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G
e n e s  a r e  oft e n  t h o u g ht  t o  
s ol el y  di ct at e  a n  o r g a n -
i s m’ s  f e at u r e s.  Y et,  n at u-
r ali st s  h a v e  l o n g  r e ali z e d  

t h at a n o r g a ni s m’ s e n vi r o n m e nt c a n 
p r of o u n dl y s h a p e it s att ri b ut e s. T a k e 
t h r e e e x a m pl e s. Fi r st, o n a ri v e r si d e 
b e a c h, a f e m al e r e d- e ar e d sli d er t urtl e 
d e p o sit s h er e g g s i n a s h a d y, c o ol l o c a -
ti o n. N e ar b y, a n ot h er f e m al e l a y s h er 
e g g s i n a s u n n y, w ar m s p ot. W h e n t h e 
e g g s h at c h, t h e t u rtl e s f r o m t h e c o ol 
n e st  a r e  m al e s,  w h e r e a s  t h o s e  f r o m 
t h e  w a r m  n e st  a r e  f e m al e s.  S e c o n d, 
i n  a  d e s e rt  p o ol,  a  f a mil y  of  M e xi-
c a n  s p a d ef o ot  t o a d  t a d p ol e s  g r a z e s 
o n pl a n kt o n a n d al g a e. O n e of t h e m 
e n c o u nt e r s a s c h o ol of f ai r y s h ri m p 
a n d e at s s o m e. Wit hi n d a y s, t hi s i n -
di vi d u al i s t r a n sf o r m e d f r o m a g r e -
g ari o u s, sl o w- m o vi n g o m ni v or e wit h 
a n arr o w h e a d (li k e it s si bli n g s) i nt o a 
s olit ar y, r a pi dl y s wi m mi n g c ar ni v or e 
wit h a br o a d h e a d. Fi n all y, i n a n o p e n 
fi el d, a wil d r a di s h pl a nt i s att a c k e d b y 
c a b b a g e w hit e b utt e rfl y c at e r pill a r s. 
Wit hi n h o u r s, t h e pl a nt d r a m ati c all y 
i n c r e a s e s  t h e  p r o d u cti o n  of  d ef e n s e 
c h e mi c al s i n it s l e a v e s, w hi c h d et e r s 
f urt h er att a c k s b y c at er pill ar s. I n e a c h 
of t h e s e t hr e e e x a m pl e s, a n or g a ni s m’ s 
 e n vir o n m e nt – – s p e cifi c all y, t h e t e m p er -
at u r e it e x p e ri e n c e s, t h e f o o d it e at s, 
a n d t h e pr e d at or s it e n c o u nt er s – – alt er s 
it s f e at ur e s; t h at i s, it s p he n ot y pe .

I n ot h er w or d s, e a c h i s a n e x a m pl e 
of p he n ot y pi c pl asti cit y , or si m pl y pl as -
ti cit y. S u c h d e v el o p m e nt al fl e xi bilit y 
h a s attr a ct e d c o n si d er a bl e att e nti o n i n 

r e c e nt y e ar s b e c a u s e it ill u str at e s h o w 
e n vi r o n m e nt al  c o n diti o n s  c a n  i nfl u -
e n c e a n or g a ni s m’ s f e at ur e s, s o m eti m e s 
dr a m ati c all y s o. I n d e e d, n e w r e s e ar c h 
h a s r e v e al e d t h at n e arl y all or g a ni s m al 
f e at ur e s e m er g e fr o m t h e i nt er pl a y of 
g e n e s a n d e n vir o n m e nt al f a ct or s; t h at, 
u n d er c ert ai n cir c u m st a n c e s, s o m e e n -
vi r o n m e nt all y m o difi e d t r ait s c a n b e 
p a s s e d o n t o off s pri n g; a n d t h at p h e n o -
t y pi c pl a sti cit y mi g ht j u m p- st a rt a n d 
alt er t h e c o ur s e of e v ol uti o n f or a gi v e n 

s p e ci e s. I n s o m e c a s e s, pl a sti cit y mi g ht 
h a v e l eft a n i n d eli bl e i m p ri nt o n t h e 
hi st or y of lif e.

A s it t ur n s o ut, e x pl ai ni n g w h y t h e 
m e m b e r s of a si n gl e s p e ci e s t y pi c al -
l y v a r y i n t h ei r t r ait s i s a n e n d u ri n g 
p r o bl e m i n bi ol o g y. F o r i n st a n c e, t h e 
fir st t w o c h a pt er s of C h arl e s D ar wi n’ s 
O n  t h e  O ri gi n  of  S p e ci e s  f o c u s  e x cl u -
si v el y o n t h e c a u s e s of tr ait v ari a bilit y. 
T o D a r wi n, e x pl ai ni n g t r ait v a ri a bil -
it y  w a s  c r u ci al.  H e  u n d e r st o o d  t h at  
 v a ri ati o n —  t o g et h e r  wit h  i n h e rit a n c e 

a n d diff er e nti al r e pr o d u cti v e  s u c c e s s —
i s a pr er e q ui sit e f or e v ol uti o n b y n at u-
r al s el e cti o n, t h e pr o c e s s r e s p o n si bl e f or 
t h e e x q ui sit el y a d a pt e d f e at u r e s t h at 
c h a r a ct e ri z e li vi n g t hi n g s. N e v e rt h e -
l e s s, D ar wi n str u g gl e d t o e x pl ai n h o w 
tr ait v ari a bilit y ari s e s t o t h e e n d of hi s 
lif e i n 1 8 8 2, w h e n i n hi s fi n al y e ar h e 
wr ot e, “ T h er e i s h ar dl y a n y q u e sti o n i n 
bi ol o g y of m or e i m p ort a n c e t h a n t hi s of 
t h e n at ur e a n d c a u s e of v ari a bilit y. ”

Ir o ni c all y, n e arl y t w o d e c a d e s b ef or e 
D ar wi n wr ot e t h e s e w or d s, a n o b s c ur e 
M or a vi a n m o n k h a d p u bli s h e d a s h ort 
p a p er t h at w o ul d ulti m at el y f or m t h e 
b a si s f or w h at i s n o w wi d el y a c c e pt e d 
a s t h e c a u s e of tr ait v ari a bilit y. I n t hi s 
p a p e r,  G r e g o r  M e n d el  s h o w e d  t h at  
p a r e nt s t r a n s mit t o t h e n e xt g e n e r a -
ti o n di s cr et e b ut i n vi si bl e p arti cl e s t h at 
pr e di ct a bl y i nfl u e n c e t h e tr ait s of t h eir 
off s p ri n g. H o w e v e r, M e n d el’ s p a p e r 
w a s i g n or e d u ntil it w a s di s c o v er e d i n 
1 9 0 0 w h e n, i n t h e s p a n of o nl y t hr e e 
m o nt h s, t h r e e diff e r e nt s ci e nti st s i n -
d e p e n d e ntl y  p u bli s h e d  st u di e s  t h at 
r e c a pit ul at e d M e n d el’ s e a rli e r w o r k. 
S h ortl y aft er t h at, t h e D a ni s h bi ol o gi st 
Wil h el m J o h a n n s e n g a v e a n a m e t o 
M e n d el’ s p a rti cl e s: g e n e s. F oll o wi n g 
t hi s r e di s c o v e r y of M e n d el’ s w o r k, a 
g e n e-f o c u s e d  p e r s p e cti v e  c h a r a ct e r -
i z e d  t h e  e v ol uti o n a r y  s y nt h e si s ,  t h e  
m el di n g i n t h e 1 9 3 0 s a n d 1 9 4 0 s of D ar -
wi n’ s i d e a s wit h t h e e m e r gi n g fi el d 
of g e n eti c s. T o d a y, g e n e s a r e wi d el y 
vi e w e d  a s  t h e  diff e r e n c e- m a k e r s  i n  
d et e r mi ni n g w h at t r ait s a n o r g a ni s m 
pr o d u c e s; b y c o ntr a st, t h e i nfl u e n c e of 

E v ol uti o n a n d t h e Fl e xi bl e 
Or g a ni s m
D o e n vir o n me nt all y i n d u ce d c h a n ges t o i n di vi d u als affe ct n at ur al sele cti o n,  

a n d if s o, h o w ?

D a vi d W. Pf e n ni g

Q UI C K T A K E

P h e n o t y pi c  pl a s ti ci t y —i n  w hi c h  or g a n -
is ms  pr o d u c e  diff er e nt  f e at ur es  i n  diff er e nt  
 e n vir o n m e nts – –is u bi q uit o us, b ut w h et h er a n d 
h o w it i m p a cts e v ol uti o n is n ot f ull y u n d erst o o d.

C o ntr ar y t o l o n g st a n di n g i d e a s,  p h e n ot y p-
i c pl asti cit y m a y pl a y a cr u ci al r ol e i n f a cilit at-
i n g e v ol uti o n b y pr o m oti n g p o p ul ati o n p ersis-
t e n c e a n d e x p osi n g hi d d e n g e n eti c v ari ati o n.

K n o wl e d g e of pl a sti cit y e n h a n c es o ur u n d er -
st a n di n g of t h e r ol e t h e e n vir o n m e nt pl a ys i n  
e v ol uti o n b y b ot h s el e cti n g p h e n ot y pi c v ari ati o n 
a n d h el pi n g t o g e n er at e t h at v ari ati o n.

S p a d ef o ot t o a d s pr o d u c e s h a p e- s hi fti n g t a d -
p ol e s t h at a r e m o d el s f or st u d yi n g p h e n o -
t y pi c pl a sti cit y.

D a vi d Pf e n ni g
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the environment on trait production is 
often ignored.

However, as we saw in our three 
opening examples, genes alone do not 
determine an individual’s features. 
Indeed, when coining the term gene, 
Johannsen also introduced the con -
cepts of genotype to refer to an organ -
ism’s genetic makeup and phenotype to 
refer to its observable characteristics 
(that is, its morphology, physiology, 
and behavior). In doing so, he stressed 
that the phenotype results from an 
interplay between genes and the en -
vironment. Around the same time, the 
Swedish biologist Herman Nilsson-
Ehle coined the term phenotypic plastic-
ity, which is now defined as the ability 
of an individual organism (or a single 
genotype) to produce multiple pheno-
types in response to different environ -
mental circumstances.

But how does plasticity fit into 
modern biology, which often treats 

phenotypes as products of genotypes? 
This question has motivated the re -
search in my lab for the past three 
decades, focusing primarily on the 
aforementioned shape-shifting spade-
foot toad tadpoles. Our research and 
that of many other scientists point to 
an inescapable conclusion: Plasticity 
might play a crucial role in promot-
ing evolution. Indeed, integrating 
plasticity into modern evolutionary 
theory may help explain a wide range 
of phenomena, from how novel, com-
plex features arise to how plants and 
animals can persist in the face of rapid 
environmental change. But before ad -
dressing these issues, we need to dis-
cuss why plasticity is ubiquitous and 
why it evolves.

Plasticity Is Ubiquitous
We now know that all major groups of 
organisms, from bacteria to mammals, 
can react to variation in their external 

environment by undergoing revers -
ible or irreversible changes in some as -
pect of their phenotype. These changes 
can be conspicuous, as with the turtles 
and tadpoles. Often, however, these 
changes occur solely at the molecu -
lar level and might not be apparent to 
an observer. For instance, research in 
just the past decade has demonstrated 
that diverse environmental conditions, 
such as temperature and diet, can in-
fluence whether individual genes are 
active and how much protein or RNA 
they make when they are active (RNA, 
like DNA, is a nucleic acid found in 
all cells; its principal role is to carry 
instructions from DNA for making 
proteins, but it can also regulate the 
expression of other genes). Such envi -
ronmentally induced change in gene 
expression enables organisms to pro -
duce the appropriate proteins for cur -
rent circumstances. This observation––
that gene activity is environmentally 
sensitive in all living things––suggests 
that plasticity is ubiquitous. 

A key to understanding why plastic -
ity is ubiquitous is to appreciate that 
it is often beneficial. Of course, some 

Spadefoot toads breed in ephemeral, rain-filled pools in North American deserts. Their tad -
poles are born as an oval-shaped omnivore morph ( on the left in inset ). However, if a young 
tadpole eats meat, it may develop into a distinctive carnivore morph ( on the right). Research 
on such phenotypic plasticity is now revealing its role in evolution.

David Pfennig
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instances of plasticity likely represent 
an unavoidable consequence of fun -
damental laws of chemistry or phys -
ics and are therefore not necessarily 
beneficial. For instance, poor nutrition 
leads to stunted growth in most organ -
isms. Yet, many forms of plasticity do 
increase an individual’s evolutionary 
fitness. For example, recall the afore -
mentioned predator-induced plasticity 
in wild radish plants. But how does 
the fact that plasticity can be beneficial 
explain its ubiquity? 

To answer this question, consider 
that every natural environment var -
ies, whether in time or space, and 
due to physical or biological factors. 
Moreover, individual organisms often 
encounter environmental variation 

within their lifetimes, such as when an 
organism experiences different seasons 
or migrates across different habitats. 
This environmental variation is gener -
ally harmful; it erodes the match be -
tween the organism’s phenotype and 
its environment. Although evolution 
by natural selection can help maintain 
this match, evolution can only occur 
between generations. Consequently, 
adaptive evolution is always at least 
one generation behind in responding 
to a rapidly changing environment. By 
contrast, plasticity creates phenotypic 
change within generations and can 
therefore potentially keep up with rap -
id environmental change. Presumably, 
this unique evolutionary advantage 
explains why plasticity is ubiquitous.

Evolution of Plasticity
Not all species nor all traits within spe -
cies show similar levels of plasticity. 
Some features in some species are eas -
ily modified by the environment (that 
is, they show high levels of plasticity), 
whereas others are not (that is, they 
show low levels of plasticity). More -
over, plasticity can be expressed as ei -
ther continuous or discrete variation. 
What conditions favor high versus low 
levels of plasticity, and, once plasticity 
does evolve, what determines its form? 

Evolutionary theorists, such as 
Samuel Scheiner of the U.S. National 
Science Foundation, have developed 
mathematical models predicting that 
higher levels of plasticity (more pre -
cisely, greater environmental influence 
on the production of a particular trait) 
will evolve when the following con -
ditions are met: 1) the benefits of ex -
pressing plasticity outweigh its costs; 
2) genetic variation for plasticity is 
present; 3) the organism experiences 
environmental variation; 4) no fixed 
trait does best across all environmen -
tal circumstances that an individual 
might face; and 5) individuals can as -
sess their environment reliably.

To determine if these conditions are 
met in species that have evolved high 
levels of plasticity, we begin with the 
first two conditions above (1 and 2). 
Decades of research have searched 
for costs of plasticity, and such stud -
ies have generally failed to document 
significant costs. Thus, the benefits of 
expressing plasticity likely often out -
weigh its costs (condition 1). Also, 
biologists have known since the pio -
neering work of ecologist Anthony 
Bradshaw in the 1960s that different 
genotypes typically vary in whether 
and how they respond to any particu -
lar environmental cue. Thus, genetic 
variation for plasticity is usually pres-
ent (condition 2).

To illustrate how to test the remain -
ing three conditions (3, 4, and 5), con -
sider environmental sex determina-
tion, a common form of plasticity in 
which the environment that an indi -
vidual develops in determines its sex 
(temperature-dependent sex determi -
nation, as in the turtles in the open -
ing paragraph, is a particular case). 
Applying the theory above, sex should 
be environmentally influenced if in -
dividuals experience environmental 
variation (condition 3); the environ -
ment in which an individual develops 
has different fitness consequences for 

The plant Rorippa aquatica ( a) produces different leaves 
below (left) and above (right) water. Changes in temper -
ature and day length cause Moricandia arvensis to pro-
duce different flowers (b ). To use less energy in winter, 
shrews (c, left) decrease brain size ( c, right). The cortex 
of the same shrew in winter ( blue) changes in summer 
(orange). Water fleas ( d) produce normal ( left) or, around 
predators, helmeted forms ( right). Early nutrition deter -
mines whether male dung beetles grow horns ( e). Rock 
ptarmigans change skin color seasonally (f ).
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m al e s  v e r s u s  f e m al e s  ( c o n diti o n  4); 
a n d i n di vi d u al s c a n a s s e s s t h eir e n vi -
r o n m e nt r eli a bl y d uri n g d e v el o p m e nt 
( c o n diti o n 5).

S u p p ort f or t h e s e pr e di cti o n s c o m e s 
f r o m st u di e s of di v e r s e s p e ci e s. O n e 
s u c h  st u d y  i n v ol v e s  t h e  a m p hi p o d  
c r u st a c e a n G a m m a r u s d u e b e ni , w hi c h 
o c c u r s  i n  t e m p e r at e  c o a st al  m a r s h -
e s. I n t hi s s p e ci e s, s e x i s d et e r mi n e d 
b y p h ot o p e ri o d, o r d a y l e n gt h, wit h 
m al e s  b ei n g  p r o d u c e d  e a rl y  i n  t h e  
m ati n g  s e a s o n,  w h e n  d a y  l e n gt h  i s  
s h o rt e r, a n d f e m al e s l at e r, w h e n d a y 
l e n gt h i s l o n g er. B ei n g pr o d u c e d e ar-
l y i n t h e m ati n g s e a s o n all o w s m al e s 
m o r e ti m e t o g r o w, a n d m al e fit n e s s 
i m p r o v e s  m o r e  t h a n  f e m al e  fit n e s s  
wit h si z e. T h u s, b e c a u s e m al e s b e n efit 
f r o m l a r g e r si z e m o r e t h a n f e m al e s, 
a n d  b e c a u s e  i n di vi d u al s  c a n  a s s e s s  
t h eir e n vir o n m e nt, e n vir o n m e nt al s e x 
d et er mi n ati o n i s a d a pti v e i n t hi s s y s -
t e m, pr e s u m a bl y e x pl ai ni n g w h y s u c h 
pl a sti cit y h a s e v ol v e d.

O n c e  i n c r e a s e d  pl a sti cit y  h a s  
e v ol v e d, it c a n p r o d u c e p h e n ot y p e s 
t h at a r e di st ri b ut e d c o nti n u o u sl y o r 
di s c o nti n u o u sl y. C o nti n u o u s pl a sti c -
it y  i s  m o r e  c o m m o n  a n d  c a n  all o w 
i n di vi d u al s t o fi n el y t u n e t h eir p h e n o-
t y pi c r e s p o n s e t o t h e st r e n gt h of a n 
e n vir o n m e nt al sti m ul u s. F or i n st a n c e, 
i n t h e pr e s e n c e of pr e d at or s, t a d p ol e s 
of m a n y fr o g s p e ci e s d e v el o p d e e p er 
t ail s, w hi c h e n h a n c e s s ur vi v al. M or e-
o v er, t h e gr e at er t h e ri s k of pr e d ati o n, 
t h e d e e p er t h e t a d p ol e’ s t ail. Di s c o n-
ti n u o u s pl a sti cit y i s r ef err e d t o a s p ol y -
p h e ni s m .  E x a m pl e s  i n cl u d e  e n vi r o n-
m e nt all y i nfl u e n c e d s e x e s, c a st e s i n 
s o ci al i n s e ct s, s e a s o n al f or m s, pr e d at or-  
i n d u c e d  f o r m s,  a n d  alt e r n ati v e  
 r e s o u r c e- u s e a n d r e p r o d u cti v e f o r m s 
f o u n d i n m a n y o r g a ni s m s. G e n e r al-
l y, p ol y p h e ni s m i s t h o u g ht t o e v ol v e 
f r o m c o nti n u o u sl y v a r yi n g pl a sti cit y 
w h e n s el e cti o n f a v or s di sti n ct p h e n o -
t y p e s  a d a pt e d  t o  s p e cifi c  e c ol o gi c al 
 cir c u m st a n c e s.

H o w e v er, n ot o nl y c a n s el e cti o n e n -
h a n c e pl a sti cit y, it c a n al s o r e d u c e it. I n 
p arti c ul ar, s el e cti o n c a n c a u s e a tr ait t o 
e v ol v e t o b e c o m e less r e s p o n si v e t o a 
s p e cifi c c h a n g e i n t h e e n vir o n m e nt, i n 
s o m e c a s e s e v e n t o t h e p oi nt of eli mi -
n ati n g t h e pl a sti cit y. G e n er all y, s el e c -
ti o n mi g ht f a v or t h e l o s s of pl a sti cit y 
w h e n a n y of t h e fi v e c o n diti o n s f a v or -
i n g a n i n c r e a s e i n pl a sti cit y o utli n e d 
e arli er i n t hi s s e cti o n n o l o n g er h ol d. 
W h e n s el e cti o n c a u s e s a pl a sti c tr ait t o 
e v ol v e t o b e c o m e fi x e d, t h e tr ait i s s ai d 

t o h a v e u n d er g o n e ge neti c assi mil ati o n . 
G e n eti c a s si mil ati o n w a s fir st d e m o n -
str at e d i n t h e 1 9 5 0 s t hr o u g h gr o u n d -
br e a ki n g l a b e x p eri m e nt s b y g e n eti ci st 
C o nr a d W a d di n gt o n. R e c e nt r e s e ar c h 
h a s  u n c o v e r e d  n u m e r o u s  p o s si bl e  
e x a m pl e s  f r o m  n at u r al  p o p ul ati o n s  

s u c h a s m y w or k i n v ol vi n g s p a d ef o ot 
t o a d  t a d p ol e s.  T h u s,  pl a sti cit y  c a n  
e v ol v e. T hi s e vi d e n c e r ai s e s t h e i s s u e 
of w h et h er pl a sti cit y’ s e v ol uti o n c a n, 
i n t ur n, aff e ct e v ol uti o n.

D o e s Pl a sti cit y Aff e ct E v ol uti o n ?
E v ol uti o n ar y bi ol o gi st s h a v e l o n g gr a p -
pl e d wit h u n d er st a n di n g h o w pl a sti c -
it y aff e ct s e v ol uti o n. T o t h e d e gr e e t h at 
pl a sti cit y w a s t h o u g ht t o m att er, it w a s 

g e n er all y b eli e v e d b y m a n y e v ol uti o n -
ar y bi ol o gi st s t o i m p e d e e v ol uti o n. Af -
t er all, if a si n gl e g e n ot y p e c a n pr o d u c e 
m ulti pl e  p h e n ot y p e s  i n  r e s p o n s e  t o  
diff er e nt e n vir o n m e nt al cir c u m st a n c e s, 
f urt h er g e n eti c c h a n g e mi g ht n ot b e r e-
q uir e d t o a d a pt t o n e w cir c u m st a n c e s. 

I n  s u c h  sit u ati o n s,  pl a sti cit y  s h o ul d  
d a m p e n di v er sif yi n g s el e cti o n a n d i m -
p e d e e v ol uti o n. H o w e v er, r at h er t h a n 
pr e v e nti n g e v ol uti o n, ot h er s h a v e h y -
p ot h e si z e d t h at pl a sti cit y mi g ht m a k e 
e v ol uti o n m ore  li k el y t o o c c ur. F or e x-
a m pl e, t h e di sti n g ui s h e d e v ol uti o n ar y 
bi ol o gi st M ar y J a n e We st- E b er h ar d of 
t h e S mit h s o ni a n Tr o pi c al R e s e ar c h I n sti-
t ut e h a s ar g u e d t h at “ m o st p h e n ot y pi c 
e v ol uti o n b e gi n s wit h e n vir o n m e nt all y 

Pl a sti cit y cr e at e s p h e n ot y pi c c h a n g e 

wit hi n g e n er ati o n s a n d c a n t h er ef or e 

p ot e nti all y k e e p u p wit h r a pi d 

e n vir o n m e nt al c h a n g e.

y e ar
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s e c o n d s d e c a d e s

wit hi n g e n er ati o n s b et w e e n g e n er ati o n s

mill e n ni ah o ur s d a y s

pl a sti c r e s p o n s e i n V e n u s fl ytr a p:
l e a v e s cl o s e wit hi n 4 0 milli s e c o n d s 

of a n e n vir o n m e nt al sti m ul u s 
t o u c hi n g tri g g er h air s

r a pi d e v ol uti o n:  
i n o n e g e n er ati o n 

of G al a p a g o s 
I sl a n d s m e di u m 
gr o u n d fi n c h e s

e v ol uti o n

Pl a sti cit y e n a bl e s or g a ni s m s t o r e s p o n d t o e n vir o n m e nt al c h a n g e wit hi n a g e n er ati o n. B y 
c o ntr a st, wit h e v ol uti o n, or g a ni s m s c a n o nl y r e s p o n d t o s u c h e n vir o n m e nt al c h a n g e s b et w e e n 
g e n e r ati o n s; e v e n r a pi d e v ol uti o n t a k e s at l e a st o n e g e n e r ati o n. S o m eti m e s, p h e n ot y pi c 
c h a n g e s wr o u g ht b y pl a sti cit y c a n b e tr a n s mitt e d b et w e e n g e n er ati o n s.
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i niti at e d p h e n ot y pi c c h a n g e. . . . G e n e s 
ar e f oll o w er s, n ot n e c e s s aril y l e a d er s, i n 
p h e n ot y pi c e v ol uti o n. ” H er e, I di s c u s s 
t w o n o n- m ut u all y e x cl u si v e w a y s b y 
w hi c h pl a sti cit y mi g ht f a cilit at e e v ol u -
ti o n. A s I al s o e m p h a si z e b el o w, t h e s e 
i d e a s ar e c urr e ntl y t h e s u bj e ct of c o n si d-
er a bl e r e s e ar c h.

Fir st, pl a sti cit y mi g ht f a cilit at e e v ol u -
ti o n b y pr o m oti n g p o p ul ati o n p er si s-
t e n c e. B e c a u s e pl a sti cit y c a n e n h a n c e 
i n di vi d u al fit n e s s i n r a pi dl y c h a n gi n g 
e n vi r o n m e nt s, it s h o ul d al s o p r e v e nt 
p o p ul ati o n s  u n d e r  st r e s s  f r o m  g oi n g  
e xti n ct. C o n si st e nt wit h t hi s pr e mi s e, 
a r e c e nt st u d y f o u n d t h at bir d s p e ci e s 
t h at e x hi bit hi g h er l e v el s of pl a sti cit y ( a s 
m e a s ur e d b y a hi g h er pr o p e n sit y t o i n -
n o v at e b e h a vi or all y) ar e at a l o w er ri s k 
of e xti n cti o n t h a n s p e ci e s t h at di s pl a y 
l o w er l e v els of pl asti cit y. If pl asti cit y pr o-
m ot e s p o p ul ati o n p er si st e n c e, it c o ul d 
b u y ti m e u ntil a p o p ul ati o n a c q ui r e s 
n e w g e n eti c v ari a nt s – –f or e x a m pl e, b y 
m ati n g wit h m e m b er s of a n ot h er p o p u -
l ati o n or e v e n a n ot h er s p e ci e s – –t h at e n-
a bl e it t o a d a pt t o a n e w e n vir o n m e nt. 
B e c a u s e li n e a g e s t h at r e m ai n vi a bl e 
c a n c o nti n u e t o e v ol v e a n d e v e n di -
v er sif y, a n y pr o c e s s, s u c h a s pl a sti cit y, 
t h at d e c r e a s e s e xti n cti o n ri s k s h o ul d 
t h er e b y f o st er e v ol uti o n. 

Alt h o u g h m o st e v ol uti o n ar y bi ol o -
gi st s a n d e c ol o gi st s pr o b a bl y vi e w t hi s 
b u yi n g ti me h y p ot hesis  a s t h e p ri m a r y 
w a y  pl a sti cit y  p r o m ot e s  e v ol uti o n,  
m o r e  di r e ct  t e st s  of  t h e  h y p ot h e si s  
ar e n e e d e d. A w a y t o d o s o w o ul d b e 
t o c o n d u ct e x p e ri m e nt s u si n g diff e r-
e nt p o p ul ati o n s t h at v ar y i n d e gr e e of 
pl a sti cit y. O n e c o ul d t h e n a s k if, i n t h e 
pr e s e n c e of a n o v el e n vir o n m e nt, m or e 
pl a sti c p o p ul ati o n s ar e m or e li k el y t o 
p e r si st b e c a u s e of t h ei r hi g h e r l e v el s 
of pl a sti cit y.

S e c o n d,  pl a sti cit y  mi g ht  f a cilit at e  
e v ol uti o n t hr o u g h pl asticit y-le d e v ol uti o n . 
T o u n d er st a n d h o w t hi s pr o c e s s w or k s, 
c o n si d er t h at m o st n at ur al p o p ul ati o n s 
c o nt ai n a b u n d a nt g e n eti c v ari ati o n t h at 
i s n or m all y n ot e v e n e x pr e s s e d, m e a n-
i n g t h at it h a s n o eff e ct o n a n or g a n-
i s m’ s p h e n ot y p e. H o w e v er, t hi s “ cr y p-
ti c ” g e n eti c v ari ati o n c a n b e e x pr e s s e d 
p h e n ot y pi c all y w h e n p o p ul ati o n s e x -
p eri e n c e n o v el or str e s sf ul c o n diti o n s, 
s u c h a s e n vi r o n m e nt al c h a n g e s. T h e 
p h e n ot y pi c  e x p r e s si o n  of  t hi s  v a ri a -
ti o n i s cr u ci al b e c a u s e s el e cti o n a ct s o n 
p h e n ot y p e s, n ot g e n ot y p e s. Yet, s el e c -
ti o n c a n o nl y a ct o n p h e n ot y p e s t h at 
ar e e x pr e s s e d, s u c h a s t h o s e i n d u c e d 
b y t h e e n vir o n m e nt. O n c e p h e n ot y pi c 
v a ri ati o n i s p r e s e nt, s el e cti o n c a n a ct 

o n it a n d f a v or t h o s e  p h e n ot y p e s — a n d 
t h eir u n d erl yi n g g e n ot y p e s —t h at ar e 
w ell a d a pt e d t o t h e n e w e n vir o n m e nt. 
A s l o n g a s t h e e n vi r o n m e nt p e r si st s, 
s el e cti o n c a n r efi n e t h e e n vir o n m e nt all y 
i n d u c e d p h e n ot y p e. 

M or e o v er, d e p e n di n g o n w h et h er or 
n ot pl a sti cit y c o nti n u e s t o b e f a v or e d, 
s el e cti o n  c a n  al s o  r e s p e cti v el y  p r o -
m ot e  eit h e r  i n c r e a s e d  e n vi r o n m e nt al   
s e n siti vit y —l e a di n g t o a p ol y p h e ni s m —  
or d e cr e as e d e n vir o n m e nt al s e nsiti vit y —  
l e a di n g t o g e n eti c a s si mil ati o n. Eit h er 
w a y, pl a sti cit y-l e d e v ol uti o n pr o d u c e s 
a n e w p h e n ot y p e t h at w a s n ot pr e s e nt 
i n t h e a n c e str al p o p ul ati o n, at l e a st n ot 
i n a w ell- a d a pt e d f or m. T h u s, i n c o n-
t r a st wit h m ut ati o n-l e d e v ol uti o n, i n 
w hi c h a n e w p h e n ot y p e fir st a p p e ar s 
f oll o wi n g  a  c h a n g e  i n  t h e  g e n o m e,  
wit h pl a sti cit y-l e d e v ol uti o n, a n e w 
p h e n ot y p e fi r st a p p e a r s f oll o wi n g a 
c h a n g e i n t h e e n vir o n m e nt. 

F o r  t h e  p a st  f e w  d e c a d e s,  I  h a v e  
b e e n e v al u ati n g pl a sti cit y-l e d e v ol u -
ti o n i n a f a s ci n ati n g gr o u p of a m p hi b-
i a n s: s p a d ef o ot t o a d s ( h e r e aft e r, si m-
pl y s p a d ef o ot s). S p a d ef o ot s ar e f o u n d 
t h r o u g h o ut  t h e  U nit e d  St at e s  a n d  
n o rt h e r n M e xi c o, e v e n i n d e s e rt s. T o 
c o p e wit h a ri d e n vi r o n m e nt s, s p a d e -
f o ot s h a v e e v ol v e d n u m e r o u s a d a p-
t ati o n s. A m o n g t h e s e i s t h at t h e t a d-
p ol e s of s e v er al s p e ci e s h a v e e v ol v e d 
a u ni q u e f or m of pl a sti cit y: Alt h o u g h 
t h e y n o r m all y d e v el o p i nt o a r o u n d-
b o di e d o m ni v o r e m o r p h, if t h e y e at 
m e at (f or i n st a n c e, f air y s hri m p), t h e y 
m a y d e v el o p i nt o a c ar ni v or e m or p h. 
T hi s f or m, w hi c h s p e ci ali z e s o n m e at, 
s p ort s a l ar g e h e a d, a s err at e d k er ati n -
i z e d b e a k, a n d a s h o rt g ut. B e c a u s e 
t h e y d e v el o p r a pi dl y, c a r ni v o r e s a r e 
m or e li k el y t o e s c a p e a dr yi n g p o n d.

T o t e st w h et h er t hi s n o v el c ar ni v or e 
m or p h e v ol v e d t hr o u g h pl a sti cit y-l e d 
e v ol uti o n,  m y  g r a d u at e  st u d e nt s – –
C ri s  L e d ó n- R etti g,  Ni c k  L e vi s,  a n d  
A n dr e w I s d a n er – – a n d I h a v e st u di e d 
diff e r e nt s p e ci e s a n d p o p ul ati o n s of 
s p a d ef o ot s  t h at  a p p e a r  t o  r e p r e s e nt 
diff e r e nt  st a g e s  i n  t h e  e v ol uti o n  of  
t h e c a r ni v o r e m o r p h. U si n g t hi s s o rt 
of c o m p ar ati v e a p pr o a c h t o i nf er t h e 
p o s si bl e st a g e s i n t h e e v ol uti o n of a 
f e at ur e of i nt er e st h a s a l o n g a n d ri c h 
tr a diti o n i n e v ol uti o n ar y bi ol o g y a n d 
w a s u s e d e xt e n si v el y b y D ar wi n. F or 
o ur st u di e s, w e f o c u s e d o n fi v e diff er -
e nt s p e ci e s a n d p o p ul ati o n s of s p a d e -
f o ot s: S c a p hi o p us c o u c hii  a n d S c a p hi o p us 
h ol b r o o kii , w hi c h d o n ot p r o d u c e t h e 
c ar ni v or e m or p h; S pe a b o m bifr o ns  a n d 

fit n e s s of e a c h g e n ot y p e i n:

d ar k e n vir o n m e nt

li g ht e n vir o n m e nt

b ot h e n vir o n m e nt s a v er a g e d t o g et h er

a v er a g e 
fit n e s s 
of d ar k 

g e n ot y p e

a v er a g e 
fit n e s s 
of li g ht 

g e n ot y p e

a v er a g e 
fit n e s s of 
pl a sti c 

g e n ot y p e

i n cr e a s e d 
fit n e s s of 

pl a sti c 
g e n ot y p e

d ar k ( fi x e d) li g ht ( fi x e d)

g e n ot y p e

pl a sti c

P h e n ot y pi c pl a sti cit y e n h a n c e s e v ol uti o n ar y fit n e s s i n a v ari a bl e w orl d. Alt h o u g h i n di vi d u al s 
wit h fi x e d p h e n ot y p e s mi g ht h a v e hi g h er fit n e s s t h a n t h o s e wit h pl a sti c p h e n ot y p e s i n a n e n -
vir o n m e nt f or w hi c h t h e y ar e s p e ci ali z e d ( s u c h a s a d ar k li z ar d i n a d ar k e n vir o n m e nt), pl a sti c 
i n di vi d u al s will h a v e hi g h er fit n e s s w h e n a v er a g e d a cr o s s e n vir o n m e nt s. B e c a u s e or g a ni s m s 
t y pi c all y e x p eri e n c e m ulti pl e e n vir o n m e nt s i n t h eir lif eti m e s, t hi s gi v e s a n o v er all fit n e s s 
a d v a nt a g e t o pl a sti c i n di vi d u al s.

D a vi d Pf e n ni g / a d a pt e d b y B ar b ar a A uli ci n o
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S pe a m ulti pli c at a , w hi c h b ot h pr o d u c e 
t h e c ar ni v or e m or p h a s p art of a p ol y -
p h e ni s m; a n d c e rt ai n p o p ul ati o n s of 
S p e a b o m bif r o n s , w hi c h a p p e a r t o b e 
fi x e d f or pr o d u ci n g t h e c ar ni v or e o nl y; 
t h at i s, t h e c ar ni v or e m or p h a p p e ar s t o 
h a v e u n d e r  g o n e g e n eti c a s si mil ati o n 
i n t h e s e p o p ul ati o n s. 

W h e n w e c o m p ar e d t a d p ol e s r e ar e d 
o n t h e pl a nt- b a s e d di et of o m ni -
v o r e s o r t h e m e at di et of c a r ni v o r e s, 
w e f o u n d s u btl e b ut si g nifi c a nt di et-
i n d u c e d pl a sti cit y i n b ot h S c a p hi o p us 
s p e ci e s. B e c a u s e t h e s e t w o s p e ci e s e x -
hi bit t h e a n c e st r al c o n diti o n, i n t h at 
t h e y d o n ot p r o d u c e c a r ni v o r e s, t hi s 
fi n di n g s u g g e st s t h at pr e e xi sti n g pl a s -
ti cit y mi g ht h a v e b e e n pr e s e nt i n t h e 
a n c e st o r s of t h e m o d e r n- d a y g e n u s 
S p e a , t h e g r o u p t h at d o e s p r o d u c e 
c a r ni v o r e s. W e al s o f o u n d e vi d e n c e 
of a d a pti v e r efi n e m e nt of t hi s pl a sti c -
it y i n b ot h S pe a  s p e ci e s; f or e x a m pl e, 
t h e y gr e w e q u all y w ell o n pl a nt s a n d 
m e at, i n c o nt r a st t o b ot h S c a p hi o p u s  
s p e ci e s, w hi c h t e n d e d t o g r o w p o o r -
l y o n a m e at- b a s e d di et. Fi n all y, w e 
f o u n d f urt h er r efi n e m e nt of t h e c ar ni -
v or e m or p h i n S pe a b o m bifr o ns  p o p ul a-
ti o n s t h at pr o d u c e o nl y c ar ni v or e s. F or 
e x a m pl e, t h e s e p o p ul ati o n s pr o d u c e d 
a v er si o n of t h e c ar ni v or e m or p h t h at 
w a s c o m p etiti v el y s u p eri or t o t h e c ar -
ni v or e s pr o d u c e d b y a n y ot h er s p e ci e s 
or p o p ul ati o n s of S pe a b o m bifr o ns . We  
a r e att e m pti n g t o i d e ntif y t h e g e n e s 
i n v ol v e d i n p r o d u ci n g t hi s u ni q u e 
m o r p h t o u n d e r st a n d w h at g e n eti c 
p at h w a y s m a y h a v e m e di at e d t h e 
c h a n g e s w e o b s er v e d i n s p a d ef o ot s. 

T h u s, o u r r e s e a r c h p r o vi d e s s u p -
p o rt f o r pl a sti cit y-l e d e v ol uti o n f r o m 
n at u r al p o p ul ati o n s. B ut o u r s i s b y 
n o m e a n s t h e o nl y st u d y t o s u p p o rt 
t hi s i d e a. I n d e e d, pl a sti cit y-l e d e v o -
l uti o n h a s b e e n d o c u m e nt e d i n s p e -
ci e s a s di v er s e a s b a ct eri a a n d s n a k e s. 
M or e o v er, pl a sti cit y-l e d e v ol uti o n h a s 
b e e n i m pli c at e d i n m aj or e v ol uti o n ar y 
e v e nt s, s u c h a s t h e e v ol uti o n of m ulti -
c ell ul arit y. I n s h ort, pl a sti cit y mi g ht b e 
cr u ci al i n f o st eri n g e v ol uti o n ar y di v er -
sifi c ati o n a n d i n n o v ati o n.

Tr a n s g e n er ati o n al Pl a sti cit y
P e r h a p s t h e m o st c o nt r o v e r si al t o pi c 
i n pl a sti cit y r e s e ar c h – – b e c a u s e it r ai s -
e s t h e v e xi n g i s s u e of h o w w e s h o ul d 
d efi n e e v ol uti o n – –i s w h et h er s p e cifi c 
pl a sti c r e s p o n s e s c a n b e p a s s e d t o off -
s p ri n g. I n ot h e r w o r d s, c a n a p a r e nt 
p a s s t o it s off s pri n g a n y f e at ur e s t h at 
t h e p ar e nt a c q uir e d d uri n g it s lif eti m e 

t h r o u g h pl a sti cit y ? S u c h t r a n s g e n e r a-
ti o n al pl a sti cit y i s s o m eti m e s d u b b e d 
t h e i n herit a n ce of a c q uire d c h ar a cters  a n d 
att ri b ut e d t o t h e e a rl y 1 9t h- c e nt u r y 
Fr e n c h s c h ol ar J e a n- B a pti st e L a m ar c k. 
H o w e v e r, t h e n oti o n t h at a c q ui r e d 
f e at ur e s c o ul d b e p a s s e d t o off s pri n g 

a nt e d at e s L a m ar c k a n d w a s wi d el y a c -
c e pt e d b y m a n y n at ur al hi st ori a n s i n 
hi s ti m e. F or e x a m pl e, i n O n t he Ori gi n 
of S pe cies , D ar wi n wr ot e, “I t hi n k t h at 
t h e r e c a n b e n o d o u bt t h at i n c r e a s e d 
u s e of c e rt ai n p a rt s of o u r d o m e sti c 
a ni m al s h a s st r e n gt h e n e d a n d e n -
l a r g e d t h e m, a n d di s u s e di mi ni s h e d 
t h e m, a n d t h at s u c h m o difi c ati o n s 
h a v e b e e n i n h erit e d. ”

T h e p er s o n cr e dit e d wit h di s pr o vi n g 
t h e i n h erit a n c e of e n vir o n m e nt all y i n -
d u c e d tr ait s w a s t h e G er m a n bi ol o gi st 
A u g u st Wei s m a n n. I n t h e 1 8 8 0 s, Wei s -
m a n n c ut t h e t ail s of mi c e i n h alf f or 
fi v e g e n er ati o n s a n d o b s er v e d w h et h er 
t h ei r off s p ri n g a c q ui r e d a s h o rt e n e d 
t ail; u n s ur pri si n gl y, n ot a si n gl e m o u s e 

w a s b o r n wit h a r u di m e nt a r y t ail. 
F r o m t hi s e x p e ri m e nt, a s w ell a s d e -
t ail e d o b s e r v ati o n s of h o w e m b r y o s 
d e v el o p e d, Wei s m a n n c o n cl u d e d t h at 
“t h e i m pr o v e m e nt of a n or g a n i n t h e 
c o ur s e of g e n er ati o n s i s n ot t h e r e s ult 
of a s u m m ati o n of t h e r e s ult of pr a cti c e 

of i n di vi d u al li v e s, b ut of t h e s u m m a -
ti o n of f a v or a bl e g e n eti c f a ct or s. ” Aft er 
Wei s m a n n, t h e i n h erit a n c e of a c q uir e d 
c h ar a ct er s n e v er a g ai n g ai n e d f ull tr a c -
ti o n i n bi ol o g y.

H o w e v e r, it i s b e c o mi n g i n c r e a s -
i n gl y cl e a r t h at bi ol o gi c al i nf o r m a -
ti o n c a n b e c o n v e y e d t h r o u g h v a ri -
o u s n o n g e n eti c f a ct o r s t h at a r e n ot 
s p e cifi e d b y D N A s e q u e n c e, i n cl u d -
i n g f a ct o r s i n d u c e d b y t h e e n vi r o n -
m e nt t h r o u g h pl a sti cit y. I n d e e d, p a r -
e nt s oft e n diff e r e nti all y e n d o w t h ei r 
s e e d s, e g g s, o r off s p ri n g wit h m at e -
ri al s o r i nf o r m ati o n t h at t h e s e p a r -
e nt s a c q ui r e d f r o m t h e e n vi r o n m e nt. 
A m o n g t h e b e st- st u di e d e x a m pl e s i s 
D N A met h yl ati o n , w h e r e t h e a d diti o n 

E v ol uti o n ar y bi ol o gi st s h a v e l o n g 

gr a p pl e d wit h u n d er st a n di n g h o w 

pl a sti cit y i m p a ct s e v ol uti o n.

g e n eti c all y di v er s e
p o p ul ati o n

e n vir o n m e nt c h a n g e s;
p h e n ot y p e s c h a n g e s el e cti o n a ct s

n o v el
p ol y p h e ni s m

a d a pti v e 
r e n e m e nt

g e n eti c
a s si mil ati o n
of a n o v el
p h e n ot y p e

a b c

d e f

I n t hi s e x a m pl e of pl a sti cit y-l e d e v ol uti o n, a g e n eti c all y v ari a bl e p o p ul ati o n of t a d p ol e s ( a, diff er -
e nt c ol or s r e pr e s e nt diff er e nt g e n ot y p e s ) e x p eri e n c e s a n e n vir o n m e nt t h at i n d u c e s n o v el p h e n ot y p e s 
(b, r e pr e s e nt e d b y w hit e o utli n e ), a n d diff er e nt g e n ot y p e s al s o pr o d u c e diff er e nt p h e n ot y p e s ( r e pr e-
s e nt e d b y diff er e nt b o d y s h a p e s ). S el e cti o n c a n a ct o n t hi s f or m erl y cr y pti c g e n eti c v ari ati o n a n d di s -
f a v or g e n ot y p e s t h at pr o d u c e p o orl y a d a pt e d p h e n ot y p e s ( c ). A d a pti v e r efi n e m e nt of t h e f a v or e d 
p h e n ot y p e ( d ) c a n ulti m at el y r e s ult i n eit h er a n o v el p ol y p h e ni s m (e ) or g e n eti c a s si mil ati o n (f ).

D a vi d Pf e n ni g / a d a pt e d b y B ar b ar a A uli ci n o
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of  a m et h yl g r o u p ( C H 3 )  t o c o m p o-
n e nt s of t h e D N A c a n i nfl u e n c e t h e 
a cti vit y of t h e g e n e s o n t h at st r a n d. 
Alt h o u g h s o m e m et h yl t a g s a r e t h e m -
s el v e s e n c o d e d b y D N A, e n vir o n m e n -
t al f a ct o r s, s u c h a s di et o r st r e s s, oft e n 
i n d u c e t h e m. O n c e i n d u c e d, t h e i n-
di vi d u al’ s off s p ri n g c a n e v e n i n h e rit 
t h e s e  e pi g e n eti c  f a ct o r s  a n d  a s s o ci-
at e d alt e r e d t r ait s ( n ot e t h at t h e t e r m 
e pi ge neti c  r ef er s t o t h e eff e ct s of c ert ai n 
t y p e s  of  m ol e c ul e s,  s u c h  a s  m et h yl 
g r o u p s a n d R N A, t h at i nt e r a ct wit h 

D N A t o  i nfl u e n c e  g e n e  e x p r e s si o n. 
T h u s, e pi g e n eti c d e s c ri b e s a m ol e c u -
l a r m e c h a ni s m of pl a sti cit y). D u ri n g 
r e pli c ati o n of D N A b ef o r e c ell di vi -
si o n,  s p e ci ali z e d  e n z y m e s  c a n  c o p y 
a m et h yl t a g f r o m t h e p a r e nt st r a n d 
o nt o t h e d a u g ht e r st r a n d. I n t hi s w a y, 
a n off s p ri n g c a n i n h e rit a f e at u r e t h at 
it s p a r e nt a c q ui r e d d u ri n g it s lif eti m e 
t h r o u g h  pl a sti cit y.  I n  s o m e  c a s e s,  
e pi g e n eti c  i nf o r m ati o n  c a n  e v e n  b e 
i n c o r p o r at e d  i nt o  t h e  g e r mli n e  of  a 
g r o u p of o r g a ni s m s. F o r i n st a n c e, a 
r e c e nt f a s ci n ati n g st u d y b y Eli z a b et h 
O’ B ri e n of t h e QI M R B e r g h of e r M e di -

c al R e s e a r c h I n stit ut e i n A u st r ali a h a s 
s h o w n t h at e n vi r o n m e nt all y i n d u c e d 
c h a n g e s t o R N A c a n b e t r a n s p o rt e d 
f r o m t h e m o u s e b r ai n, w h e r e it w a s 
i niti all y i n d u c e d, t o t h e g e r mli n e a n d, 
ulti m at el y, t o off s p ri n g. 

I n s u m, g e n e s ar e n ot t h e o nl y f a c-
t o r s  t r a n s mitt e d  a c r o s s  g e n e r ati o n s  
a n d s h o ul d n ot b e vi e w e d a s t h e s ol e 
c a u s e of h e r e dit y. Alt h o u g h it i s u n -
cl e ar h o w c o m m o n a n d h o w d ur a bl e 
t r a n s g e n e r ati o n al pl a sti cit y i s i n n at-
u r al p o p ul ati o n s, it i s cl e a r f r o m t h e 

e x a m pl e s o utli n e d a b o v e t h at e n vir o n -
m e nt all y i n d u c e d tr ait s c a n s o m eti m e s 
b e  i n h e rit e d.  U n d e r st a n di n g  w h e n  
a n d h o w t r a n s g e n e r ati o n al pl a sti cit y 
o c c ur s i s a cr u ci al r e s e ar c h fr o nti er of 
bi ol o g y wit h v a st i m pli c ati o n s f or e v o -
l uti o n a n d h u m a n h e alt h.

Pl a sti cit y a n d E v ol uti o n ar y T h e or y
T h o s e w h o st u d y e v ol uti o n h a v e l o n g 
str u g gl e d wit h i n c or p or ati n g pl a sti cit y 
i nt o t h eir i nt ell e ct u al fr a m e w or k. T hi s 
d e b at e o v er pl a sti cit y’ s r ol e i n e v ol u -
ti o n h a s l e d s o m e, s u c h a s t h e e v ol u-
ti o n ar y bi ol o gi st s K e vi n L al a n d of t h e 

U ni v er sit y of St. A n dr e w s i n S c otl a n d 
a n d A r mi n M o c z e k of I n di a n a U ni -
v e r sit y Bl o o mi n gt o n, t o s u g g e st t h at 
i nt e gr ati n g pl a sti cit y i nt o e v ol uti o n ar y 
bi ol o g y will r e q uir e a m aj or e xt e n si o n 
of t h e m o d er n s y nt h e si s. D o e s e v ol u -
ti o n n e e d a m a k e o v er ?  

T h e a n s w e r i s n ot a si m pl e “ y e s ” 
or “ n o. ” M a n y a s p e ct s of pl a sti cit y fit 
c o mf o rt a bl y  wit hi n  e xi sti n g  e v ol u -
ti o n ar y t h e or y. F or e x a m pl e, b ot h t h e 
b u yi n g ti m e a n d pl a sti cit y-l e d e v ol u -
ti o n h y p ot h e s e s e nt ail s el e cti o n a ct-
i n g o n h erit a bl e p h e n ot y pi c v ari ati o n 
t h at aff e ct s fit n e s s, w hi c h i s t h e st a n-
d ar d m o d el of a d a pti v e e v ol uti o n t h at 
h a s h el d si n c e D ar wi n. I n d e e d, We st-  
E b e r h a r d  h a s  a r g u e d  t h at  pl a sti cit y 
m u st b e r e c o g ni z e d, al o n g wit h g e n e s, 
a s b ei n g c e ntr al t o a d a pti v e e v ol uti o n 
f or t hi s si m pl e r e a s o n: A d a pti v e e v o-
l uti o n r e q uir e s h erit a bl e c h a n g e s d u e 
t o  s el e cti o n;  s el e cti o n  r e q ui r e s  p h e-
n ot y pi c v ari ati o n; a n d all p h e n ot y pi c 
v ari ati o n i s g e n er at e d b y i n p ut s fr o m 
g e n e s a n d t h e e n vir o n m e nt. T h er ef or e, 
pl a sti cit y — d e v el o p m e nt al  r e s p o n -
si v e n e s s  t o  e n vi r o n m e nt al  i n p ut s —  
h a s l o n g b e e n p art of st a n d ar d e v ol u -
ti o n ar y t h e or y, e v e n if it i s n ot e x pli c-
itl y a c k n o wl e d g e d a s s u c h.

Ot h er a s p e ct s of pl a sti cit y d o n ot fit 
a s w ell wit hi n e xi sti n g e v ol uti o n a r y 
t h e o r y. F o r e m o st a m o n g t h e s e i s t h e 
tr a n s g e n er ati o n al pl a sti cit y d e s cri b e d 
i n t h e pr e vi o u s s e cti o n. O n t h e s urf a c e, 
t r a n s g e n e r ati o n al pl a sti cit y d o e s n ot 
a p p e ar t o vi ol at e a n y f u n d a m e nt al t e -
n et s of e v ol uti o n ar y bi ol o g y. Aft er all, 
D a r wi n’ s t h e o r y s a y s n ot hi n g a b o ut 
t h e m e c h a ni s m of i n h erit a n c e, b e c a u s e 
D ar wi n k n e w n ot hi n g of g e n e s. N e v er -
t h el e s s, D ar wi n w a s still a bl e t o d e v el-
o p a r o b u st t h e or y t h at h a s wit h st o o d 
t h e  t e st  of  ti m e  b e c a u s e,  a s  t h e  l at e 
e v ol uti o n a r y bi ol o gi st J o h n M a y n a r d 
S mit h e m p h a si z e d, a d a pti v e e v ol uti o n 
m er el y r e q uir e s t h at “li k e b e g et s li k e, ” 
r e g ar dl e s s of h o w t hi s pr o c e s s of i n h er -
it a n c e o c c ur s. Yet, if t h e e n vir o n m e nt 
of it s a n c e st o r s al s o s h a p e s a n i n di -
vi d u al’ s p h e n ot y p e – – a s w o ul d h a p p e n 
wit h  t r a n s g e n e r ati o n al  pl a sti cit y – –  
t h e n w e c a n n ot a s s u m e, a s m a n y of-
t e n d o, t h at t h e i n di vi d u al’ s d e v el o p-
m e nt al r e s p o n s e t o it s e n vir o n m e nt i s 
s cri pt e d b y it s g e n ot y p e.

E s s e nti all y,  k n o wl e d g e  of  pl a sti c -
it y  c a n  e n h a n c e  o u r  u n d e r st a n di n g  
of e v ol uti o n b y e m p h a si zi n g h o w t h e 
e n vi r o n m e nt  c a n  s el e ct  p h e n ot y pi c  
v ari ati o n a n d h el p g e n er at e t h at v ari a -
ti o n i n t h e fi r st pl a c e. C o n s e q u e ntl y, 

Pl a sti cit y-l e d e v ol uti o n h a s b e e n i m pli c at e d i n t h e ori gi n s of n u m er o u s n o v el f e at ur e s s u c h a s 
(cl o c k wi s e fr o m u p p er l eft ) nitr o g e n-fi xi n g c ell s i n c y a n o b a ct eri a, i n v a si v e n e s s i n s u nfl o w er s, 
t h e r attl e i n r attl e s n a k e s, a n d di sti n ct c a st e s i n a nt s. 

D a vi d Pf e n ni g; B o d o S c hi er e n /i m a g e B R O K E R / Al a m y St o c k P h ot o; Al e x Wil d; D a vi d Pf e n ni g

Pl a sti cit y mi g ht b e cr u ci al i n  

f o st eri n g e v ol uti o n ar y  

di v er si c ati o n a n d i n n o v ati o n.
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i n c o r p o r ati n g  pl a sti cit y  i nt o  e v ol u-
ti o n ar y t hi n ki n g m a y h el p ill u mi n at e 
a b r o a d e r a r r a y of e v ol uti o n a r y p h e -
n o m e n a. C o n si d er t h e f oll o wi n g t hr e e 
p h e n o m e n a.

Fi r st,  a s  o u r  r e s e a r c h  o n  s p a d e -
f o ot s h a s s h o w n, pl a sti cit y m a y h el p 
e x pl ai n  t h e  o ri gi n s  of  n o v el,  c o m -
pl e x f e at u r e s. Alt h o u g h n o v elt y c a n 
u n d o u bt e dl y ari s e vi a c h a n g e s i n t h e 
g e n o m e  s u c h  a s  m ut ati o n,  f e at u r e s  
i niti all y e x p r e s s e d t h r o u g h pl a sti cit y 
m a y b e e s p e ci all y li k el y t o u n d e r g o 
a d a pti v e r efi n e m e nt. T hi s i s b e c a u s e 
f e at ur e s i n d u c e d b y t h e e n vir o n m e nt 
ar e t y pi c all y e x pr e s s e d b y m a n y i n di -
vi d u al s si m ult a n e o u sl y, a n d t h e y a r e 
oft e n a s s o ci at e d wit h a n e n vir o n m e nt 
i n w hi c h t h e y ar e a d a pti v e. I n cr e a si n g 
e vi d e n c e s u g g e st s t h at n u m er o u s c o m -
pl e x t r ait s, r a n gi n g f r o m s p e ci ali z e d 
c ell s i n b a ct eri a t o di sti n ct c a st e s i n s o -
ci al i n s e ct s, m a y h a v e st art e d a s pl a sti c 
r e s p o n s e s, i n di c ati n g t h at t h e s e n o v el 
f e at ur e s h a v e ari s e n t hr o u g h pl a sti cit y-
l e d e v ol uti o n.

S e c o n d, pl a sti cit y m a y h el p e x pl ai n 
r a pi d e v ol uti o n ar y c h a n g e. Alt h o u g h 
e v ol uti o n ar y c h a n g e wr o u g ht b y m u -
t ati o n s c a n o c c ur r a pi dl y, t h e cir c u m-
st a n c e s f or t hi s ar e li mit e d: B e n efi ci al 
m ut ati o n s ar e s c ar c e, t h e y i niti all y af -
f e ct o nl y a si n gl e i n di vi d u al a n d it s 
i m m e di at e d e s c e n d a nt s, a n d t h er ef or e 
t h e y ar e oft e n sl o w t o s pr e a d t hr o u g h 
a  p o p ul ati o n.  B y  c o nt r a st,  f e at u r e s  
i n d u c e d  b y  t h e  e n vi r o n m e nt  h a v e  
c h ar a ct eri sti c s t h at p ot e nti all y h a st e n 
e v ol uti o n. A s w e h a v e s e e n, t h e y ar e 
t y pi c all y e x pr e s s e d i n m a n y i n di vi d u-
al s at o n c e, a n d t h e y ar e oft e n a s s o ci -
at e d wit h a n e n vi r o n m e nt i n w hi c h 
t h e y ar e b e n efi ci al. E s s e nti all y, pl a sti c-
it y m a y j u m p- st art e v ol uti o n. Pl a sti c-
it y’ s a bilit y t o h a st e n e v ol uti o n m a y 
b e c o m e i n cr e a si n gl y i m p ort a nt w h e n 
n at u r al  e n vi r o n m e nt s  a r e  c h a n gi n g  
e v er m or e r a pi dl y b e c a u s e of c h a n g e s 
wr o u g ht b y h u m a n s.

Fi n all y, pl a sti cit y c a n h el p e x pl ai n 
a p er v a si v e p att er n a m o n g f o s sil a n d 
li vi n g or g a ni s m s: c o n ver ge nt e v ol uti o n , 
w h er e si mil ar f e at ur e s e v ol v e i n d e p e n -
d e ntl y i n diff er e nt e v ol uti o n ar y li n e a g -
e s ( s u c h a s d ol p hi n s a n d s h ar k s). S u c h 
c o n v e r g e n c e  i s  g e n e r all y  a s s u m e d  
t o a ri s e w h e n si mil a r s el e cti o n p r e s-
s u r e s a cti n g o n r a n d o ml y g e n e r at e d 
m ut ati o n s  p r o d u c e  si mil a r  f e at u r e s. 
H o w e v e r, u n r el at e d o r g a ni s m s e x p e -
ri e n ci n g si mil a r e n vi r o n m e nt s oft e n 
pr o d u c e si mil ar f e at ur e s t hr o u g h pl a s -
ti cit y. F or e x a m pl e, i n r e s p o n s e t o l o w 

li g ht l e v el s, m a n y pl a nt s p e ci e s f a c ul-
t ati v el y pr o d u c e br o a d er l e a v e s, a n d i n 
r e s p o n s e t o e ati n g m e at, m a n y a ni m al s 
f a c ult ati v el y pr o d u c e a s h ort er g ut. If 
t h e s e i n d u c e d t r ait s u n d e r g o g e n eti c 
a s si mil ati o n, t h e r e s ult w o ul d b e c o n -
v e r g e nt  e v ol uti o n.  C o n si st e nt  wit h  
t hi s h y p ot h e si s, a m o n g s e v er al gr o u p s 
e x hi biti n g c o n v e r g e nt e v ol uti o n, t h e 
tr ait s s u bj e ct t o c o n v er g e nt e v ol uti o n 
a r e  pl a sti c  i n  cl o s e  r el ati v e s.  T h u s,  
e v ol uti o n m a y oft e n, b ut n ot al w a y s, 
pr o c e e d t hr o u g h g e n eti c c h a n g e s t h at 
st a bili z e w h at w er e i niti all y pl a sti c r e -
s p o n s e s t o p r o d u c e a p att e r n of c o n -
v er g e nt e v ol uti o n.

A br o a d er u n d er st a n di n g of p h e n o -
t y pi c pl a sti cit y will aff e ct all of bi ol-
o g y, a s it will r e q uir e t h at r e s e ar c h er s 
c o nfr o nt t w o c o m pl e xiti e s of bi ol o gi -
c al s y st e m s t h at bi ol o gi st s  oft e n  i g -
n o r e:  t h at  m o st  t r ait s  e m e r g e  f r o m  
t h e i nt er pl a y of a n i n di vi d u al’ s g e n e s 
wit h it s e n vir o n m e nt, a n d t h at p h e n o -
t y pi c fl e xi bilit y i s t h e r ul e r at h er t h a n 
t h e e x c e pti o n. Gr e at er a p pr e ci ati o n of 
t hi s i m p o rt a nt b ut f r e q u e ntl y mi s u n-
d e r st o o d  p h e n o m e n o n  p r o mi s e s  t o  
pr o vi d e f ar-r e a c hi n g n e w i n si g ht s i nt o 
n ot o nl y e v ol uti o n ar y bi ol o g y b ut al s o 

fi el d s a s di v er s e a s t h e bi o m e di c al s ci-
e n c e s a n d c o n s er v ati o n bi ol o g y. 

Bi bli o gr a p h y
B o n d uri a n s k y, R., a n d T. D a y. 2 0 1 8. E xte n de d 

Here dit y: A Ne w U n derst a n di n g of I n herit a n ce 
a n d E v ol uti o n . Pri n c et o n, N e w J er s e y: Pri n c-
et o n U ni v er sit y Pr e s s. 

L e vi s, N. A., A. I s d a n e r, a n d D. W. Pf e n ni g. 
2 0 1 8. M or p h ol o gi c al n o v elt y e m er g e s fr o m 
p r e- e xi sti n g p h e n ot y pi c pl a sti cit y. N at u re 
E c ol o g y & E v ol uti o n  2: 1 2 8 9 – 1 2 9 7. 

Pf e n ni g, D. W., e d. 2 0 2 1. P h e n ot y pi c Pl a sti c -
it y a n d E v ol uti o n: C a uses, C o nse q ue n ces, C o n-
tr o versies. B o c a R at o n, Fl ori d a: C R C Pr e s s. 
htt p s: / / w w w.t a yl orfr a n ci s. c o m / b o o k s / o a  
- e dit / 1 0. 1 2 0 1 / 9 7 8 0 4 2 9 3 4 3 0 0 1 / p h e n ot y pi c 
- pl a sti cit y- e v ol uti o n- d a vi d- pf e n ni g

We st- E b er h ar d, M. J. 2 0 0 3. De vel o p me nt al Pl as -
ti cit y a n d E v ol uti o n. N e w Y or k: O xf or d U ni-
v er sit y Pr e s s.

D a vi d Pfe n ni g is a pr ofess or of bi ol o g y at t he U ni -
versit y of N ort h C ar oli n a, C h a pel Hill, a n d a Si g m a 
Xi Disti n g uis he d Lect urer. He is t he a ut h or ( wit h 
K a ri n  Pf e n ni g)  of E v ol uti o n’ s W e d g e ( 2 0 1 2) 
a n d e dit or of P h e n ot y pi c Pl a sti cit y a n d E v ol u -
ti o n ( 2 0 2 1). Hi s w o r k h a s b e e n f e at u re d o n t h e 
N ati o n al Ge o gr a p hi c C h a n nel, o n t he B B C/ P B S’s 
N at ure series, a n d i n t he N e w Y or k Ti m e s , N e w s -
w e e k , N ati o n al G e o gr a p hi c , S ci e ntifi c A m eri -
c a n , N e w S ci e nti st , a n d Di s c o v er,  a m o n g ot her 
p u blic ati o ns. E m ail: d pfe n ni g @ u nc.e d u

P r e di c ti n g e v ol u ti o n a r y r e s p o n s e s t o cli m a t e c h a n g e.  Pl as-

ti cit y m a y h el p d et er mi n e w hi c h s p e ci es will “ wi n ” a n d w hi c h will 

“l os e ” u n d er a nt hr o p o g e ni c e n vir o n m e nt al c h a n g e.

O p ti mi zi n g a g ri c ul t u r al yi el d s.  I n d e v el o pi n g cr o ps, o n e m ust 

k n o w h o w t o r e d u c e pl asti cit y t o e ns ur e t h at t h e s a m e cr o p 

pr o d u c es hi g h yi el ds i n diff er e nt r e gi o ns e x p eri e n ci n g diff er e nt 

e n vir o n m e nts.

U n d e r s t a n di n g t h e c a u s e s o f n o n h e ri t a bl e bi r t h d e f e c t s 

( t e r a t o g e n s) i n b o t h h u m a n s a n d n o n h u m a n a ni m al s.  C h a n g-

es i n t h e e n vir o n m e nt c a n disr u pt d e v el o p m e nt. It is esti m at e d t h at 

2 p er c e nt t o 5 p er c e nt of h u m a n i nf a nts ar e b or n wit h a n a n at o mi -

c al a b n or m alit y, as ar e a n i n cr e asi n g n u m b er of ot h er a ni m als. 

M a n y s u c h a b n or m aliti es ar e tri g g er e d b y e n vir o n m e nt al f a ct ors.

Cl a ri f yi n g t h e e v ol u ti o n a r y c a u s e s o f n u t ri ti o n- r el a t e d 

di s e a s e i n h u m a n s.  N utriti o n-i n d u c e d pl asti cit y is c o m m o n i n 

h u m a ns, a n d it c a n l e a d t o o b esit y a n d o b esit y-r el at e d dis e as es. 

T h e m ost d a n g er o us f or m is e x a g g er at e d d e v el o p m e nt of vis c er al 

a di p os e tiss u e ( V A T). S o m e h a v e s u g g est e d t h at s el e cti o n f a v or e d 

i n cr e as e d i n v est m e nt i n V A T i n i n di vi d u als w h o w er e f o o d d e-

pri v e d w h e n y o u n g as a d a pti v e a nti ci p at or y pl asti cit y t o miti g at e 

m al n o uris h m e nt i n a d ult h o o d.

U n d e r s t a n di n g t h e h u m a n b r ai n.  I n r es p o ns e t o c h a n g es i n 

t h e e n vir o n m e nt, br ai ns c a n r e wir e s y n a pti c i nt er a cti o ns. S u c h 

n e ur o pl asti cit y c a n e v e n all o w n e ur o ns t o c o m p e ns at e f or i nj ur y 

a n d dis e as e.

Pr a cti c al A p pli c ati o n s of P h e n ot y pi c Pl a sti cit y
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