Species diversity, food web structure and the temporal
stability of ecosystems:
bridging the gap between theory and data?
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The links between diversity, food web complexity and stability: a long
standing interest in theoretical ecology

» Diversity, connectance and stability
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The links between diversity, food web complexity and stability: a long
standing interest in theoretical ecology
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Many definitions of stability & disconnection between theory and
experiments/observations

(a) 250 , . s
® Studies combining theory and an empirical component
- Observational studies = Experimental studies = Theoretical studies

3 =
E 150 Donohue et al. (2016)
5
; —
-g 100
=
=

50 -

B J H N —

Component of stability measured



Many definitions of stability & disconnection between theory and
experiments/observations
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Biodiversity and ecosystem stability: still a need to develop the food

» The relationship between diversity and ecosystem functioning often focus on plant
communities and taxa within a trophic level, ignoring food web structure

web perspective?

» Recent advances to include food web perspective on the links between diversity and
ecosystem functions, but less so for stability of ecosystem functions
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Biodiversity and ecosystem stability: still a need to develop the food
web perspective?

» A modelling approach

Jérome Eschenbrenner

» Empirical relations using long-term data on stream fishes

Alain Danet Maud Mouchet Willem Bonnaffé Colin Fontaine



Assessing the links between diversity, food web structure and
ecosystem stability?

CV of total biomass CVeomi = CVypi XV
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+ + Thibaut & Connolly et al. (2013)

Population CV Synchrony
B, .CV,, o2
CV,,, = Tk o *r,
A YiB 2 2

(Zhon,)
AVAVAY




Assessing the links between diversity, food web structure and
ecosystem stability?

CV of total biomass CVeomi = CVypi XV

Loreau & de Mazancourt (2008)
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Assessing the links between diversity, food web structure and
ecosystem stability?

CV of total biomass CVeomi = CVypi XV

Loreau & de Mazancourt (2008)
+ + Thibaut & Connolly et al. (2013)
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+ Oor -

Food web
connectance

Decrease probability of local stability
e.g. Gross et al. (2009)

Generalist consumers have more
stable dynamics than specialists
e.g. Thébault & Loreau (2005)



Assessing the links between diversity, food web structure and
ecosystem stability?

CV of total biomass CVeomi = CVypi XV

Loreau & de Mazancourt (2008)

+ + Thibaut & Connolly et al. (2013)
Population CV Synchrony
+ or - +or-
Food web Food web average
connectance trophic level
Decrease probability of local stability Predator has destabilizing effects on prey
e.g. Gross et al. (2009) e.g. Shanafelt & Loreau (2018)

Generalist consumers have more _ :
_ o Stabilizing effects of predators coupling
stable dynamics than specialists .
different energy channels

e.g. Thébault & Loreau (2005) Rooney & McCann (2008)



Assessing the links between diversity, food web structure and
ecosystem stability?

CV of total biomass CVeomi = CVypi XV

Loreau & de Mazancourt (2008)

+ + Thibaut & Connolly et al. (2013)
Population CV Synchrony
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Food web Food web average
connectance trophic level

Predator might increase or decrease synchrony of its

Generalist consumers sharing the same prey are orey populations

more synchronous than specialist consumers _
Raimondo et al. (2004)

Thébault & Loreau (2005) McCann (2000)



Assessing the links between diversity, food web structure and
ecosystem stability?
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Assessing the links between diversity, food web structure and
ecosystem stability?
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Assessing the links between diversity, food web structure and
ecosystem stability?
a modelling approach

Jérome Eschenbrenner



Allometric food web model
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Allometric food web model
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Allometric food web model

({if = epA; Z Fij + eaA; Z Fix — Z ArFri — xiA;
j k k

a

o © dp.

({9 C® (®@9 ® I -~
00 ® SoD? 8@ co@®™ T 7 7 ® | - =1iGiPi— > AeFii —xiP,
100 103 108 10° t k

10%

Animal and plant body mass, m

dN;

TTTTTT T T TTTTTT T T TTTTTT T T TTTTTy T T TTTTITT T T TTTTTT T T T T T T T 1T T T TTTITm T T T

10° 108 10° 102

Resource body mass, m;

= D(§ —N;) — v Z riG;P;
f

|
L

—b
o
o

Ct)ibinjl T4 1

B 1—|—CAi —|—U)ihz‘ ZbikR]lc—l_q ' m;
k

Sp=15 Sp=60 Fz'j

e

Schneider et al. (2016)

-0
ey L



Simulations: relations between diversity, food web structure and
temporal variability of total biomass
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Results
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Animal community CV
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» Effects of animal diversity related to changes in average trophic level of species in food webs
» Direct effects of plant diversity on the two components of CV of total biomass



A few conclusions from the modelling approach

» Higher average trophic level stabilizes population CV but leads to higher
synchrony

» Food webs with more biomass at higher trophic levels are characterized by
more stable animal biomass

» No effect of connectance
» Inconsistent and overall weak effects of species richness: destabilising effects

on temporal stability of total plant biomass, stabilising effect of animal
diversity on total animal biomass



Assessing the links between diversity, food web structure and
ecosystem stability?
an empirical approach
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Assessing the links between diversity, food web structure and
ecosystem stability?
an empirical approach

» Long-term dataset on fish
communities in streams
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Assessing the links between diversity, food web structure and
ecosystem stability?
an empirical approach

» Long-term dataset on fish » Food web inference of fish communities
communities in streams

Use data on species identity and body size of caught individuals to
construct metaweb
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Assessing the links between diversity, food web structure and
ecosystem stability?
an empirical approach

» Long-term dataset on fish » Food web inference of fish communities

communities in streams Use data on species identity and body size of caught individuals to

construct metaweb and local food webs

D a0
Truta fario body size distribution Prey
40000 . s
i) sizeh Bonnaffé et al. (2021) b
& . 504
£ ;
& »
2 307 I — i
% w_& o
2 £
- =
8 2] ﬁ—‘— Feeding range 2. 301
£ - (3 to 45%) @
*’%10 % 20 % e | R SRy 3
y Body size (mm)
9 body size — Predator 9 20
classes ——A——4—1 4+ 1 1 gSIZe &
i Ont. i Stage 1 Stage 2 Stage 3 ) 2
: . : grERIsh Iy - - - 2.
1995 1998 2001 2004
Year

=]
n

ANG [l GAR | LOF [ TRF VAN
A

0
Species o cHa [ cou [l TaC [ VAl

1995 1998 2001 2004
ear
[ B ST ¥ F Y = ® 2.8 »
. p Cimee s

. i
] M ey T N

Select sites monitored for more than 10 years
with no temporal trends in community biomass

-> 99 sites \
45 species x 9 size classes + 6 resource nodes



Results: what are the relations between food web structure and
biomass stability?
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Results: what are the relations between food web structure and
biomass stability?

Biomass " e .
stability N G tm_t-ﬁw;éi .
07—~ 133 Goas W T
os0{ * ., 0"
Synchrony CV species g w ’
'Y 32 36 40
0.26 Avg trophic level
A » No relation between connectance and stability
Food web verage of total biomass
trophic level in
Connectance
food web

» Food web average trophic level is related with
lower population CV and greater stability of total
biomass

Species
richness

Danet et al. (2021) Ecology Letters, 24, 2364— 2377.



-0.51

Results: what are the relations between diversity and biomass
stability?
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» Lower synchrony at higher species richness

» Destabilising effect of species richness on
population biomass and total biomass
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Discussion and perspectives
How these results relate with theoretical predictions?

> No correlation between connectance and biomass
stability
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Discussion and perspectives
How these results relate with theoretical predictions?
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Discussion and perspectives
How these results relate with theoretical predictions?

» Importance of mean trophic level on stability of total
biomass ? o
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Discussion and perspectives
How these results relate with theoretical predictions?

» Relation between diversity and stability of total
biomass in food webs?

> Consistent with
experiments on plant
communities

Tilman et al. (2006)



Discussion and perspectives
How these results relate with theoretical predictions?

» Relation between diversity and stability of total
biomass in food webs?

> Consistent with
experiments on plant
communities
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Discussion and perspectives
How these results relate with theoretical predictions?
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Discussion and perspectives

» Importance of considering environmental conditions and perturbations?
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Discussion and perspectives

» Importance of considering environmental conditions and perturbations?
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