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Appropriate	study	systems
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Are there any potential biases toward certain trait types over others? 

E.g.
• behavior exhibits extreme evolutionary lability
• behavioral plasticity is widespread and varies across populations

Do behavioral traits undergo genetic accommodation more often than 
other traits?

How fast can initial, plasticity-mediated changes be accommodated 
into genetically canalized divergences? 

• field studies involve populations or species that have diverged by 
millions of years 

• studies of the very early stages of population differentiation are needed

The role of phenotypic plasticity in evolution



Appropriate	study	systems

1) Quantifiable Plastic Phenotype

2) Ancestral Phenotype that exhibits plasticity &    
Derived Population(s) w/ fixed phenotype

3) Ability to induce plasticity in a controlled setting



Onthophagus taurus

The role of ancestral plasticity in mediating 

• the early stages of rapid population differentiation
- in recently established exotic populations 

• across diverse trait types that exhibit canalized
divergences

What is the scope and speed of genetic 
accommodation?

by Barrett Klein



Moczek & Emlen 2000
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O. taurus introduced ∼ 50 years ago from 
the Meditarranean to US and Australia

• Population densities are much higher in 
WA than US 

Moczek 2003

US: 5-10 beetles per dung pad Australia: 800- 1,000 beetles per dung pad



Low densities/US High densities/WA

- Few individuals per dung pad

-Most females manage to breed, low 
competition for dung

-Low levels of male-male competition 
over females

- Hundreds of individuals per 
dung pad

- Not all females manage to 
breed (resource limitation)

- Intense male-male competition 
over females

Population densities are much higher in WA than US 



Moczek & Nijhout 2003; Beckers et al. 2015; Macagno et al. 2016
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Type of trait Trait US WA

Maternal 
behavioral

trait

Brood ball 
weight lighter heavier

Brood ball 
burial depth deeper shallower

Life history trait

Number of 
brood balls less more

Eclosion
success lower higher

Morphological 
trait

Mean body 
size larger smaller

Horn threshold at smaller 
size

at larger   
size

canalized divergences 
maintained in common 

garden

WA = high densities
US = low densities 



1 female
1 male

10 females
10 males

N = 20 N = 20
Diagram modified from Macagno et al. in review

Type of trait Trait US WA

Maternal 
behavioral

trait

Brood ball 
weight lighter heavier

Brood ball 
burial depth deeper shallower

Life history trait

Number of 
brood balls less more

Eclosion
success lower higher

Morphological 
trait

Mean body 
size larger smaller

Horn threshold at smaller 
size

at larger   
size

WA = high densities
US = low densities 



Type of trait Trait US WA Plasticity Direction

Maternal 
behavioral

Brood ball 
weight lighter heavier ✔ ️ opposite

Brood ball 
burial depth deeper shallower ✖ ️

Life history 
trait

Number of 
brood ball less more ✔ ️ same

Eclosion
success lower higher ✔ ️ opposite

Offspring 
morphological 

trait

Mean body 
size larger smaller ✔ ️ same

Horn 
threshold

At smaller 
body size

At larger 
body size ✖ ️

RESULTS

WA = high densities
US = low densities 
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Type of trait Trait US WA Plasticity Direction

Maternal 
behavioral

Brood ball 
weight lighter heavier ✔ ️ opposite

Brood ball 
burial depth deeper shallower ✖ ️

Life history 
trait

Number of 
brood ball less more ✔ ️ same

Eclosion
success lower higher ✔ ️ opposite

Offspring 
morphological 

trait

Mean body 
size larger smaller ✔ ️ same

Horn 
threshold

At smaller 
body size

At larger 
body size ✖ ️

Sofia Casasa

WA = high densities
US = low densities 

RESULTS
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Assimilation	of	Daphnia	Pigmentation	Response

Scoville & Pfender 2010

Lakes w/o fish

No UV          UV
No UV          UV

Dopa-decarboxylase

No UV          UV

ebony (melanin pathway)
Fishless Lake 1     .

Lake 2
w/ Fish Lake 3 

Lake 4

M
el

an
in

 (u
g/

m
m

) Genetic 
Assimilation
of gene
expression
plasticity

Novel 
Constitutive
gene 
expression
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Appropriate	study	systems

1) Quantifiable Plastic Phenotype

2) Ancestral Phenotype that exhibits plasticity &    
Derived Population(s) w/ fixed phenotype

3) Ability to induce plasticity in a controlled setting

4) Genomic Resources



Behavioral	Plasticity	Bees

Nurse           Guard           Forager

Nurse           Guard           ForagerAfrican Bees

Age Polyethism

Alaux et al PNAS 2009



Genetic Assimilation of Aggression 

Species           Phermone

AHB<EHB     old<young AHB>EHB     old>young

Increased expression with aggressionDecreased expression with aggression
Age Polyethism

Hormone Treatment

265      67        817 278        40       573        

Alaux et al 2009 PNAS

41



Appropriate	study	systems	(QTL)

Agria     Organ      Agria         Organ
pipe                          pipe 

Effect              p<0.01
Cactus              2066
Line                  1070
LineXCactus     667

ancestral

9 isogenic lines reveal 
intra-specific variation

Matzkin (2012) Mol Ecol 21



Appropriate	study	systems	(candidate	genes)	
networks)

Fundulus
toxin resistant populations
toxin sensitive populations

NWK/SH BP/Flax NBH/BI

[PCB]

CYP1A1

CYP1C1

CYP1B

UDPGT

Whitehead et al (2012) PRS

Dioxins/PCBs



Opposite direction of plasticity in gene expression 
and the evolution of adaptive gene expression



Parallel plastic and genomic influence on 
gene expression associated with Alternate Reproductive

tactics in 
sailfin Mollies.

Fraser etl al 2014 PRS



Reversed

J. marlieri 

Conventional

J. transcriptus

Sex-biased	Behaviors

Conventional
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Awata & Khoda 2004
Behaviour 141:1135-1149

J. ornatus exhibits both conventional and reversed
pairings in the field.



Experimental	Design
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Gene	Expression	Profile

regulated genes p<0.01

natural

experimental

Jt
cM
vs
Jm
F.
co
ef
f

Jt
cM
vs
Jm
M
.c
oe
ff

V
6

Jt
cM
vs
Jt
cF
.c
oe
ff

Jt
cM
vs
Jt
rF
.c
oe
ff

Jt
cM
vs
Jt
rM
.c
oe
ff

2099273539689259144911682
16012897390495218565714940653513074933133433332655499115131249077231736310984490101153573429352187051454559645307492614583503185736511469299010547269524981013269311867495404716535293182929873677991111212693787560271113114161122091108517920217310085294712496587209325513750650866868090659117424114129573709257765735704169456811738256117586112178229188970129361469993261293515880955575916740252229033748153441548318811215811134166131350514558153241714117162634715522165134565181511608985401552069121178253513080117801474097041373716496169525336921528817690169718692211748928890771058127226113759531391293537338628913698154783090393310809929737537941136211217610152254744974190148901708611144670413152147314336910305149539755518815979123063097112434409837167697750895648865306930154214358762730947125989868487266679851612363151341613723423765537590861131215885173513653955568133465761579661313961341250188896334025915149188574198835537132754621881673010124493216938099308020244832350854111295534751716136719057715231312488756618911109118867904147583802091021218680951611913754173221233914791389921121301511415390989171332479021310419382205106307572121923628710011242699507961115454047331090818368141924152992211012941672169735436529372533209545669812532675011019

J.marl J.marl J.tran J.tran J.trans J.trans

Jt
cM
vs
Jm
F.
co
ef
f

Jt
cM
vs
Jm
M
.c
oe
ff

V
6

Jt
cM
vs
Jt
cF
.c
oe
ff

Jt
cM
vs
Jt
rF
.c
oe
ff

Jt
cM
vs
Jt
rM
.c
oe
ff

2099273539689259144911682
16012897390495218565714940653513074933133433332655499115131249077231736310984490101153573429352187051454559645307492614583503185736511469299010547269524981013269311867495404716535293182929873677991111212693787560271113114161122091108517920217310085294712496587209325513750650866868090659117424114129573709257765735704169456811738256117586112178229188970129361469993261293515880955575916740252229033748153441548318811215811134166131350514558153241714117162634715522165134565181511608985401552069121178253513080117801474097041373716496169525336921528817690169718692211748928890771058127226113759531391293537338628913698154783090393310809929737537941136211217610152254744974190148901708611144670413152147314336910305149539755518815979123063097112434409837167697750895648865306930154214358762730947125989868487266679851612363151341613723423765537590861131215885173513653955568133465761579661313961341250188896334025915149188574198835537132754621881673010124493216938099308020244832350854111295534751716136719057715231312488756618911109118867904147583802091021218680951611913754173221233914791389921121301511415390989171332479021310419382205106307572121923628710011242699507961115454047331090818368141924152992211012941672169735436529372533209545669812532675011019



Cost	of	Plasticity
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Cost	of	Plasticity
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What	can	genomic	studies	tell	us	of	
Molecular	Mechanism?

What patterns of evolved gene expression plasticity 
underlie evolved phenotypic plasticity?

Do seemingly parallel cases of evolved plasticity rely 
on the same mechanisms?

Are different mechanisms used in specific types of 
evolved plasticity?

Are different types of genes predisposed different 
patterns of evolved plasticity?


