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 evolutionary lag (or lag load)
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trait mean and its optimum
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Maynard Smith (1976)
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life history and environmental
change

* how do stage structure and clonal
reproduction affect a population’s ability to
track change”?




stage structure and clonality
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Combining phenotypic evolution
and stage-structured life histories

* evolution in stage-structured populations
Barfield et al. (2011)

— multivariate phenotypic trait
z= (21,23 2n)"

Z=g+e
— N; = number of individuals for each stage 7

— p;(g,z) = joint probability density function
(PDF) for g and z of stage i



simple age-structured life history graph
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stage-structured life history graph
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sexual reproduction




clonal reproduction



Explicitly considering clonal
reproduction

 three types of movements

N; —ENaU zN(tu‘l'fu‘l'Cu)

ZNtU+ZNfU+ZNCU =T, + F/ + C]

t;; = transition from stage j to stage i
fi; = sexual reproduction from stage j to stage i

¢;; = clonal reproduction from stage j to stage i



phenotypic evolution
z = phenotypic trait

z=g+e

g = additive genetic factor

e = non-additive genetic
+ random environmental factor



Two key aspects of clonal
reproduction

* somatic mutation
— can be incorporated clonally into next generation
— mapping parental genotype g* to offspring genotype g

« environmental component of phenotype, e
— non-additive genetic variance + environmental deviation
— mapping z = g + e for clonal offspring
— correlation between e and e* (p, association parameter)



p = association between e in parent and clonal
offspring

p closeto O

Joerg Hauke/Getty Imagés

p close to 1




Discrete time model

* change in population size

N; = ZN]-EU +Zlvjfij +ZN]-EU =T, + F;, + (]
j j j

* change in joint probability density function
(PDFs) of genotype and phenotype

, T F, C!
(g z) = 0,(g Z)ﬁ, + ¢; (g, Z)Vl{ + k; (g, Z)Vl{

i



Discrete time model

* change in population size

N; = ZN]-EU +Zlvjfij +ZN]-EU =T, + F;, + (]
j j j

* change in joint probability density function
(PDFs) of genotype and phenotype

, T! F! C!
pi(g2) = 0i(8 1) 1 + $i(8 D) 7 +(i(8 )y

l l l



Clonal offspring joint PDF
k; (g,z) = CL'E Njf f Sii(9,219",2") ¢;j(z") p;(g",2") dg” dz’

Sii(g’zm*’z*) — joint PDF of stage i clonal offspring
with genotype g and phenotype z
given parent genotype g* and
phenotype z* for stage j parents

Sii(gyzlg*; Z*) = S”(glg*, Z*)Sii(zlg' g*, Z*)

= S;;(9199S:;(zl9.9", z")



Determining genotype — including
somatic mutation

* clonal offspring genotype from parental
genotype

g=m+g
g-g =m

» PDF of genotype for clonal offspring

1

1
$i;(glg™) = exp [—5 (9 -9 Vuijg - g*)]
\/(Zﬂ)det (VM,ij)
fn=2  Vy= ’ o*(my)  Cov(my,my)
Cov(m;,my)  0°(my)



Determining phenotype

* mapping phenotype
z=g+e
Z—g=e¢e

» vector of association parameters, p;

— give association between e for a stage / clonal
offspring and e* for its stage j parent

 for a particular variable of the multivariate
trait, z,

er = Prer + \/(1 — PV i €




Determining phenotype

* PDF of phenotype for clonal offspring

1
\/ 2m)™ det(VER’ij)

Sij(z19,9".2") =

X exp [—% [(z— 9) — R(z" — g")]"Vgril(z — g) —R(z" — g")]




Recursions for genotypic and
phenotypic means

* change in genotypic mean

g = ﬂg p; (g, z) dgdz




recursions for phenotypic and genotypic

means

=), [(dt +RAf)Z;+ (4, + 1 -R)dj)g,

Ly
(PV i+ GV, fiy+ RP;V, ¢+ (1— R)GjVchij)]

zd” g+ z dij G;j Vz; Ina;

P; = phenotypic covariance matrix

G; = additive genetic covariance matrix
C_lij — t_'ij +ﬁj + Eij

di; = ai;N;/ Ny

sz =(6/6Z_1,5/az_2,-~-

ditj — fiJ'NJ'/Ni" d{,- = fiij/Ni" dicj — Eifl\/f/Ni’
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recursions for phenotypic and genotypic
means

zZ, = Z,- [(ditj (d/ +(1-R)d)g;
dij/ ] > _
+=L(PV, B+ GV, (- R)GjVchij)]

tj
g: = Edij gj + z dij Gj ij lnﬁi-
- J
J

P; = phenotypic covariance matrix V., =(0/02,,0/02,,+,0/0 zy)"
G; = additive genetic covariance matrix p1 0 o 0]

aij =ty + fij + ¢ R= O & O

d;j = a;jN;/N{ i 0 Pm]

ditj — fiij/Ni" d{,- = ﬁjl\,j/Ni,' dicj — Eifl\/f/Ni’



recursions for phenotypic and genotypic

means
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recursions for phenotypic and genotypic
means

Z, = 2]_ [(ditj +Rdf)z; + (df, + (1 —R)df)g,;
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- J
J

P; = phenotypic covariance matrix V., =(0/02,,0/02,,+,0/0 zy)"
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recursions for phenotypic and genotypic

means
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recursions for phenotypic and genotypic

means
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recursions for phenotypic and genotypic
means

Z, = 2]_ [(ditj +Rd{)z; + (df, + 0 —R)df)g;

d.

ij _ - _ —
+ E(P iVz,tij + GV, fij + R PV, 0+ (1= R)GJVZJCU)]

j
P; = phenotypic covariance matrix V., =(0/02,,0/02,,+,0/0 zy)"
G; = additive genetic covariance matrix p1 0 o 0]
_ - o, = 0
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Simple life history

t(c+f)

@ clonal and sexual reproduction

(z, — 0)?
(2w?)
amount of clonal reproduction 1. =c/(f +¢)

selection on survival probability ¢ = exp |-

60—z
02

Az = (1 o TCP)(Q_ _ Z_) + {TC,DP + (1 o TC:D)G}

60—z

2

AG =G

w



analytical results — effect of clonality
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Life history
with stage structure

(N1)’ _ ( 0 ¢ +f12) (N1)
N, tr1 (Y] N,



Life history with stage structure

selection on juvenile survival

— tr1 =t Xp |— (.~ )
t 21 — maxe p (sz)
t22
Te = C12/(C12 +f12)

z, =1.p(Z, — 32) + G2

A | S [z -)+p(9_21)]
2T t,1 Ny + t52N, Sl R '\ w?

. S (g -)+c(9_z_1)]
g2 = 92 t;1N1 + t52 N, 21|\ T 92 "\ w?



analytical results — increased adult survival
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Orive et al. (2017) AmNat
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loss of demographic advantage of increased
adult survival
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evolutionary lag in clonal
organisms

 analytical results

— clonality (r, o> 0) and adult survival (stage
structure) both slow approach to equilibrium
phenotype

— but both also reduce both extent and duration of
population size decrease

« demographic advantage



Individual-based simulations

single polygenic trait z

— n = 10 loci, additive allelic effects

e normally distributed, mean 0O, variance 1

Hg = 100

relative amounts of clonal reproduction, r, = c/(c + f)
association parameter, p

change in optimum phenotype

— one-step change

— continuous, linear change

Burger & Lynch (1995), Holt et al. (2003)



One-step change in optimal phenotype

clonal reproduction r,  association parameter p
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loss of demographic advantage of increased
adult survival

decreased fecundity (f)
with increased adult survival (t,,)
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one-step change in optimal
phenotype

 greater population persistence with
more clonal reproduction (r,) and higher
environmental component association

(0)

—standing genotypic variation



one-step change in optimal
phenotype

 stage structure increases probability of
population persistence

—demographic advantage



continuous change in optimal phenotype
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continuous, linear change in
optimal phenotype

» decreased persistence and greater lag with
more clonal reproduction, higher p

—de novo genotypic variation



continuous, linear change in
optimal phenotype

 stage structure decreases persistence and
iIncreases lag

—Increased generation time

—decreased N, of component of population
experiencing phenotypic selection

— maladaptive “gene flow through time”



evolutionary lag in clonal
organisms

* how will clonal organisms respond under
rapid environmental change?



evolutionary lag in clonal
organisms

* how will clonal organisms respond under
rapid environmental change?

 scale of change — whether population experiences
that change as a single transition or not



evolutionary lag in clonal
organisms

* how will clonal organisms respond under
rapid environmental change?

« amount of phenotypic matching between organisms
and their clonal offspring



evolutionary lag in clonal
organisms

* how will clonal organisms respond under
rapid environmental change?

« existence of stage structured life histories
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continuous change in optimal phenotype

varying relative amounts of sexual and clonal reproduction, r,

“equal” sexual and clonal offspring
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