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Diversity and ecosystem functioning

Tilman et al. (2006) Hector et al. (2010)



Diversity and ecosystem functioning in ecological networks
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Diversity of pollinators and functioning
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Pollinators species Mouthpart Theoretical pollination Plants species Accessibility
and groups length (mm + S.E.) network and groups pollen nectar
Sphaerophoria sp. 286+0.35 (? (‘\!{’_ ) M. officinalis easy easy
‘sg - -..,']&: ;’J_) i .
E. balteatus 23+020 £ i E. cicutarium easy easy
E. tenax 547+029  Syphidfie / Openflower @ raphanistrum  easy  difficult
B. terrestris 9.02+0.19 (’K:&? ‘ ~’:j‘ M. guttatus easy difficult
B. hortorum 9.21+1.02 ’?’? ﬁ’ N M sativa  difficult difficult
s
B. lapidarius 8.10+£0.86 Bumble-bee Tubular flower L. corniculatus  difficult  difficult
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Bee divcrsity effects on pol]ination deCI’ld on functional
complemcntarity and niche shifts

Diversity of pollinators and functioning........ c...r s s o e

Ecology, 94(9), 2013, pp. 2042-2054
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Diversity of pollinators and functioning.

Bee divcrsit}-’ effects on pol]ination dcpcnd on functional

Complcmcntarity and

niche shifts
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Ecology, 94(9), 2013, pp. 2042-2054
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The structure of host-parasitoid networks and functioning

Complgmgmarn\ and rgdundanc*\ of interactions enhance attack
rates and qpatlal qtablhl\ in host— paraqnmd food webs

. e 2
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Peralta et al. 2014
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Network structure allows to describe complementarity and redundancy
among species

mm=m) Direct links with the study of ecosystem functions and stability



Cascading effects in networks?
Network structure and indirect interactions

Absent Present

Consumer

Estes et al. (2011)



Understanding indirect effects: a central issue in ecological networks

a) Interspecific Competiion b) Trophic Cascade

L

d) Indirect Mutualism
(Interference)

Annw. Rev. Ecol. Syst. 1994, 25:443-66
Copyright © 1994 by Annual Reviews Inc. All rights reserved
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Understanding direct and indirect effects:
studies on network motifs
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Understanding direct and indirect effects:
studies on network motifs
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Effects can differ from predictions

Table 1 Qualitative effects of nutrient enrichment as predicted by two linear
food-chain models and corresponding experimental results in mesocosms

Maodel predictions Experimental results
Prey dependence Hatio dependence Without fish With fish
Camivores + + - &
Herbivores 0 + ns ns
Autotrophs + + ns ns
Phosphaorus 0 + ns +

Qualitative effects are indicated by their sign: +, 0 and - ﬂerﬂte a positive effect, no effect and a
nagative effect, respactively, of nutrient anrichmant on deansity. Experimeantal results: + and —dendte
a significant positive effect and a significant negative effect, respectively (P = 0.05); brackets,
marginally significant effect (0.05 < P = 0.10); ns, nonsignificant effect (P = 0.10); &, no test
possible because the sum of invertebrate carnivoras density and fish biomass is senseless.

Hulot et al. Nature 2000



Need to consider food web structure

Simplified pelagic food web

(from Carpenter et Kitchell, 1993,
The trophic cascade in lakes,
Cambridge University Press).
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——> Direct positive effect
——o Direct negative effect

Hulot et al. Nature 2000



——> Direct positive effect
——o Direct negative effect

Hulot et al. Nature 2000



Understanding direct and indirect effects:
studies on network motifs

Annw Rev Ecol. Syss. 1994, 25:443-66 a) Interspecific Competiion b} Trophic Cascade c) Apparent Competition
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Understanding direct and indirect effects

apparent competition

Parasitoids
Scale: hosts x4.53
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Total host density: 1.93 m—2
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Understanding direct and indirect effects

[39)
o
Q
o
I
Q
<
[9)
S
p — [
I
Q.
L 1 1 1 1
o © © < o
- o o o o
oljel sppO
®
. 88
I
[ ] K m
m

apparent competition

Pachyschelus

Dipteran

collaris

miners

0.14

P=

0.022

P=

1

L
N
-

1
o
-~

©

©

Ausuap ul @ouaieylq

Leaf miners

Total host density: 1.93 m—2

Pentispa fairmairei

Pachyschelus collaris

Pachyschelus

Dipteran

collaris

miners

Morris et al. 2004



Important applications for management

Available online at www.sciencedirect.com

Agriculture

SCIENCE DIRECT®

@ Ecosystems &
A Environment

ELSEVIER Agriculure, Ecosystems and Environment 102 (2004) 205-212

www.elsevier.com/locate/agee

Enhancing parasitism of wheat aphids through apparent

competition: a tool for biological control LETTER

Alain Langer!, Thierry Hance*

Ecology Letters, (2008) 11: 690-700 doi: 10.1111/j.1461-0248.2008.01184.x

Apparent competition can compromise the safety
of highly specific biocontrol agents

+ +
+ +
_l_'J J x ] 3 N\ 7 ) T 17T TTDC
ECOLCICT LETTRRS
Ecology Letters, (2014) 17: 1389-1399 doi: 10.1111/ele.12342
LETTER The potential for indirect effects between co-flowering plants

via shared pollinators depends on resource abundance,
accessibility and relatedness

Carvalheiro et al. (2014)

Carvalheiro et al. (2008)

GfO _ Basic and
T Applied Ecology

ESEIER Basic and Applied Ecology 63 (2022) 36—48 www.elsevier.com/locate/baae
RESEARCH PAPER

Co-flowering plants support diverse pollinator populations and R
facilitate pollinator visitation to sweet cherry crops W

Amy-Marie Gilpin®*, Corey O Brien®, Conrad Kobel®, Laura E. Brettell*,
James M. Cook®, Sally A. Power®



Estimating potential indirect competition among prey
the Muller’s index

The Structure of an Aphid-Parasitoid Community

Indirect effect of species j on species i: C. B. Muller; 1. C. T. Adriaanse; R. Belshaw; H. C. J. Godfray

The Journal of Animal Ecology, Vol. 68, No. 2 (Mar., 1999), 346-370.
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Estimating potential indirect competition among prey
the Muller’s index

The Structure of an Aphid-Parasitoid Community
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Estimating potential indirect competition among prey
the Muller’s index
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Estimating potential indirect competition among prey
the Muller’s index

The Structure of an Aphid-Parasitoid Community

Indirect effect of species j on species i: C. B. Muller; 1. C. T. Adriaanse; R. Belshaw; H. C. J. Godfray

dij =,

k

The Journal of Animal Ecology, Vol. 68, No. 2 (Mar., 1999), 346-370.
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Estimating potential indirect competition among prey
the Muller’s index

The Structure of an Aphid-Parasitoid Community

Indirect effect of species j on species i: C. B. Muller; 1. C. T. Adriaanse; R. Belshaw; H. C. J. Godfray

The Journal of Animal Ecology, Vol. 68, No. 2 (Mar., 1999), 346-370.
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Competition or facilitation in plant-pollinator networks?

» Complex indirect interactions among plants and among pollinators, importance of the
balance between mutualism and competition

Bastolla et al. (2009) Valdovinos et al. (2016)
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Competition or facilitation in plant-pollinator networks?

» Complex indirect interactions among plants and among pollinators, importance of the

balance between mutualism and competition
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Predicting cascading effects in complex ecological networks?

» Need for a dynamical perspective and accounting for long indirect
pathways

Pires et al. (2020)



Terms of the Jacobian a;; = __dt
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Estimating direct and indirect effects in networks

Jacobian

Inverse of the

Jacobian
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« Diffuse effects in food webs »

Montoya et al. 2009

TABLE 3. Sign structure of the Jacobian matrix C and of its
inverse C 1.

Same sign Different sign
Food web %  log mean |c %  log mean |c
Ythan 54.4 — 1.4 1%** 45.6 —1.59%**
Broadstone 54 0.16%** 46 —().28%**
Soil 1 63.1 0.38 36.9 0.17
Soil 2 53.8 (0.1 2%%* 46.2 0.4 6%%*
Soil 3 63.2 (0.4 5%%* 36.8 ()3 %%
Soil 4 57.9 0.44 421 0.46
Soil 5 66.7 0.78%%* 33.3 (.5 5% %%
Soil 6 77.8 ().8 5%** 222 ()2 0%*®
Soil 7 57.5 (0.1 3%** 42.5 —().04%**
Mean 60.93 39.07




Another approach: food web model based on allometric relations

Bioenergetic model of Yodzis and Innes (1992)

ac_ (T (N an J

dt R"+R,
d—R:rR 1—3 —C‘]”‘j‘X R
dt K f, R"+R]

T = mass-specific respiration rate of the population T =@, m‘O 25
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~~ 15 7
e
w
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Brown et al (2004) In(mass)



Another approach: food web model based on allometric relations

Bioenergetic model of Yodzis and Innes (1992)

d—C=C -T+@1-9)J,, R
dt R"+R,
d—R:rR(l—Bj—CJ”HX R
dt K f, R"+R]

T = mass-specific respiration rate of the population T = a; m50-25

(respiration per unit biomass) 025
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1000
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Yodzis and Innes (1992) T w



Another approach: food web model based on allometric relations

Bioenergetic model of Yodzis and Innes (1992)

d—C=C -T+@1-9)J,, R
dt R"+R,
d—R:rR(l—Bj—CJ”HX R
dt K f, R"+R]

T = mass-specific respiration rate of the population T =@, m50-25
(respiration per unit biomass) 0.5
J = mass-specific ingestion rate of the population (1_ 5)\] max fJ a;Mc

r = intrinsic production-biomass ratio r= f am>%2
— 'rr'''R



Another approach: food web model based on allometric relations

Trophic interactions based on the niche model
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Brose et al. 2006 ; lles & Novak 2016



Predicting cascading effects in complex food webs?

5-20 species 21-35 species 36-60 species

C Connectance
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Part Ill: Cascading effects in networks
Network structure and indirect interactions
Some conclusions and perspectives

» Importance of indirect interactions: network structure matters for
understanding cascading effects in ecological communities

» Can we predict consequences of perturbations on ecological networks?

» Which network structures limit the spread of cascading effects?
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