Neural Regulation of Social Hierarchy

I. What is Social Hierarchy?

A. Establishment of a Social Rank order that confers benefits to higher ranking individuals
1. Aggression (main factor) determines rank order
a. Dominant individuals are most aggressive
b. Subordinate status suppresses aggression
2.  Latency to Attack is more important than Number of Attacks in determining Social Rank
B. Social Hierarchy interactions or experiments can (be designed to) produce
1. Dominant-Subordinate Relationships
a. Territorial relationships
2. Multiple Animal Hierarchies
a.  male or female,  (fe)male,  (fe)male
C. Hierarchies are built on temporal frameworks

1. Immediate, but relatively short-lived interactions and rank relationships determine:
a. rank order

b. immediate adaptive value of rank

c. the framework for longer term rank fitness

d. may favor males in  role

2. Ultimate Rank order and outcomes are determined by adaptive fitness
a. successful survival of offspring

b. rank relationships of offspring

c. may favor females in the  role

3. Are Hierarchies Fixed or Plastic?

a. short-term rank relationships are relatively stable
b. time provides opportunity for a small percentage of variability (~10%) in Ultimate rank relationships

D. Social Hierarchy is evolutionarily conserved
1. Social Hierarchies occur in invertebrates and vertebrates

a. invertebrates: bees, ants, lobsters, crayfish, crickets, spiders, octopi, squid

b. vertebrates: ungulates (cervids: deer, elk) (bovids), rodents (mice, rats, hamsters), lizards, pika, hippos, pigs, elephants, canids (dogs, coyotes, wolves), fishes (wrasses, salmonids, stickleback, sharks, rays, weakly electric fish, electric fish), primates (tree shrews, rhesus monkeys, baboons, chimpanzees, gorillas, homo)
2. Are rank and the behavior that produces it Genetically predetermined?
a. Subordinate submissive behavior can be displayed in response to social dominant or simply because it is genetically determined behavior
i. Dvl1-/- mice are Subordinate against Dvl1+/+ in dyad
(1) Requires social pressure from dominant?
ii. but, Dvl1-/- mice Show no dominant behavior in the absence of dominant male
(1) No Whisker trimming in groups of all Dvl1-/- mice
(2) No demonstration of social pressure
(3) Suggests fixed social rank due to Dvl1-/-
(4) But…lack of whisker trimming does not demonstrate subordinate behavior either
 iii. Dvl1-/- have normal learning and social memory
(1) No difficulty recognizing individuals
b. Dominant behavior may also be proactive
i. Or in response to subordinate
II. Social Hierarchy is influenced by stress
A. Social Interaction is stressful
1. Social stress results from competition for resources
a. Territorial defense
2. Aggression is stressful

a. For Subordinate and Dominant

b. Stress inhibits aggression

3. Animals do not habituate to social stress
a. due to the dynamic nature of interaction
4. body weight etc

5. Conditioned Defeat

B. Physiological and Endocrine Responses to Social Status
1. Subordinate animals may include 2 populations

a. Stress Responsive subordinates

i. Responsive to Restraint stress

b. Non-Responsive subordinates

c. Dominant animals may also be made up of 2 responsive subtypes

2. Chronic Social Subordination causes: 

a. Elevated Glucocorticoid (B/F) levels
i. Elevated basal concentrations; which may cause:
ii. Decreased food intake

iii. Increased metabolic rate

iv. Decreased growth rates

v. Lower body mass

vi. Immune system suppression
b. Lower T levels

c. Increased Mortality
III. Neural Responses to Social Hierarchy

IV.  Neural Circuitry of Social Hierarchy?
V.  Ultimate Rank Order

A. Fitness

