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Modified from Groffman et al. 2005,  Front. Ecol. Envir.

U R B A N

N A T U R A L

D O  P O P U L A T I O N S  T H A T  
C O L O N I Z E
H U M A N - M O D I F I E D  
E N V I R O N M E N T S  F I N D  
S I M I L A R  E V O L U T I O N A R Y  
P A T H S  T O  A D A P T A T I O N ?

Gould Revisited:



7

Urbanization: 

Global

Environmental

Homogenization

F O R E S T U R B A N



UrbanSuburbanExurban

A
m

bi
en

t T
em

pe
ra

tu
re

Modified from Oke 1978, Atmos. Environ.

Urban Heat Island

Effect

I M P E R V I O U S  S U R F A C E S  
I N  D E N S E  U R B A N  A R E A S  
C R E A T E  L O C A L L Y  
E L E V A T E D  
T E M P E R A T U R E S



9

Provides a framework for 
testing the repeatability 

of urban adaptation

P A R A L L E L I S M  

Genetic 
structure 

across 
municipalities
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Lizards in urban 
environments endure 
higher temperatures than 
their forest counterparts 
throughout the day

M A J O R  F I N D I N G S

Divergence 
thermal profiles 
across habitats
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C I T Y  C O L O N I Z A T I O N S

Temperature - 
dependent 
functional 
divergence 
between habitats
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Parallel signatures 
of selection at a 
single locus
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• Human-built environments can present extreme 
selection pressures that require rapid adaptation 
of complex traits in wildlife


• Even with complex traits, these evolutionary 
changes can be highly repeatable (i.e. 
predictable)

Take Home Points:
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Campbell-Staton et al. 2021, Science
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Tusklessness in the African elephant

Tusked (male) Tuskless (female)

Left LeftRight Right

A B

A low frequency (2-10%) female-specific trait

Campbell-Staton et al. 2021, Science
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Evidence for tusk 
loss as an X-linked 
dominant trait 
with male lethality

C A M P B E L L - S T A T O N  E T  A L ,  I N  R E V I S I O N
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Prediction 1: Two- tusked mothers 
have exclusively two-tusked 
daughters 
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Evidence for tusk 
loss as an X-linked 
dominant trait 
with male lethality

Prediction 2: Tuskless mothers 
show a significant female offspring 
bias (66.67%)

Campbell-Staton et al. 2021, Science
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Blood samples taken 
from sedated female 
elephants in Gorongosa 
National Park, 
Mozambique

M E T H O D S

Genetic 
sampling of 
African 
elephants



0.5

0.55

0.6

0.65

0.7

*

0.0

0.2

0.4

0.6

0.8

1.0

Pr
op

or
tio

n 
of

 fe
m

al
e 

of
fs

pr
in

g

Pr
op

or
tio

n 
of

 fe
m

al
e 

of
fs

pr
in

g

Maternal Phenotype

Female Offspring Phenotype Maternal Phenotype

a b
2 0

dc
Dxy

Fst LD

Heterozygosity

18502

8602
22731

1671

33674652 1903
305

415513072
97 157

4

X: 8
X   tooth: 5U

S I N G L E  L O C U S  M O D E L  
E X P L A I N S  8 7 . 1 5 %  O F  
A L L  T U S K  
I N H E R I T A N C E  
P A T T E R N S  I N  
G O R O N G O S A 


F E M A L E  S E X - B I A S  
A M O N G  O F F S P R I N G  
M E E T  9 8 . 9 %  O F  M O D E L  
E X P E C T A T I O N S   


R E S U L T S  C O N S I S T E N T  
W I T H  S I N G L E  S E X -
L I N K E D  L O C U S  O F  
L A R G E  E F F E C T  W I T H  
O N E  O R  M O R E  
M O D I F I E R  L O C I  O F  
S M A L L E R  E F F E C T

Campbell-Staton et al. 2021, Science



0 20 40 60 80 100 120

0 20 40 60 80 100 120

0 20 40 60 80 100 120

Fs
t

D
el

ta
 p

i
m

uL
D

0
5

10
15
20
25

-0.01

-0.005

0

0.005

0.30
0.25
0.20
0.15
0.10
0.05

0

Chromosome 1 (Sca!old 0) Position (Mb)

G E N O M E - W I D E  S C A N S  I D E N T I F Y  S E C O N D  C A N D I D A T E  L O C U S  F O R  
T U S K L E S S N E S S  I N  G O R O N G O S A

MEP1A

Campbell-Staton et al. 2021, Science



a

b

c

d

e

AMELX

MEP1A

Campbell-Staton et al. 2021, 

Science

a) Enamel


b) Cementum


c) Dentin (Ivory)


d) Periodontium


e) Root

Known Functional Effects of 
Candidate Loci on 
Mammalian Tooth 

Development



2 9

Candidate locus is 
associated with 
ameliogenesis 
imperfecta in 
humans
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Candidate locus is 
associated with 
ameliogenesis 
imperfecta in 
humans
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Behavioral and 
Ecological 
Consequences of 
Selection Against 
Key Innovation in 
Keystone Species

D O W N S T R E A M  I M P A C T S  O F  
H U M A N - M E D I A T E D  
S E L E C T I O N  O N  E C O S Y S T E M  
H E A L T H

Dietary shifts associated 
with tusk morphology 

Tuskless individuals 
consume less woody 
vegetation and

more grasses

Data: Pringle Lab, Princeton University
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• Human action can have rapid evolutionary 
impacts on long-lived species, via demographic 
and adaptive evolutionary change


• Selection targeting one or a few genes in a 
single species may have cascading impacts for 
broader regional biodiversity that impact 
ecosystem quality 

Take Home Points:



R A D I A T I O N - I N D U C E D  S E L E C T I O N 

I M P L I C A T I O N S  F O R  E V O L U T I O N A R Y  M E D I C I N E
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D R .  A U G U S T  K R O G H  ( 1 8 7 4  -  1 9 4 9 )

Krogh’s Principle
"for some large number of [medical] 

problems there will be some animal of 
choice, or a few such animals, on which 

it can be most conveniently studied." 

Principles of 
Evolutionary 
Medicine



Estimated number of new global cancer cases 

19.3 Million

20202040 = 1 Million

World Health Organization 
International Agency for Research on Cancer



2040

Estimated number of new global cancer cases 

19.3 Million20 Million21 Million22 Million23 Million24 Million25 Million26 Million27 Million28 Million29 Million30 Million30.2 Million

= 1 Million

World Health Organization 
International Agency for Research on Cancer
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• Wildlife exposed to anthropogenic pressures are 
sentinels for environmental quality and potential 
physiological threats


• Adaptive response to anthropogenic stressors 
may reveal biological solutions for human health 
in a modern world

Take Home Points:



Evolution Anthropogenic

Change

R E V E A L S  T H E  L A S T I N G 

B I O L O G I C A L  I M P A C T S  O F

P R O V I D E S  U N I Q U E 

I N S I G H T S  A B O U T  T H E  


P R O C E S S  O F  
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Evolution in the Anthropocene
M A J O R  T A K E A W A Y S

A powerful tool for 
understanding 
adaptive innovation of 
complex traits and the 
repeatability of 
evolution 

Unique insights into 
the ecological 
consequences of 
human-driven 
evolution

Means for identifying 
candidate genes 
associated with 
human disease states



Coming in 2023…





Evolution in the Anthropocene

Urbanization

Border

Politics

Nuclear Disaster Pollution

Human-Wildlife

Conflict

Climate

Adaptation

Extreme Weather 
Events
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