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Conflict and Aggression
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• Animals (like humans) have conflicts all the time.
• These need not involve physical aggression.
• What are the rules?

Conflict and Aggression
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Game Theory: 
Model = Rules of Animal Conflict

• Optimality models usually consider animal’s fit to 
the environment independent of other animals.

• Game theory predicts fitness optimization based 
on other individuals.

• The initial motivation was to explain why animals 
did not fight to the death.



Prisoner’s 
Dilemma

W.D. Hamilton
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Robert Axelrod

http://bio150.chass.utoronto.ca/pdgame/index.html

Cooperate

Defect

Cooperate Defect

You both keep quiet
You both get -2 years

You keep quiet
Partner gives you up
You get -10 years

You both give up the 
other. And both get
Charged major crime
You both get -8 years

You defect 
give up your partner

Your partner is quiet
You get out free 0

-2 years for the minor crime
-8 years for the major crime

T>R>P>S 
(T+S)/2<R

Reward Sucker

Temptation Punishment
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Game Theory: Building the Model
• Step 1: Specify tactics.
• Step 2: Specify payoffs.
• Step 3: Find the evolutionary stable strategy

(i.e. explain what we see)
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The Hawk-Dove Model
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Step 1: Specify alternative strategies/tactics
• Animals are phenotypically indistinguishable, but 

behave in a conflict in one of two ways (tactics).

• Hawk: Always escalates and flees only if injured. 

• Dove: Display until an opponent gives up, flee if the 
opponent escalates.
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Step 2: Specify the payoffs
Hawk

Dove

Hawk (p) Dove (1-p)

(V-C)/2                V

0                        V/2

p((V-C)/2) + (1-p)V = p(0 )+ (1-p)V/2

p  = V/C 

If V>C Hawk is an ESS but not Dove 
If V<C neither pure hawk or pure dove is ESS
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p((V-C)/2) + (1-p)V = p(0 )+ (1-p)V/2

p  = V/C 
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How are animals more complex than this model?
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Step 2: Specify the payoffs
Hawk

Dove

Hawk (p) Dove (1-p)

(V-C)/2                V

0                        V/2 - toll

p((V-C)/2) + (1-p)V = p(0 )+ (1-p)V/2

p  = V/C 

If V>C Hawk is an ESS but not Dove
If V<C neither pure hawk or pure dove is ESS Add costs
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Step 2: Specify the payoffs
Hawk

Dove

Hawk (p) Dove (1-p)

V/2-C V

0                        V/2

p((V-C)/2) + (1-p)V = p(0 )+ (1-p)V/2

p  = V/C 

If V>C Hawk is an ESS but not Dove
If V<C neither pure hawk or pure dove is ESS

Not all Ind. =
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Step 2: Specify the payoffs
Hawk

Dove

Hawk (p) Dove (1-p)

V/2-C V

0                        V/2

p((V-C)/2) + (1-p)V = p(0 )+ (1-p)V/2

p  = V/C 

If V>C Hawk is an ESS but not Dove
If V<C neither pure hawk or pure dove is ESS

Additional tactics
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Red birds are more aggressive 
(high testosterone)

Red birds have priority access to nest cavities
(a zero-sum game)

Red birds have fewer surviving offspring with red neighbors
(reduced parental effort)

Birds mate assortatively
(genetic incompatibility)

Hanna Kokko
University of Zurich

Kokko et al 2014 Proc. R. Soc. B 281: 20141794

Hawk

Dove

Hawk (p)  Dove (1-p)
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Hanna Kokko
University of Zurich

Kokko et al 2014 Proc. R. Soc. B 281: 20141794

Ecological model



Exocrine (allocrine) – released/transferred
SPECIFIC RECEPTORS RATHER THAN 
GENERAL SENSORY SYSTEM 
INTEGRATION WHICH IS BEST 
CONSIDERED COMMUNICATION

Autocrine

Paracrine

Endocrine
Circulatory system



Control  GX        GX +T        control     GX      GX + T

Adult  GX                                 GX

E          E            E                E            E          E

F        F             NO           No           F          no F
typi typ F-typ typical

T         T            T                 T            T            T
No      no        M-typ M-typ no M    M-typ

Actually different animals
For E and T adult injections

Testosterone        Estrogen



Don’t write here

(A) Territorial singing in zebra finches 
drops after castration, is restored by 
implanting testosterone propionate 
(TP), and then drops again if the 
testosterone implant is removed. 

(B) Similarly in frogs, spontaneous 
calling is absent in castrated males, 
compared to normal males, and 
testosterone implants raising levels 
above normal average results in high 
levels of calling. The effects are 
present whether or not frogs had 
previously been exposed to conspecific 
calls (Chorus) or to control random 
tones (Tones).

How do we know that T is important? 



• T has important effects of two 
neuromodulators, serotonin and 
AVP/AVT.

• Infusing AVP into the anterior  
hypothalamus > aggression in 
hamsters only if T is present

• Serotonin reduces aggression.
• There are differences among 

species especially vert. versus 
inverts., e.g. serotonin > aggression 
in crabs





KT - high
KT - low
CA - high
CA - low



0.67

0.33

B
eg

in
 e

t a
l 1

99
6

CA KT



Don’t write here



How can an animal avoid the 
costs of Testosterone?



How can an animal avoid the 
costs of Testosterone?

Resistance Hypothesis  (just deal with it, or bind it and sequester it)
Social Modulation Hypothesis (make it when you need it)
Testosterone Insensitivity Hypothesis   (most tissues have low receptor #)
Testosterone hypersensitivity Hypothesis  (make tissues extra sensitive)
Circulating precursors     (inactive until taken into cells)
Neurosteroid hypothesis (made in the brain)
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New patterns emerge when hormone 
data are organized according to 
individual breeding cycle



B19

Don’t write here

colony

Lots of 
nests

limited
nests

limited
nests

Lots of 
Nests &

territorial2

1

2

1

1

2-peaks for song sparrow 
1-establishing territory
2- egg laying 1-peak European black bird

only with egg laying
(plenty of open cup nests)2-peaks for European Starling

1-1st brood
2- 2nd brood

1-peaks for Western Gull
long lived pairs in colony
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Polygamous

Alt. Repr. tactic

Brood Parasite

In Red-winged blackbirds, a polygynous or 
promiscuous species, males  maintain high levels 
throughout competitive breeding season,

In some species, such as pied flycatcher, males show 
either polygynous or monogamous tactics and 
hormone levels differ such that monogoamous males 
show a shorter peak.

Brown cowbird males spend the season guarding 
females and competing with males. The females 
dump eggs in another “host” species nest.

Red winged black bird

Pied fly catcher

Cow Bird



N.pulcher

Cichlid fish Neolamprologus Pulcher

Desjardins, J.K., Hazelden, M.R., Van der Kraak, G.J., Balshine, S. 
(2006) Male and female cooperatively breeding fish provide support 
for the “Challenge Hypothesis”. Behavioral Ecology 17:149
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Physiology & Behavior 95 (2008) 457–463



chimp

Males fight over 
these females only

Pan troglodytes 

Muller, M.N., Wrangham, R.W., 2004. Dominance, aggression and testosterone in wild chimpanzees: a test of the challenge 
hypothesis. Anim. Behav. 67, 113-123.

Males mate 
with all 
females 
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Sceloporus jarrovi

Sceloporus jarrovi

Moore, M.C., 1986. Circulating steroid hormones during rapid 
aggressive responses of territorial male mountain spiny lizards, 
Sceloporus jarrovi. Horm. Behav. 21, 511ﾐ521.
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lemur

Lemur catta

Cavigelli, S.A., Pereira, M.E. (2000) Mating Season Aggression and Fecal Testosterone Levels in Male Ring-Tailed Lemurs. 
Hormones and Behavior 37:246-255.
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lemur

Cavigelli, S.A., Pereira, M.E. (2000) Mating Season Aggression and Fecal Testosterone Levels in Male Ring-Tailed Lemurs. 
Hormones and Behavior 37:246-255.
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T. Moori

L. Callipterus

P. Curvifrons

O. mossambicusHirschienhauser, K., Taborsky, M., Oliveira, T., Canario, V.M., 
Oliveira, R.F. (2004) A test of the “challenge hypothesis” in 
cichlid fish: simulated partner and territory intruder experiments. 
Animal Behaviour 68:741-750.
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Workers         workers Queens Take over

stable

Tibbetts, E.A. and Huang, Z.Y. (2010) The Challenge Hypothesis in an Insect: Juvenile Hormone
Increases during Reproductive Conflict following Queen Loss in Polistes Wasps. Amer. Natural.
176: 123-130.



Salvador et al (1999) Correlating testosterone and fighting in 
male participants in judo contests
Physiology & Behavior 68:205–209
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Baired et al (2014) Heightened aggression and winning contests increase corticosterone but 
decrease testosterone in male Australian water dragons. Hormones and Behavior 66:393
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Rui F. Oliveira, Luis A. Carneiro and Adelino V. M. Canário
(2005) Behavioural endocrinology: No hormonal response in tied fights
Nature 437:207-208.
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