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Overview

@ Introduction to evolutionary food web models

® The impact of temperature on food web structure and stability

©® Robustness checks

O Work in progress
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What is an evolutionary food web model?

Initialize network

!

———— Add new morph

}

l/ Population dynamics —l

New morph Others All morphs
goes extinct go extinct survive
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Introduction to evolutionary food web models

A famous example based only on body masses...

Korinna T Allhoff (UPMC Paris)

Evolutionary emergence of size-structured food webs

Nicolas Logullle* and Michel Loreau

Laboratolrs @Ecologla, rits Micts ds Rocharchs 7625, Eeols Nommals Supérioure, 45 Rua d'Ulm, F-75230 Pars, Codax 5, France

sczod by Simen A. Lovin, . Princaton, A,
Exphaining the structure of terestrial and aquatic food webs

y-
Mest existir 2 such
st diversity and connectance s parameters, to determine other
foodw eb descriptors. Lowerdevel processes, in particular adapta-
fion (whether by behavioral, developmentsl, or evolutionary
mechanisms), are usually not considered. Here, we show that
complex, realistic food webs may emerge by ewolution from 3
estar based an very simple ecological and evolut
el sdaptation acts 22, whose impacton
esabli

Based on parsmeters defined at the orgsnism scale, the model
pr properties at the . Vari iations of
twa

intensity) sllow very different food-web structures and function-
ings to emerge, which are similarto those observed in some of the
best-documented food webs.

earch 10, 2005 12, 2000

metabolism is measured per unit mass (mass-specific metabolic
raie) (13). Hesause of whis allomeric relaton, it & possible 10
correlaie body size and a number of life-history traits of organ-
isms, thereby making a link berween organismic and commisnity
scales (13, 14). We modeled the population dynamics of species
& with biomass A; and body size x by

. .
- M‘!u.ﬁyu. =~ 5, = mix) = Sail, - 5)¥,

n

where the x are ranked by increasiag values, fiz,) is the produc-
tion efficiency of specics i and m(x) s its mass-specific monality
raie. Decause these two parameciers are relawed direaly w0

lex | Y i | food-
web structure.

mmgn prevailing food-web models, such as the cascade
model (1. 2), the niche model (3), and the more recent
nested-hicrarchy model (4), are able 10 describe food-web siruc-
wze satisfuctorily, they fif 1o provide clear mechanisms explain-
ing how 1his siructure emerges. There are two seasoas for this
shoncoming. First, these models are parametcrized by using
some emergent propertics of ahicllui imxl webs. (usuilly dr
versity and <), althoug du s
lower-level processes. Second, ey L'ulslch.! only binary food
webs in which species and trophic links are cither present o
abseat, but are not quantificd. The dynamical aspn.u of food

webs, link; ion dynamics and eSes,
zlmwgh uhlqmmn ecosyswems (S). are :%m from these
theoretical susdies.

korinna.allhoff@upmec.fr

meabolic raie, they are asumed 19 l!cpma aa
hody;m (IJ) fu,) = [0 and mix) = mox
x7) desri

by pmJ.aun i nn It s assumed 10 be @ Gaussian funciion
wnll standard deviauon s and a maximum valuc when the body
sizes of the predator and the prey ase separated by a distance d
as follows:

¥
~a- e

with £, > x (Fig. 1). The choice of this type of function is hased

on the idea that, for a predaor of a given size, cacrgy gains

should increase with its prey body size, whercas the prabability

of such successful anacks should decrease with the prey bady

size. As a result, v size should then be optimum al an
valu
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and another example based on three traits

www.nature.com/scientificreports

SCIENTIFIC REP{?RTS

OPEN Evolutionary food web model
based on body masses gives
realistic networks with permanent

TLLITIT species turnover

Publshed: oy June 3015
K.T. Allhoff, D. Ritterskamp?, B.C. RalF, B. Drossel* & C. Guill

The networks of predator-prey interactions in ecological systems are remarkably complex, but
revertheless surprisingly stable n terms oflang term persistence of the system as 2 whale. In

order to driving the ity and stability of such food webs, we
developed an eco-evolutionary model in which new species emerge as modifications of existing ones
and dynamic ecological i i det: ine which i viable. The food

thereby emerges from the dynamical interplay between speciation and trophic interactions. The
proposed madel is less abstract than earlier evolutionary food web models in the sense that all three
evolving traits have a clear biological meaning, namely the average body mass of the individuals, the
preferred prey body mass, and the width of their potential prey body mass spectrum. We observed
networks with a wide range of sizes and structures and high similarity to natural food webs. The
model networks exhibit a continuous species tumover, but massive extinction waves that affect more
than 5% of the network are not chserved.
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The evolutionary algorithm

Initialize network c m
—> Add new morph _
‘ A log(Body mass)
f Population dynamics —l
New morph Others All morphs
goes extinct go extinct survive
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The evolutionary algorithm

Initialize network
4»' Add new morph I _

‘ A log(Body mass)
f Population dynamics —l
New morph Others All morphs
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The evolutionary algorithm

Initialize network

!

—> Add new morph _
i A log(Body mass)
Population dynamics
! d;
New morph Others All morphs dt = Z (63’7 B aji) Bi Bj
goes extinct go extinct survive j
—diBi =) cuB;Bx
k=1
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Examplary simulation run
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Overview

@ Introduction to evolutionary food web models

® The impact of temperature on food web structure and stability

©® Robustness checks

O Work in progress

Korinna T Allhoff (UPMC Paris) korinna.allhoff@upmec.fr September 2016 13 /28



The impact of temperature on food web structure and stability VEES Pariy

The Arrhenius equation

e Morph i's respiration and mortality rate

Eact - (T — To)>

di(T) x exp <+ KT,
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The Arrhenius equation

e Morph i's respiration and mortality rate

Eact - (T — To)>

di(T) x exp <+ KT,

e Resource growth rate

Eact - (T — To))

R(T) o exp <+ KTTo

e Resource carrying capacity

Eact - (T — To))

K(T) o exp (— KT,
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The Arrhenius equation

0.5
e Morph i's respiration and mortality rate

Eact : (T - TO)
kTTy

0.45
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Respiration rate

0.35

di(T) x exp <+

e Resource growth rate

Eact ' (T - TO)
kTTy

Resource growth rate

R(T) o exp <+

e Resource carrying capacity

Eact - (T — To))

Carrying capacity

kTTo
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Temperature [K]

K(T) x exp <_
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Prediction: Higher temperatures lead to...

0.5
o ...fewer trophic levels! 045
0.4

0.35

Respiration rate

e ...more biomass accumulation!

Resource growth rate

e (...less biomass accumulation?)

Carrying capacity
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Temperature [K]
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Simulations with T=280 K and T=300 K
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Results 1/3:
Temperature dependent network size

Simulation results Coefficient of variation

@ 40 03 total
s 3 0.25
g 30
s 25 02
. 20 0.15

15
€ 0.1
5 10
Z 5 0.05

0 0
, 10 2 I
< Il .
g 12 \ % 1 i 15 TL3
£ 10 / [ 19 A AL I B TL4
£ NV A 1 s ——
> 6 \N/ l am|
Qo i
E 4 05
z 2 NFAL P \F NN/

0 0

275 280 285 290 295 300 275 280 285 290 295 300
Temperature [K] Temperature [K]

Korinna T Allhoff (UPMC Paris) korinna.allhoff@upmec.fr September 2016 17 / 28



The impact of temperature on food web structure and stability VEES Pariy

Results 2/3:
Temperature dependent biomass accumulation

Simulation results Coefficient of variation
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Results 3/3:
Temperature dependent trait values

T 1+ = body mass |
T 1 = vertical diversity |

Edeline et al. "Ecological emergence of thermal clines in
body size.” Global Change Biology (2013) 19, 30623068
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Results 3/3:
Temperature dependent trait values
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Overview

@ Introduction to evolutionary food web models

® The impact of temperature on food web structure and stability

©® Robustness checks

O Work in progress
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Robustness checks

h Typel
et Q1: What about
Rate of Type lli .
prey capture other functional
responses?

Prey density

www.wikipedia.org/wiki/Optimal_foraging-theory
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Robustness checks

Robustness checks

partial residuals

VEES Pawriy

(a) 8 Rall et al. " Universal temperature and body-mass
6 scaling of feeding rates.”
Phil. Trans. R. Soc. B 367.1605 (2012): 2923-2934
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Robustness checks
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Work in progress: Dynamic responses to warming

A Gomulkiewicz and Holt. "When does evolution by natural
No Evolution selection prevent extinction?.” Evolution 49.1 (1995): 201-207.
(2]
=
w
(]
0
0
With Evolution
N, NG s
o S—
0 te tg tp
< period at high risk >
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Work in progress: Dynamic responses to warming

A Gomulkiewicz and Holt. "When does evolution by natural
No Evolution selection prevent extinction?.” Evolution 49.1 (1995): 201-207.
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Work in progress: Dynamic responses to warming

A Gomulkiewicz and Holt. "When does evolution by natural
No Evolution selection prevent extinction?.” Evolution 49.1 (1995): 201-207
7] .
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[a) rescue effect on the network
scale?
0
0 . .
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Work in progress: Dynamic responses to warming
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No Evolution selection prevent extinction?.” Evolution 49.1 (1995): 201-207
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Work in progress: Dynamic responses to warming

A Gomulkiewicz and Holt. "When does evolution by natural
No Evolution selection prevent extinction?.” Evolution 49.1 (1995): 201-207

e Do we observe an evolutionary
rescue effect on the network
scale? PERHAPS

DENSITY

0
0
e Or do we observe an extinction
With Evolution debt? YES
e |s there a difference between
N short-term and long-term
N responses? DEFINITELY!
0t ta tp
g >
TIME
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Thank you for your attention! :-)

Special thanks go to my co-authors N. Loeuille and E. Thebault,
and to a bunch of marvellous master students:
W. Bonnaffe, A. Weinbach, G. Chero, E. Kerdoncuff and A. Terrigeol!
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