissive Relationship Test.



Part02: Neural mechanisms of social hierarchy



Social status gates social attention
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Prefrontal cortex(PFCprocesse information related to social hierarchies

A

Occipital/Parietal Parahippocampus
Prefrontal

Ventral
Striatum ;

STABLE HIERARCHY
(experiment #1)

Occipital/Parietal Parahippocampus
Cotex  prefrontal Ventral

tvake

UNSTABLE HIERARCHY
(experiment #2)

Chiao, J. Y. et al. Group Processes & Intergroup Relations £212Q02008)
Allison, Tet al. Trends in Cognitive Sciende267%278 (2000)



Prefrontal cortex(PFCprocesse information related to social hierarchies

Dorsolateral PFC (DLPFC) Medial PFCn(PFCQ Ventrolateral PFC (VLPFC)
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A dhm 4

Dominant Submissive
A Topdown attentional A Signal prediction errors A Responds to faces and
A Control interpersonal judgments A Recognizing the intentions and body movements
A Social norm compliance motives
A Social moral judgment A Forming judgments

Zink, C. F. et al. Neuron 58, 2283 (2008)
Chiao, J. Y. et al. Group Processes & Intergroup Relations £2,1202008)



Modulation Category
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PFC represent social state
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PFC functions in soc@motional behaviors

Patients With Lesions in the
Dorsolateral Prefrontal Cortex (N=4)
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PFC functions in soc@motional behaviors
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Prefrontal cortex (PFC) is implicated in coding several cognitive features

Control of Social Hierarchy by Prefrontal Cortex



Tube test rank

2 KIG A& | 6AYYSNRE ONIAYy fA]SK

Dominant mice have larger synaptic strength than the subordinate ones
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% EPSC IAMPA

Causal role of PFC in determining dominance rank

A Bilateral viral B Pair recording of mPFC
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Causal role of PFC in determining dominance rank

Axon terminal

Ras, GluR4

Rap, RACt

Subordinate animal Dominant animal
(L)
e
SN ————
- Kﬂ + Glutamate
~ Vesice
Mini EPSC  mew || AMPA receptor
" (|G o | r” NMDA receptor

TRENDS in Neurosciences




Mental strengthplay an important role in the
determination of social dominance BRRBHEDT. .

How dose a winner behave in a competition?




Winner mice display more effortful behaviors
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dmPFC neurons activated in effortful behavioral —[
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Winner effect: winners or losers in previous competitions are more likely to keep winning or losing in future contes

stimulation trials




Roles oiheuroendocrine systenn winner-effect
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Victory's Engram: MD-AmPFCSynaptic Strength
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Winner effectis transferrable
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Synaptic strength in the MD-@mPFircuit underlies the winner effect
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Zhou, Tet al. Scienc8&57, 162,168 (2017)



Similar mechanisms also operate in zebrafish

(1) Displaying (2) Circling

=i | =
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Sexually dimorphic winner effect in mice
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Evolutionary advantages of the weaker winner effect in females
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Neural pathways of social dominance downstream of the mPFC
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Neural Representations of Social Rank in the mPFC
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