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We were encouraged to see Hoffmann et al. (2020) provide a clar-
ifying treatment of the numerous genetic-based strategies used in 
conservation (e.g. genetic recue, evolutionary rescue, genetic prov-
enancing and hybridization). The authors contend that there is no 
silver bullet technique to restore populations. Rather, the choice 
of strategy should consider how its implementation will affect ge-
netic variation, which is best viewed along a continuum of diver-
gence between donor and recipient populations. We could not agree 
more, and indeed advocated similar tack one year earlier when we 

published a conceptual framework and synthesis on the topic (Derry 
et al., 2019). We believe the two papers provide complementary 
insights that will best advance the field by contrasting their main 
differences here.

Both papers framed strategies in terms of meeting short-term 
versus long-term adaptation targets of genetic variation, which we 
referred to as managing for ‘adaptive state’ versus ‘adaptive process’. 
A key difference, however, was our use of quantitative meta-anal-
ysis to evaluate effectiveness of different conservation strategies; 
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Abstract
When restoring gene flow for conservation management, genetic variation should 
be viewed along a continuum of genetic divergence between donor and recipient 
populations. On the one hand, maintaining local adaptation (low divergence between 
donors and recipients) can enhance conservation success in the short term. On the 
other hand, reducing local adaptation in the short term by increasing genetic diversity 
(high divergence between some donors and recipients) might have better long-term 
success in the face of changing environmental conditions. Both Hoffman et al. (2020) 
and a paper we previously published in a Special Issue on Maladaptation in Applied 
Conservation (Derry et al., 2019) provide frameworks and syntheses for how best to 
apply conservation strategies in light of genetic variation and adaptation. A key dif-
ference between these two studies was that whereas Derry et al. (2019) performed 
a quantitative meta-analysis, Hoffman et al. (2020) relied on case studies and theo-
retical considerations, yielding slightly different conclusions. We here provide a sum-
mary of the two studies and contrast of the main similarities and differences between 
them, while highlighting terminology used to describe and explain main concepts.

K E Y W O R D S

adaptation, conservation, evolutionary rescue, genetic rescue, genetic variation, 
maladaptation

www.wileyonlinelibrary.com/journal/eva
mailto:﻿
https://orcid.org/0000-0002-9844-304X
https://orcid.org/0000-0001-5768-8027
https://orcid.org/0000-0001-6119-1363
http://creativecommons.org/licenses/by/4.0/
mailto:ecrispo@pace.edu


1214  |     COMMENTARY

TA
B

LE
 1

 
C

on
se

rv
at

io
n 

st
ra

te
gi

es
 d

es
cr

ib
ed

 a
nd

 d
ef

in
ed

 in
 D

er
ry

 e
t a

l. 
(2

01
9)

 a
nd

 H
of

fm
an

n 
et

 a
l. 

(2
02

0)
, o

rd
er

ed
 a

lo
ng

 a
 g

ra
di

en
t o

f g
en

et
ic

 m
ix

in
g 

fr
om

 lo
w

 (c
on

se
rv

in
g 

ad
ap

tiv
e 

st
at

e)
 

to
 h

ig
h 

(c
on

se
rv

in
g 

ad
ap

tiv
e 

pr
oc

es
s)

Co
ns

er
va

tio
n 

st
ra

te
gy

D
ef

in
ed

 in
 D

er
ry

 
et

 a
l. 

(2
01

9)
D

ef
in

ed
 in

 H
of

fm
an

n 
et

 a
l. 

(2
02

0)
D

ef
in

iti
on

St
at

e 
or

 p
ro

ce
ss

N
ot

e

A
ss

is
te

d 
m

ig
ra

tio
n

Ye
s

N
o

M
ov

in
g 

in
di

vi
du

al
s 

to
 a

 m
or

e 
su

ita
bl

e 
lo

ca
tio

n
St

at
e

M
at

ch
es

 p
he

no
ty

pe
 a

nd
 e

nv
iro

nm
en

t

D
em

og
ra

ph
ic

 re
sc

ue
Ye

s
N

o
St

oc
ki

ng
 in

di
vi

du
al

s 
to

 in
cr

ea
se

 
po

pu
la

tio
n 

si
ze

St
at

e
Tr

ad
iti

on
al

ly
 ig

no
re

s 
ge

ne
tic

 d
iv

er
si

ty

G
en

et
ic

 re
sc

ue
Ye

s
Ye

s
M

as
ki

ng
 d

el
et

er
io

us
 re

ce
ss

iv
e 

al
le

le
s 

an
d 

re
du

ci
ng

 in
br

ee
di

ng
St

at
e

C
an

 in
cr

ea
se

 e
vo

lu
tio

na
ry

 p
ot

en
tia

l 
by

 in
cr

ea
si

ng
 g

en
et

ic
 d

iv
er

si
ty

G
en

ot
yp

e 
pr

ov
en

an
ci

ng
N

o
Ye

s
M

at
ch

in
g 

ph
en

ot
yp

es
 a

nd
 

en
vi

ro
nm

en
ts

 s
o 

th
at

 
po

pu
la

tio
ns

 a
re

 a
t t

he
ir 

ph
en

ot
yp

ic
 o

pt
im

a

St
at

e 
or

 p
ro

ce
ss

 (d
ep

en
ds

 o
n 

w
he

th
er

 
ch

oo
si

ng
 to

 re
st

or
e 

po
pu

la
tio

n 
w

ith
 

ge
no

ty
pe

s/
 p

he
no

ty
pe

s 
si

m
ila

r t
o 

or
 

di
ff

er
en

t f
ro

m
 th

os
e 

al
re

ad
y 

pr
es

en
t)

Sh
ar

es
 s

im
ila

rit
ie

s 
w

ith
 a

ss
is

te
d 

m
ig

ra
tio

n 
an

d 
de

m
og

ra
ph

ic
 re

sc
ue

Tr
an

sg
en

er
at

io
na

l p
la

st
ic

ity
/

ac
cl

im
at

iz
at

io
n

Ye
s

N
o

In
du

ci
ng

 h
er

ita
bl

e 
ph

en
ot

yp
es

 
in

 la
bo

ra
to

ry
/h

at
ch

er
y 

se
tt

in
g

Pr
oc

es
s

C
re

at
es

 v
ar

ia
tio

n 
no

t p
re

vi
ou

sl
y 

en
co

un
te

re
d

Ev
ol

ut
io

na
ry

 re
sc

ue
Ye

s
Ye

s
In

cr
ea

si
ng

 g
en

et
ic

 v
ar

ia
tio

n 
up

on
 w

hi
ch

 s
el

ec
tio

n 
ca

n 
ac

t
Pr

oc
es

s
In

cr
ea

se
s 

th
e 

de
vi

at
io

n 
in

 
ph

en
ot

yp
es

 fr
om

 th
e 

op
tim

um
 in

 
th

e 
po

pu
la

tio
n;

 fo
cu

ss
es

 o
n 

lo
ng

-
te

rm
 p

ot
en

tia
l

In
te

rs
pe

ci
fic

 h
yb

rid
iz

at
io

n
Ye

s
Ye

s
C

re
at

in
g 

no
ve

l g
en

ot
yp

es
 b

y 
cr

os
si

ng
 s

pe
ci

es
Pr

oc
es

s
C

an
 le

ad
 to

 b
re

ak
do

w
n 

of
 c

oa
da

pt
ed

 
ge

ne
 c

om
pl

ex
es

; s
uc

ce
ss

 m
ig

ht
 v

ar
y 

w
ith

 g
en

er
at

io
n 

(F
1,

 F
2,

 F
3…

)

G
en

om
ic

 s
el

ec
tio

n
N

ot
 s

pe
ci

fic
al

ly
, 

bu
t w

e 
di

sc
us

s 
m

ol
ec

ul
ar

 to
ol

s 
in

 
Bo

x 
1 

of
 D

er
ry

 e
t a

l. 
(2

01
9)

Ye
s

U
si

ng
 g

en
om

ic
 to

ol
s 

to
 id

en
tif

y 
hi

gh
 fi

tn
es

s 
ge

no
ty

pe
s

Pr
oc

es
s

C
on

si
de

re
d 

a 
pr

oc
es

s 
be

ca
us

e 
it 

al
te

rs
 g

en
et

ic
 m

ak
e-

up
 o

f a
 

po
pu

la
tio

n 
bu

t d
oe

s 
no

t f
oc

us
 o

n 
lo

ng
-t

er
m

 c
ha

ng
e

A
lle

le
 m

od
ifi

ca
tio

n/
ge

ne
tic

 
en

gi
ne

er
in

g
Ye

s 
(g

en
et

ic
 

en
gi

ne
er

in
g 

in
 B

ox
 2

 
of

 D
er

ry
 e

t a
l. 

20
19

)

Ye
s 

(a
lle

le
 

m
od

ifi
ca

tio
n)

U
si

ng
 b

io
te

ch
no

lo
gy

 to
 d

ire
ct

ly
 

al
te

r g
en

et
ic

 m
ak

e-
up

 o
f 

in
di

vi
du

al
s

Pr
oc

es
s

C
re

at
es

 n
ov

el
 g

en
et

ic
 v

ar
ia

tio
n 

bu
t 

do
es

 n
ot

 in
cr

ea
se

 g
en

et
ic

 d
iv

er
si

ty
 

in
 a

 p
op

ul
at

io
n

Sp
ec

ie
s 

re
pl

ac
em

en
t

N
o

Ye
s

Re
pl

ac
in

g 
on

e 
sp

ec
ie

s 
w

ith
 a

 
fu

nc
tio

na
lly

 s
im

ila
r o

ne
 in

 th
e 

co
m

m
un

ity

N
ei

th
er

M
ai

nt
ai

ns
 th

e 
st

at
e 

of
 th

e 
ec

os
ys

te
m

 
bu

t d
oe

s 
no

t c
on

se
rv

e 
in

di
vi

du
al

 
sp

ec
ie

s



     |  1215COMMENTARY

Hoffmann et al. (2020) relied on case-study narratives. Both papers 
define and contrast different conservation strategies used for popu-
lation management, which Hoffmann et al. (2020) call different ‘ge-
netic mixing strategies’ (table 1 in Hoffmann et al., 2020) and which 
we placed on a gradient of adaptive divergence between recipient 
and donor populations (figure 1b in Derry et al., 2019). Our gradient 
spans from strategies that have traditionally ignored genetic vari-
ation to those that leverage it for success; Hoffmann et al. (2020) 
focused only on the latter. We here present a combined list of strate-
gies to provide a bridge of continuity of terms and concepts between 
the two papers (Table 1).

One contrast between conclusions is that we found that genetic 
and evolutionary rescue tended to increase fitness across multiple 
generations relative to immediately after conservation intervention 
(figure 2 in Derry et al., 2019). Hoffmann et al. (2020) claim that fit-
ness benefits of these strategies were more likely to occur in the 
F1 and F2 generations than in later generations, but that this effect 
should depend on the history of recipient population size (table 2 
in Hoffmann et al., 2020). This discrepancy highlights how different 
methodologies (quantitative analysis vs. case study and theoretical 
approaches) can yield different conclusions, and the importance of 
considering nuances of individual systems.

Importantly, Hoffmann et al. (2020) point out that the value of 
increasing genetic diversity in the recipient population should in-
crease with both the degree of environmental change and the size 
of the recipient/target populations (figure 4 in Hoffmann et al., 
2020). We expect, though, that the importance of genetic diver-
sity in relation to population size and environmental change would 
not be linear, as depicted in figure 4 of Hoffmann et al. (2020), and 
instead, the slope would be steepest at the smallest population 
sizes. The reasoning is that genetic drift plays a larger role in small 
populations (Lande, 1988; Nei & Tajima, 1981) whereas selection 
is more efficient in large populations (Ellstrand & Elam, 1993; 
Falconer & MacKay, 1996; Frankham et al., 2010; Lande, 1988; 
Willi et al., 2006); further empirical research, however, is needed 
on small and isolated populations to understand their adaptive 
potential in response to selection (Hoffmann et al., 2017; Wood 
et al., 2016).

In conclusion, we hope that the frameworks of genetic mixing 
along a gradient generated in Derry et al. (2019) and Hoffmann et al. 
(2020) will be considered and implemented in many empirical sys-
tems in relation to conservation scenarios. An evolutionary focus 
in conservation management will be increasingly important as hu-
man-induced changes to our natural world continue to expand at a 
rapid rate.
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