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By the side of many of these nests a small flying-fish was placed; which, I suppose, 
had been brought by the male bird for its partner…quickly a large and active crab 
(Craspus), which inhabits the crevices of the rock, stole the fish from the side of the 
nest, as soon as we had disturbed the birds. Not a single plant, not even a lichen, 
grows on this island; yet it is inhabited by several insects and spiders. The following 
list completes, I believe, the terrestrial fauna: a species of Feronia and an acarus, 
which must have come here as parasites on the birds; a small brown moth, 
belonging to a genus that feeds on feathers; a staphylinus (Quedius) and a 
woodlouse from beneath the dung; and lastly, numerous spiders, which I suppose 
prey on these small attendants on, and scavengers of the waterfowl.
Darwin, The voyage of the Beagle, 1839
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Interaction among species and species traits

Brose et al. (2006)



Interaction among species and species traits

Phillips et al. 2020
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(i)
Structure of ecological networks



Structure of trophic network and compartments



Trophic groups Compartments 

Gauzens et al. 2015 

Different ways of making groups



Seed dispersal pollination

Nested structure

• Continuum between specialist and generalist species

• Presence of a core of highly connected species

• Asymmetrical specialization

Bascompte et al. 2003

Mutualistic networks and nestedness



Mutualistic networks and nestedness



Thébault & Fontaine 2010

Network architecture and interaction type
Mutualistic

34 plant-pollinator webs

Antagonistic

24 plant-phytophagous insect webs



commensal commensal/parasitic parasitic

Blick & Burns, 2011

Network architecture and interaction type
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Interaction intimacy

and interaction intimacy?



Guimaraes et al. 2007

Mutualistic interactions Antagonistic interactions

van Veen et al. 2008

interaction intim
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and interaction intimacy?



Interaction type and interaction intimacy

Fontaine et al., 2011
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On the importance of sampling effects when analysing 
numerous networks from various origins

A database of 295 pollination networks

Looking for effects of:

Anthropogenic disturbances
Climate
Sampling effort and protocol

on network richness and species generalism
Doré et al. (2020)



Networks combining multiple interaction types

Pocock et al. (2012)

Need for new sampling methods
as well as metrics accounting for 
the diversity of interactions

Sauve et al. (2016)

e.g. correlation in plant generalism degree
between pollination and herbivory



Kéfi et al. (2016)

Networks combining multiple interaction types

106 species
1362 trophic links
3089 interference/competition for space links
172 habitat/refuge provisioning links



Pairwise interactions are governed by species traits

The structure of ecological networks varies depending on the type of 
interaction (mutualistic vs antagonistic; intimate vs non-intimate)

Comparing the structure among networks needs to account for sampling 
heterogeneity 

Integrating several interaction types within networks is in its infancy and 
require new datasets and metrics 



(ii)
Indirect interactions and community dynamic



Foodwebs, network motifs and indirect interactions

Présentateur
Commentaires de présentation
One way tu study such indirect interactions is to focus on small networks, called motifs. 



Estes & Palmisano 1974
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Foodwebs, trophic chains and trophic cascades



Estes et al. 2011

Foodwebs, trophic chains and trophic cascades
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If an equilibrium exist with
three species, then:

• r = intrinsec groth rate of R
• K = carying capacity of R
• aNR et aPN are atack rates
• eNR et ePN are conversion efficacies
• dN et dP are mortality rates

aNR, eNR
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R

Foodwebs, trophic chains and trophic cascades

Oksanen 1981

Présentateur
Commentaires de présentation
If we look for the abundance of the three level at equilibrium (dR/dt = dN/dt = dP/dt = 0, no change in abundance over time), we obtain the three equations on the right, with R*, N* and P* being the abundance of at equilibrim of the primiry producer, the herbivore and the predator, respectively.




Wootton & Power, 1993

Foodwebs, trophic chains and trophic cascades

Présentateur
Commentaires de présentation
In this experiement, the researchers tested the predictions of the model presented before by experimentally manipulating channels within a natural river (picture top right).  The channels included the same three level foodweb and shading was applied on some of them to manipulate the amount of energy available for primary producers (changing K in the model). As light levels increased, the biomass of algae and primary predators increased, but the biomass of grazers remained relatively constant (graphs on the right)
These results match predictions of food chain models based on classical predator-prey theory and suggest that simple models of multitrophic level interactions are sometimes sufficient to predict the responses of natural communities to changes in environmental productivity.



• Trophic chain with four levels:
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Trophic chains: bottom-up and top-down effects
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Trophic chains: bottom-up and top-down effects

Hairston et al. 1960



Foodwebs, sharing of predator and apparent competition

Bonsall & Hassell, 1997

Plodia interpunctella Venturia canescens

Ephestia kuehniella Venturia canescens

Présentateur
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Now lets look at another network motif, where two prey species (R1 and R2) are connected by a common predator (C).

Folowing the signed arrows of such a motif, what would be the effect of an increase of R1 on R2?
Increase in R1 should benefit C, which in turm should have a negative effect on R2. R1 should thuse have a negative indirect effect on R2, and vice versa. Such indirect effect mimic a direct competitive effect between the two resource species, but this effect is mediated by a common predator. Such indirect effect is cald apparent competition.

The experiment presented on this slide aims at testing such indirect effect, using a laboratory insect system with two host species (Plodia interpunctella and Ephesia kuehniella) and a common parasitoid attacking them (Venturia canescens). They first used cages with one of the two host species and the parasitoid species grown together. The population dynamic in these two types of cages are presented in the graphes in the middle of the slide. In both cases, the species couple can coexist (solid and dotted line are the population dynamics of the host, and the dashed line is the population dynamic of the parasotoid).
Then they used cages separated in two parts by a wire rack whose mesh is small enough to prevent the host species to go from one part to the other but big enough to allow the parasitoid to do so. In each part of the cages, resources were provided to the host species to grow on. The two graphs on the right present the population dynamic of the three species in two of those cages. As you can see, in both cages the outcome is the same: while one host manage to coexist with the parasitoid, the other one goes extinct. Note that it is always the same host species that goes extinct. The three-species system with the parasitoid attacking both hosts species (which are not allowed to compete directly) is unstable, with one of the host species being eliminated from the interaction owing to the effects of apparent competition.




Morris et al., 2004

Foodwebs, sharing of predator and apparent competition

Présentateur
Commentaires de présentation
So apparent competition can be demonstrated in a simplified experimental system, but does it happen in nature?

Here are presented the result of a study looking for evidence of apparent competition among herbivores in tropical forest of Costa Rica. The herbivorous insects of tropical forests constitute some of the most diverse communities of living organisms. The graph on the top left represent the interaction network between leaf miners herbivores (herbivores that feed on leaves by digging galleries within leaves (picture top right) and their parasitoids. Parasitoid species are represented by the rectangles on top of the network, their size is proportional to their abundance. Leaf miners are represented by the rectangles at the bottom of the network, with their size proportional to their abundance too. The triangles linking parasitoids to leaf miners represent the interactions between both, and their size is proportion to the frequency of the interactions.
Leaf miner are rather specialist herbivores, meaning that they feed on a very restricted set of plant species. Two of them, the ones hatched in blue and red are fully specialist, feeding on a single plant species (the name of the corresponding plant species is written below the arrow. The idea of the experiment is to remove these two focal herbivore species from the system. 
According to apparent competition, we should expect that removing these species will have a negative effect on the parasitoid feeding on them (the parasitoid species in red for the leaf miner species hatched in red, and the same for the blue one), and consequently have a positive effect on the other leaf miner species consumed by these parasitoids (the leaf miner colored in full red or blue, for blue one there is only one species, the one with an arrow below on the left. 

To perfume the experiment (remove the two focal leaf miner species from the system), the researcher removed the plant species they feed on from several plots in the tropical forest (picture on the bottom left). Then the compared the density of leaf miners colored in blue and red between plot where the plant species have been removed and plot where the plant species were present. 

The result is presented in the graph on the right, that show the difference in density between plots with plants removed and plot with the plants. As you can see the difference is positive for both the dipteran leaf miners (colored in red in the network) and Pachyschelus collaris, the leaf miner colored in blue in the network), meaning that the density of these leaf miners is higher in plots where the plants have been removed.

These result are coherent with the theoretical expectation of apparent competition, and shows that event in very complex systems, with lots of species and lots of interaction among them, indirect effects such as apparent competition are present and actually affect the abundance and coexistence of species
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van Veen & al. Ecology, 2005
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		11		1.3		0		0		10		0		0		2		0		8		5		290		0		7		80		0		6		9		170		0		2		40		0		10		16		150		0		0		20		0		1		0		1		0		0		0		0		0				1350		302		0		0

		12		1.3		3		0		30		0		1		1		0		8		10		360		0		1		7		0		10		20		320		0		1		8		0		15		17		190		0		1		3		0		3		0		0		0		1		0		0		0				1969		47		0		0

		13		1.3		1		2		35		0		0		0		0		11		8		355		0		0		1		0		10		30		380		0		0		3		0		21		23		470		0		0		2		0		0		0		0		0		0		0		0		0				2692		12		0		0

		14		1.3		0		3		8		0		0		0		0		15		18		100		0		1		0		0		10		10		570		0		1		2		0		19		27		250		0		0		0		0		0		0		1		0		0		0		0		0				2061		8		0		0

		15		1.3		0		3		20		0		1		0		0		9		19		320		0		0		1		0		8		25		490		0		1		0		0		11		18		230		0		0		0		0		1		0		0		0		0		1		0		0				2307		7		0		0





Blok 2

		Cage		Treatment		A. pisum 1						M. viciae 1.						Mummies 1		A. pisum 2						M. viciae 2						Mummies 2		A. pisum 3						M. viciae 3						Mummies 3		A. pisum 4						M. viciae 4						Mummies 4		A. pisum C						M. viciae C						Mummies C		Parasitoids				Total A. pisum		Total Mv		Total mu		parasitoids		26		27		28		29		30				26		27		28		29		30

						Alates		Apterae		Nymphs		Alates		Apterae		Nymphs				Alates		Apterae		Nymphs		Alates		Apterae		Nymphs				Alates		Apterae		Nymphs		Alates		Apterae		Nymphs				Alates		Apterae		Nymphs		Alates		Apterae		Nymphs				Alates		Apterae		Nymphs		Alates		Apterae		Nymphs																246		126		178		358		210				120		30		92		72		100

		16		2.1		0		1		45		0		0		0		0		1		1		42		0		0		0		0		0		0		3		0		0		0		0		0		0		2		0		0		0		0		0		0		0		0		0		0		0		0				190		0		0		0		1774		1000		1304		1632		1622				284		156		244		368		254

		17		2.1		0		1		68		0		0		0		0		1		1		64		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				270		0		0		0		2198		1494		3452		1468		3574				448		372		330		358		364

		18		2.1		0		1		2		0		0		0		0		0		1		117		0		0		0		0		0		1		35		0		0		0		0		0		0		4		0		0		0		0		0		0		0		0		0		0		0		0				322		0		0		0		1296		1404		896		1238		828				324		244		552		206		430

		19		2.1		0		1		102		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				206		0		0		0		1298		1054		1217		1628		1657				1185		1108		910		252		674

		20		2.1		1		0		79		0		0		0		0		0		1		48		0		0		0		0		0		0		0		0		0		0		0		0		0		5		0		0		0		0		0		0		0		0		0		0		0		0				268		0		0		0		1329		2993		2111		2802		1470				2433		1080		856		191		778

		21		2.2		0		0		56		0		3		49		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		1		6		0		0		0		0		0		0		0		0		0		0		0		0				128		104		0		0		913		1924		1311		1959		1329				1828		177		297		148		673

		22		2.2		0		1		31		0		2		20		0		0		0		22		0		0		0		0		0		0		1		0		0		0		0		0		0		4		0		1		0		0		0		0		0		0		0		0		0		0				118		46		0		0		726		2234		4128		3413		1802				934		23		484		349		157

		23		2.2		0		1		62		0		0		12		0		0		0		1		0		0		11		0		0		2		21		0		1		29		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				174		106		0		0		1212		3792		2667		2758		2119				1314		10		220		117		238

		24		2.2		0		0		39		0		2		20		0		0		0		0		0		0		0		0		0		0		5		0		1		7		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0				90		60		0		0		1094		3549		1672		2110		3051				1427		20		16		14		114

		25		2.2		0		0		55		0		0		12		0		0		0		1		0		1		16		0		0		0		0		0		1		22		0		0		0		2		0		0		0		0		0		0		0		0		0		0		0		0				116		104		0		0		885		3848		2680		2769		2652				1225		8		10		4		36

		26		2.3		0		1		90		0		2		23		0		0		0		20		0		2		16		0		0		1		11		0		1		16		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				246		120		0		0		1535		3129		2802		3389		3361				1277		4		2		0		12

		27		2.3		1		0		32		0		0		0		0		0		0		0		0		0		0		0		1		0		29		0		1		14		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				126		30		0		0		2189		2006		1584		2243		2161				670		4		2		2		2

		28		2.3		0		0		29		0		1		35		0		0		1		56		0		1		6		0		0		1		1		0		0		3		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0				178		92		0		0		1567		2254		1497		1707		1992				323		0		12		0		0

		29		2.3		0		3		140		0		1		17		0		0		0		18		0		0		0		0		0		1		17		0		0		18		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				358		72		0		0		2083		3224		2782		2804		3385				154		2		10		2		0

		30		2.3		0		0		93		0		2		11		0		0		0		0		0		0		0		0		0		0		12		0		1		36		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				210		100		0		0		1686		2846		3155		2548		2355				88		2		16		8		2

																																																																																								1158		1660		2590		2097		2432				72		10		0		1		14

		16		2.1		0		6		102		0		0		0		0		0		4		65		0		0		0		0		0		13		195		0		0		0		0		0		10		130		0		0		0		0		0		0		0		0		0		0		0		0				1050		0		0		0		2356		2595		2302		2802		3799				24		14		0		0		4

		17		2.1		2		12		150		0		0		0		0		0		5		117		0		0		0		0		0		16		160		0		0		0		0		0		4		50		0		0		0		0		0		0		0		0		0		0		0		0				1032		0		0		0

		18		2.1		0		15		250		0		0		0		0		0		12		300		0		0		0		0		0		12		165		0		0		0		0		0		11		190		0		0		0		0		0		0		0		0		0		0		0		0				1910		0		0		0

		19		2.1		0		12		170		0		0		0		0		0		9		150		0		0		0		0		0		12		350		0		0		0		0		0		20		310		0		0		0		0		0		0		0		0		0		0		0		0				2066		0		0		0

		20		2.1		0		20		250		0		0		0		0		0		7		230		0		0		0		0		0		19		425		0		0		0		0		0		30		220		0		0		0		0		0		0		0		0		0		0		0		0				2402		0		0		0

		21		2.2		0		17		170		0		0		0		0		0		11		200		0		3		15		0		0		12		250		0		13		50		0		0		12		140		0		6		30		0		0		0		0		0		0		0		0		0				1624		234		0		0

		22		2.2		0		7		190		0		11		28		0		0		10		160		0		0		0		0		0		10		180		0		9		10		0		0		9		120		0		3		20		0		0		0		0		0		0		0		0		0				1372		162		0		0

		23		2.2		0		12		120		0		1		6		0		0		6		170		0		1		4		0		0		9		160		0		12		25		0		0		3		14		0		1		2		0		0		0		0		0		0		0		0		0				988		104		0		0

		24		2.2		0		10		190		0		3		20		0		0		5		60		0		0		0		0		0		10		180		0		2		20		0		0		6		70		0		1		5		0		0		0		0		0		0		0		0		0				1062		102		0		0

		25		2.2		0		15		200		0		9		20		0		0		10		190		0		1		0		0		0		18		270		0		6		37		0		0		12		170		0		6		40		0		0		0		0		0		0		0		0		0				1770		238		0		0

		26		2.3		0		7		260		0		4		11		0		0		5		260		0		3		20		0		0		7		180		0		9		70		0		0		8		160		0		5		20		0		0		0		0		0		0		0		0		0				1774		284		0		0

		27		2.3		0		7		75		0		13		45		0		1		4		85		0		3		15		0		0		10		140		0		0		0		0		0		8		170		0		1		1		0		0		0		0		0		0		0		0		0				1000		156		0		0

		28		2.3		0		17		200		0		3		30		0		0		9		130		0		0		30		0		0		5		150		0		5		17		0		0		11		130		0		2		35		0		0		0		0		0		0		0		0		0				1304		244		0		0

		29		2.3		0		15		160		0		3		50		0		0		13		200		0		1		50		0		1		13		260		0		5		50		0		1		13		140		0		5		20		0		0		0		0		0		0		0		0		0				1632		368		0		0

		30		2.3		0		13		230		0		1		40		0		0		9		150		0		0		0		0		0		4		230		0		0		17		0		0		15		160		1		8		60		0		0		0		0		0		0		0		0		0				1622		254		0		0

		16		2.1		0		8		130		0		0		0		0		0		20		250		0		0		0		0		1		30		500		0		0		0		0		2		25		360		0		0		0		0		0		0		0		0		0		0		0		0				2652		0		0		0

		17		2.1		0		1		140		0		0		0		0		1		15		260		0		0		0		0		2		21		410		0		0		0		0		0		30		410		0		0		0		0		0		0		0		0		0		0		0		0				2580		0		0		0

		18		2.1		0		7		230		0		0		0		0		0		10		330		0		0		0		0		1		23		520		0		0		0		0		1		6		180		0		0		0		0		0		0		0		0		0		0		0		0				2616		0		0		0

		19		2.1		1		20		105		0		0		0		0		1		23		280		0		0		0		0		2		25		370		0		0		0		0		1		55		630		0		0		0		0		0		0		0		0		0		0		0		0				3026		0		0		0

		20		2.1		2		2		140		0		0		0		0		3		2		220		0		0		0		0		2		6		670		0		0		0		0		1		6		130		0		0		0		0		0		0		0		0		0		0		0		0				2368		0		0		0

		21		2.2		0		5		100		0		0		30		0		2		10		140		1		5		50		0		3		20		350		2		15		100		0		1		10		280		0		7		65		0		0		0		0		0		0		0		0		0				1842		550		0		0

		22		2.2		0		4		60		0		1		7		0		0		5		100		0		4		40		0		1		12		300		0		4		30		0		0		22		400		0		6		40		0		0		0		0		0		0		0		0		0				1808		264		0		0

		23		2.3		2		19		190		0		2		6		0		3		28		250		1		5		35		0		0		12		320		1		3		25		0		0		30		370		0		8		45		0		0		0		0		0		0		0		0		0				2448		262		0		0

		24		2.2		0		8		240		0		3		11		0		0		15		220		1		5		20		0		1		30		450		1		8		35		0		1		18		290		1		6		65		0		0		0		0		0		0		0		0		0				2546		312		0		0

		25		2.2		0		4		170		3		3		20		0		2		5		130		0		1		25		0		1		3		300		0		1		60		0		0		2		350		0		2		90		0		0		0		0		0		0		0		0		0				1934		410		0		0

		26		2.2		1		8		90		1		1		90		0		0		15		200		0		2		25		0		1		10		450		0		5		45		0		2		22		300		0		5		50		0		0		0		0		0		0		0		0		0				2198		448		0		0

		27		2.3		0		4		110		0		4		25		0		0		6		140		0		3		30		0		0		5		300		0		5		50		0		0		12		170		0		9		60		0		0		0		0		0		0		0		0		0				1494		372		0		0

		28		2.3		0		13		140		0		4		6		0		1		36		610		0		7		10		0		4		27		540		0		9		80		0		1		14		340		0		14		35		0		0		0		0		0		0		0		0		0				3452		330		0		0

		29		2.3		0		0		110		0		2		20		0		0		2		60		0		1		1		0		0		6		300		2		5		60		0		1		5		250		1		7		80		0		0		0		0		0		0		0		0		0				1468		358		0		0

		30		2.3		0		11		220		0		2		6		0		2		5		200		0		3		12		0		0		18		460		0		6		45		0		3		18		850		2		21		85		0		0		0		0		0		0		0		0		0				3574		364		0		0

		16		2.1		1		1		40		0		0		0		1		2		1		40		0		0		0		2		8		2		200		0		0		0		4		15		12		380		0		0		0		10		0		0		0		0		0		0		0		0				1404		0		17		0

		17		2.1		2		0		65		0		0		0		2		6		0		50		0		0		0		2		9		9		160		0		0		0		0		12		3		200		0		0		0		0		0		0		0		0		0		0		0		0				1032		0		4		0

		18		2.1		4		0		110		0		0		0		0		4		8		40		0		0		0		4		13		2		220		0		0		0		4		12		7		150		0		0		0		3		0		0		0		0		0		0		0		0				1140		0		11		0

		19		2.1		2		3		120		0		0		0		0		1		0		17		0		0		0		0		10		7		270		0		0		0		0		12		8		80		0		0		0		0		0		0		0		0		0		0		0		0				1060		0		0		0
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		25		2.2		0		1		18		0		15		170		0		0		0		6		0		13		15		19		0		0		24		1		45		640		15		0		0		12		1		30		385		12		0		0		0		0		0		0		20		18				122		2630		66		18

		26		2.3		8		0		19		0		0		0		0		3		8		220		1		1		2		0		19		15		400		0		2		22		0		12		35		104		0		1		15		0		0		0		0		0		0		0		0		0				1686		88		0		0

		27		2.3		1		1		30		0		0		0		0		0		4		100		0		0		0		0		4		40		470		0		1		0		0		21		55		690		0		0		0		0		10		2		2		0		0		0		0		0				2846		2		0		0

		28		2.3		2		0		5		0		0		0		0		0		3		80		0		0		0		0		10		50		680		0		1		5		0		31		50		660		0		0		2		0		3		0		10		0		0		0		0		0				3155		16		0		0

		29		2.3		2		3		50		0		0		0		0		0		9		130		0		0		0		0		6		35		560		0		0		4		0		14		30		430		0		0		0		0		5		0		5		0		0		0		0		0				2548		8		0		0

		30		2.3		3		10		30		0		0		0		0		0		5		55		0		0		0		0		4		28		290		0		0		0		0		12		33		700		0		0		1		0		7		3		5		0		0		0		0		0				2355		2		0		0

		16		2.1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				0		0		0		0

		17		2.1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				0		0		0		0

		18		2.1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				0		0		0		0

		19		2.1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				0		0		0		0

		20		2.1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				0		0		0		0

		21		2.2		0		1		5		0		1		5		12		1		1		15		0		5		80		20		0		13		100		0		5		100		6		2		8		10		0		10		15		2		0		0		2		0		2		0		7		40				314		444		47		40

		22		2.2		0		2		45		0		5		15		7		1		1		20		0		3		20		6		1		15		60		0		13		200		19		3		8		20		0		11		15		0		0		1		3		0		1		4		2		4				356		569		34		4

		23		2.2		0		0		35		0		15		45		18		1		6		95		0		10		80		10		5		7		250		1		18		230		7		10		15		50		1		22		80		0		0		2		8		0		0		3		0		55				958		1007		35		55

		24		2.2		0		0		7		1		1		12		6		4		40		5		0		8		110		5		1		2		75		2		11		350		12		2		6		25		0		22		300		1		0		0		1		0		1		6		2		5				335		1641		26		5

		25		2.2		0		0		0		0		2		1		1		0		0		0		0		0		3		5		0		2		39		0		10		310		9		1		15		30		1		30		720		0		0		0		3		0		0		0		2		13				177		2154		17		13

		26		2.3		1		1		12		0		0		0		0		1		2		40		0		0		0		0		5		15		420		0		3		30		0		10		10		60		0		0		3		0		0		1		3		0		0		0		0		0				1158		72		0		0

		27		2.3		0		0		12		0		1		0		0		1		2		45		0		0		0		0		18		10		500		0		0		0		0		25		25		190		0		0		4		0		2		0		2		0		0		0		0		0				1660		10		0		0

		28		2.3		2		2		10		0		0		0		0		3		1		110		0		0		0		0		6		15		470		0		0		0		0		17		20		630		0		0		0		0		3		0		15		0		0		0		0		0				2590		0		0		0

		29		2.3		2		4		15		0		0		0		0		0		2		25		0		0		0		0		10		25		620		0		0		0		0		15		28		300		0		0		0		0		2		0		3		0		0		1		0		0				2097		1		0		0

		30		2.3		1		0		2		0		0		0		0		0		0		10		0		0		0		0		12		15		570		0		1		4		0		28		37		540		0		0		2		0		0		0		2		0		0		0		0		0				2432		14		0		0

		16		2.1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				0		0		0		0

		17		2.1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				0		0		0		0

		18		2.1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				0		0		0		0

		19		2.1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				0		0		0		0

		20		2.1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0				0		0		0		0

		21		2.2		1		3		45		0		9		50		6		0		5		50		0		8		180		3		0		4		30		0		8		220		0		1		5		20		0		20		130		0		0		0		7		0		0		1		5		12				335		1251		14		12

		22		2.2		0		6		12		0		10		25		4		4		6		40		0		7		150		8		1		8		45		0		11		130		5		13		18		50		0		15		200		2		0		0		5		0		2		8		2		11				411		1106		21		11

		23		2.2		0		0		2		0		0		3		1		1		6		45		0		5		110		7		0		9		90		1		14		80		9		1		10		60		0		6		50		8		0		2		1		0		0		0		4		9				451		538		29		9

		24		2.2		0		0		15		0		5		20		2		0		3		100		0		10		90		1		3		9		140		0		20		280		4		0		4		40		0		15		150		0		0		0		2		0		0		0		2		7				630		1180		9		7

		25		2.2		1		0		4		0		2		3		0		0		5		25		0		9		150		2		1		1		70		0		17		140		0		0		5		45		0		12		80		0		0		0		0		0		1		1		2		4				314		828		4		4

		26		2.3		1		0		12		0		0		0		0		5		16		260		0		1		4		0		20		28		395		0		2		4		0		14		33		390		0		0		1		0		8		0		0		0		0		0		0		0				2356		24		0		0

		27		2.3		0		1		15		0		0		0		0		6		21		395		0		1		1		0		17		35		460		0		0		5		0		25		40		280		0		0		0		0		1		2		2		0		0		0		0		0				2595		14		0		0

		28		2.3		1		0		4		0		0		0		0		7		14		280		0		0		0		0		12		18		425		0		0		0		0		11		28		350		0		0		0		0		2		0		0		0		0		0		0		0				2302		0		0		0

		29		2.3		1		3		35		0		0		0		0		1		9		260		0		0		0		0		25		38		530		0		0		0		0		7		38		450		0		0		0		0		6		2		0		0		0		0		0		0				2802		0		0		0

		30		2.3		1		4		120		0		0		0		0		8		9		275		0		0		0		0		35		40		770		0		0		0		0		20		35		575		0		2		0		0		3		4		8		0		0		0		0		0				3799		4		0		0





Time-series

		Week		A.pisum		SE		A.ervi		SE				A.pisum		SE		M.viciae		SE		A.ervi		SE				A.pisum		SE		M.viciae		SE

		1		5		0.00		0		0.00				5		0		5		0		0		0				5		0		5		0

		2		220.4		19.17		0		0.00				141.4		20.82		71.6		10.93		0		0.00				166		33.84		91.4		15.08

		3		1608		180.67		2		0.00				1134.8		107.03		276.8		69.53		2		0.00				1206.6		174.07		321.6		62.92

		4		3140.4		281.66		2		0.00				2229.2		160.35		457.4		77.01		2		0.00				2279.8		279.17		588		81.56

		5		2256.6		440.15		0		0.00				1551.8		365.56		456.4		117.59		0		0.00				1681.6		335.94		741.2		203.69

		6		1440.7		119.67		7.7		1.11				841.7		91.82		872.2		182.07		10.4		2.61				1478.7		104.09		1041.3		205.05

		7		3409.1		255.13		7.1		0.87				1493.7		224.66		1183.8		211.51		7.8		1.40				2414.1		256.21		1241.8		270.26

		8		1462.6		142.81		13.2		4.68				804.11		144.32		1287.89		306.48		16.22		6.04				1611.3		135.38		581.8		182.59

		9		1049.8		174.56		11.9		3.46				706.00		298.43		1390.78		270.74		12.11		2.90				2320		322.45		540.8		173.82

		10		1314.8		435.36		6		1.84				575.22		191.58		2414.33		441.36		11.56		2.08				2797.7		236.64		429.5		151.95

		11		648.2		258.66		12.8		4.57				444.00		148.71		2362.33		442.77		8.22		1.75				2255.9		236.73		469.6		231.85

		12		471.6		286.72		4.6		1.94				385.56		116.10		1544.89		267.21		8.11		4.04				2297.2		272.76		399		222.02

		13		142.2		81.58		2		1.21				494.00		143.05		1844.11		242.40		10.00		3.00				2619.1		276.96		295.8		160.97

		14		34.5		28.29		0		0.00				462.00		91.22		1501.33		224.43		10.11		5.15				2042.8		152.43		287.9		182.57

		15		0		0.00		2		0.20				540.56		121.29		1388.56		209.54		10.33		4.02				1809.9		81.32		192.5		131.05

		16		0		0.00		0		0.00				629.78		134.19		1241.00		227.97		9.22		3.51				2637.3		178.26		111.2		60.51

		17		0		0.00		0		0.00				672.33		186.11		1620.33		312.42		8.33		2.87				2385.1		193.17		90.8		37.17

		18		0		0.00		0		0.00				498.22		108.82		1008.78		212.48		19.22		6.40				1748.5		213.39		40.9		21.78

		19		0		0.00		0		0.00				582.22		138.66		1002.56		162.40		7.11		1.37				2423.3		139.52		41.8		30.70

		Week		2				3				4				5				6				7				8				9				10				11				12				13				14				15				16				17				18				19

		Cage      1		234		0		950		2		5264		2		2092		0		1495		10		4400		7		961		8		819		3		665		12		0		15		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		2		134		0		2428		2		2970		2		2284		0		1142		6		3992		4		1383		5		1811		4		2484		4		2004		0		2827		12		378		1		62		0		0		2		0		0		0		0		0		0		0		0

		3		238		0		1348		2		4018		2		4294		0		1528		3		1902		5		1681		21		1057		11		183		1		0		10		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		4		126		0		1710		2		3358		2		4380		0		1244		6		2846		10		1532		45		852		16		514		14		0		50		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		5		216		0		1184		2		2552		2		3814		0		2184		5		3293		12		1226		15		304		31		0		15		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		16		190		0		1050		2		2652		2		1404		0		902		4		3104		6		724		30		90		2		16		4		10		4		0		3		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		17		270		0		1032		2		2580		2		1032		0		1139		8		4738		8		1727		0		1233		4		1932		2		1244		12		874		7		760		1		283		0		0		0		0		0		0		0		0		0		0		0

		18		322		0		1910		2		2616		2		1140		0		1327		14		3197		9		1456		4		1647		2		4396		8		1032		17		929		5		284		11		0		0		0		0		0		0		0		0		0		0		0		0

		19		206		0		2066		2		3026		2		1060		0		1872		10		3236		7		1554		0		1217		28		1514		0		324		13		34		18		0		7		0		0		0		0		0		0		0		0		0		0		0		0

		20		268		0		2402		2		2368		2		1066		0		1574		11		3383		3		2382		4		1468		18		1444		0		1868		22		52		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Sum		2204		0		16080		20		31404		20		22566		0		14407		77		34091		71		14626		132		10498		119		13148		60		6482		128		4716		46		1422		20		345		0		0		2		0		0		0		0		0		0		0		0

		SE		19.17		0.00		180.67		0.00		281.66		0.00		440.15		0.00		119.67		1.11		255.13		0.87		142.81		4.68		174.56		3.46		435.36		1.84		258.66		4.57		286.72		1.94		81.58		1.21		28.29		0.00		0.00		0.20		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Week		2						3						4						5						6						7						8						9						10						11						12						13						14						15						16						17						18						19

		Cage      6		34		42		0		890		264		2		2430		648		2		1734		1168		0		600		2324		13		728		1993		8		555		2793		33		464		3064		7		253		2813		6		276		3118		5		319		1745		6		343		2280		17		558		1687		4		957		1639		7		886		618		12		629		979		22		207		1165		32		176		1680		12

		7		258		60		0		900		324		2		2830		924		2		2204		916		0		544		581		4		1939		886		4		1439		409		8		776		588		19		100		1518		14		104		2766		10		80		2914		1		48		1995		2		74		1973		3		114		2374		3		102		2575		0		222		3264		0		397		1333		0		460		1446		3

		8		220		124		0		1076		790		2		1330		722		2		1038		840		0		717		813		2		2662		1388		3

		9		102		24		0		786		60		2		2962		176		2		2964		310		0		1466		546		22		850		454		7		811		435		55		325		1410		24		39		2767		23		14		4282		7		16		2344		3		84		2432		0		112		2453		0		438		1926		6		664		1410		0		1892		1204		1		1077		144		4		1531		60		1

		10		174		46		0		880		490		2		2162		306		2		3888		350		0		1098		260		26		638		546		7		562		1331		25		201		2066		16		47		2837		10		64		3358		2		82		1383		3		233		2830		4		459		1531		0		482		1674		3		1004		1334		7		806		634		1		663		622		20		932		934		5

		21		128		104		0		1624		234		2		1842		550		2		398		144		0		1043		1270		6		1737		2229		7		372		551		10		418		784		0		769		5218		16		471		1681		15		523		719		4		692		1466		15		909		808		7		549		609		8		1230		1009		35		980		1018		3		314		444		40		335		1251		12

		22		118		46		0		1372		162		2		1808		264		2		498		244		0		696		919		15		1290		1473		8		328		2478		8		211		1871		10		178		2656		4		287		3436		9		168		2068		8		327		2539		1		523		2347		7		1277		1762		5		560		800		4		872		1228		10		356		569		4		411		1106		11

		23		174		106		0		988		104		2		2448		262		2		1106		184		0		693		550		5		2045		1728		4		1418		2014		0		455		669		0		1148		1711		16		1089		1264		0		835		911		3		1343		897		25		750		592		8		507		639		40		852		471		6		344		1052		17		958		1007		55		451		538		9

		24		90		60		0		1062		102		2		2546		312		2		1168		240		0		623		706		6		2172		767		12		1172		872		4		3050		1053		12		1555		428		5		1267		356		11		995		464		40		964		1022		18		289		1221		50		256		1079		3		164		2017		10		184		2574		3		335		1641		5		630		1180		7

		25		116		104		0		1770		238		2		1934		410		2		520		168		0		937		753		5		876		374		18		580		708		3		454		1012		21		1088		1781		10		424		1000		15		452		1356		5		412		1136		8		484		900		12		285		795		18		206		935		9		122		2630		18		177		2154		13		314		828		4

		Sum		1414		716		0		11348		2768		20		22292		4574		20		15518		4564		0		8417		8722		104		14937		11838		78		7237		11591		146		6354		12517		109		5177		21729		104		3996		21261		74		3470		13904		73		4446		16597		90		4158		13512		91		4865		12497		93		5668		11169		83		6051		14583		75		4484		9079		173		5240		9023		64

		SE		20.82		10.93		0.00		107.03		69.53		0.00		160.35		77.01		0.00		365.56		117.59		0.00		91.82		182.07		2.61		224.66		211.51		1.40		144.32		306.48		6.04		298.43		270.74		2.90		191.58		441.36		2.08		148.71		442.77		1.75		116.10		267.21		4.04		143.05		242.40		3.00		91.22		224.43		5.15		121.29		209.54		4.02		134.19		227.97		3.51		186.11		312.42		2.87		108.82		212.48		6.40		138.66		162.40		1.37

		Week		2				3				4				5				6				7				8				9				10				11				12				13				14				15				16				17				18				19

		Cage    11		272		148		2090		292		2050		1082		1216		932		2024		1932		3155		1467		1966		906		1162		714		2847		1126		1620		2124		1091		2088		1057		1226		995		1824		1589		1339		1397		631		1250		338		1118		209		1350		302

		12		64		108		742		186		3270		744		2610		1608		1854		2341		2182		2800		1438		1222		2160		1848		2564		851		1780		655		2321		375		3110		233		2296		205		1989		111		2681		77		2781		25		1546		6		1969		47

		13		34		18		748		122		1680		880		4364		2132		1151		912		1884		1712		1485		322		2158		661		3568		265		2310		214		2030		132		3548		104		2733		70		2087		53		2482		20		2182		38		2045		1		2692		12

		14		132		60		572		526		2454		676		1614		338		1237		572		3949		599		2364		93		3146		118		3370		38		2580		44		2715		24		1763		12		2390		30		1806		41		2732		80		3030		141		2342		19		2061		8

		15		40		166		582		784		1158		626		1350		646		1667		527		2266		502		1424		152		2271		120		3080		116		2793		68		1981		88		2497		88		1831		70		1611		46		2803		136		2018		250		497		77		2307		7

		26		246		120		1774		284		2198		448		1296		324		1298		1185		1329		2433		913		1828		726		934		1212		1314		1094		1427		885		1225		1535		1277		2189		670		1567		323		2083		154		1686		88		1158		72		2356		24

		27		126		30		1000		156		1494		372		1404		244		1054		1108		2993		1080		1924		177		2234		23		3792		10		3549		20		3848		8		3129		4		2006		4		2254		0		3224		2		2846		2		1660		10		2595		14

		28		178		92		1304		244		3452		330		896		552		1217		910		2111		856		1311		297		4128		484		2667		220		1672		16		2680		10		2802		2		1584		2		1497		12		2782		10		3155		16		2590		0		2302		0

		29		358		72		1632		368		1468		358		1238		206		1628		252		2802		191		1959		148		3413		349		2758		117		2110		14		2769		4		3389		0		2243		2		1707		0		2804		2		2548		8		2097		1		2802		0

		30		210		100		1622		254		3574		364		828		430		1657		674		1470		778		1329		673		1802		157		2119		238		3051		114		2652		36		3361		12		2161		2		1992		0		3385		0		2355		2		2432		14		3799		4

		Sum		1660		914		12066		3216		22798		5880		16816		7412		14787		10413		24141		12418		16113		5818		23200		5408		27977		4295		22559		4696		22972		3990		26191		2958		20428		2879		18099		1925		26373		1112		23851		908		17485		409		24233		418

		SE		33.84		15.08		174.07		62.92		279.17		81.56		335.94		203.69		104.09		205.05		256.21		270.26		135.38		182.59		322.45		173.82		236.64		151.95		236.73		231.85		272.76		222.02		276.96		160.97		152.43		182.57		81.32		131.05		178.26		60.51		193.17		37.17		211.52		21.78		139.52		30.70
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								0		0		0		0		0		0

								20.8167667465		20.8167667465		10.9292675367		10.9292675367		0		0

								107.0311273519		107.0311273519		69.5344518926		69.5344518926		0		0

								160.349119112		160.349119112		77.007387813		77.007387813		0		0

								365.5603248591		365.5603248591		117.5879056517		117.5879056517		0		0

								91.8215721446		91.8215721446		182.0652996409		182.0652996409		2.612789059		2.612789059

								224.6565304341		224.6565304341		211.5108507855		211.5108507855		1.3968217893		1.3968217893

								144.3199998118		144.3199998118		306.4792200879		306.4792200879		6.0364121467		6.0364121467

								298.4324788699		298.4324788699		270.7433582738		270.7433582738		2.9032761401		2.9032761401

								191.5772093974		191.5772093974		441.36197037		441.36197037		2.0824072016		2.0824072016

								148.7100086298		148.7100086298		442.7673078366		442.7673078366		1.7541837115		1.7541837115

								116.1040136055		116.1040136055		267.2090548846		267.2090548846		4.0429789775		4.0429789775

								143.0547680669		143.0547680669		242.3984005061		242.3984005061		3		3

								91.2228650674		91.2228650674		224.426119989		224.426119989		5.1517107311		5.1517107311

								121.2865192554		121.2865192554		209.5392505734		209.5392505734		4.0207793606		4.0207793606

								134.1882775326		134.1882775326		227.9714894455		227.9714894455		3.5070475782		3.5070475782

								186.1076450755		186.1076450755		312.4227904619		312.4227904619		2.8674417557		2.8674417557

								108.817989957		108.817989957		212.4782196536		212.4782196536		6.4004725906		6.4004725906
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Comparison for A.pisum



Cage 8

		

		Cage      1		5		234		950		5264		2092		1495		4400		961		819		665		0		0		0		0		0

		2		5		134		2428		2970		2284		1142		3992		1383		1811		2484		2004		2827		378		62		0

		3		5		238		1348		4018		4294		1528		1902		1681		1057		183		0		0		0		0		0

		4		5		126		1710		3358		4380		1244		2846		1532		852		514		0		0		0		0		0

		5		5		216		1184		2552		3814		2184		3293		1226		304		0		0		0		0		0		0

		16		5		190		1050		2652		1404		902		3104		724		90		16		10		0		0		0		0

		17		5		270		1032		2580		1032		1139		4738		1727		1233		1932		1244		874		760		283		0

		18		5		322		1910		2616		1140		1327		3197		1456		1647		4396		1032		929		284		0		0

		19		5		206		2066		3026		1060		1872		3236		1554		1217		1514		324		34		0		0		0

		20		5		268		2402		2368		1066		1574		3383		2382		1468		1444		1868		52		0		0		0

		Cage      6		5		34		890		2430		1734		600		728		555		464		253		276		319		343		558		957		886

		7		5		258		900		2830		2204		544		1939		1439		776		100		104		80		48		74		114		102

		8		5		220		1076		1330		1038		717		2662		2322		0		0		0		2917		0		2062		0		0

		9		5		102		786		2962		2964		1466		850		811		325		39		14		16		84		112		438		664

		10		5		174		880		2162		3888		1098		638		562		201		47		64		82		233		459		482		1004

		21		5		128		1624		1842		398		1043		1737		372		418		769		471		523		692		909		549		1230

		22		5		118		1372		1808		498		696		1290		328		211		178		287		168		327		523		1277		560

		23		5		174		988		2448		1106		693		2045		1418		455		1148		1089		835		1343		750		507		852

		24		5		90		1062		2546		1168		623		2172		1172		3050		1555		1267		995		964		289		256		164

		25		5		116		1770		1934		520		937		876		580		454		1088		424		452		412		484		285		206

		Cage      6		5		42		264		648		1168		2324		1993		2793		3064		2813		3118		1745		2280		1687		1639		618

		7		5		60		324		924		916		581		886		409		588		1518		2766		2914		1995		1973		2374		2575

		8		5		124		790		722		840		813		1388		374		0		0		0		264		0		149		0		0

		9		5		24		60		176		310		546		454		435		1410		2767		4282		2344		2432		2453		1926		1410

		10		5		46		490		306		350		260		546		1331		2066		2837		3358		1383		2830		1531		1674		1334

		21		5		104		234		550		144		1270		2229		551		784		5218		1681		719		1466		808		609		1009

		22		5		46		162		264		244		919		1473		2478		1871		2656		3436		2068		2539		2347		1762		800

		23		5		106		104		262		184		550		1728		2014		669		1711		1264		911		897		592		639		471

		24		5		60		102		312		240		706		767		872		1053		428		356		464		1022		1221		1079		2017

		25		5		104		238		410		168		753		374		708		1012		1781		1000		1356		1136		900		795		935

		Cage    11		5		272		2090		2050		1216		2024		3155		1966		1162		2847		1620		1091		1057		995		1589		1397

		12		5		64		742		3270		2610		1854		2182		1438		2160		2564		1780		2321		3110		2296		1989		2681

		13		5		34		748		1680		4364		1151		1884		1485		2158		3568		2310		2030		3548		2733		2087		2482

		14		5		132		572		2454		1614		1237		3949		2364		3146		3370		2580		2715		1763		2390		1806		2732

		15		5		40		582		1158		1350		1667		2266		1424		2271		3080		2793		1981		2497		1831		1611		2803

		26		5		246		1774		2198		1296		1298		1329		913		726		1212		1094		885		1535		2189		1567		2083

		27		5		126		1000		1494		1404		1054		2993		1924		2234		3792		3549		3848		3129		2006		2254		3224

		28		5		178		1304		3452		896		1217		2111		1311		4128		2667		1672		2680		2802		1584		1497		2782

		29		5		358		1632		1468		1238		1628		2802		1959		3413		2758		2110		2769		3389		2243		1707		2804

		30		5		210		1622		3574		828		1657		1470		1329		1802		2119		3051		2652		3361		2161		1992		3385

		Cage    11		5		148		292		1082		932		1932		1467		906		714		1126		2124		2088		1226		1824		1339		631

		12		5		108		186		744		1608		2341		2800		1222		1848		851		655		375		233		205		111		77

		13		5		18		122		880		2132		912		1712		322		661		265		214		132		104		70		53		20

		14		5		60		526		676		338		572		599		93		118		38		44		24		12		30		41		80

		15		5		166		784		626		646		527		502		152		120		116		68		88		88		70		46		136

		26		5		120		284		448		324		1185		2433		1828		934		1314		1427		1225		1277		670		323		154

		27		5		30		156		372		244		1108		1080		177		23		10		20		8		4		4		0		2

		28		5		92		244		330		552		910		856		297		484		220		16		10		2		2		12		10

		29		5		72		368		358		206		252		191		148		349		117		14		4		0		2		0		2

		30		5		100		254		364		430		674		778		673		157		238		114		36		12		2		0		0





Cage 8

		





		





		





		





		





		

		Hypothese 1:Pisums 1&2.

		Df    Sum Sq   Mean Sq F value    Pr(>F)

		tr            1   2204237   2204237  2.6034    0.1075

		Time          1  52472972  52472972 61.9760 4.208e-14 ***

		tr:Time       1  16839085  16839085 19.8887 1.101e-05 ***

		Residuals   357 302259792    846666

		---

		Signif. codes:  0  `***'  0.001  `**'  0.01  `*'  0.05  `.'  0.1  ` '  1

		Hypothese 2: Megoura's 2&3.

		Df    Sum Sq   Mean Sq F value    Pr(>F)

		tr            1  50747363  50747363  96.021 < 2.2e-16 ***

		Time          1   5457382   5457382  10.326  0.001431 **

		tr:Time       1  25767337  25767337  48.755 1.423e-11 ***

		Residuals   357 188675419    528503

		---

		Signif. codes:  0  `***'  0.001  `**'  0.01  `*'  0.05  `.'  0.1  ` '  1

		Wilcoxon rank sum test on Megoura 2&3 week 19

		W = 323, p-value = 2.53e-05





		





		5		0		0		0		0		0

		220.4		0		19.168956385		19.168956385		0		0

		1608		2		180.6681426754		180.6681426754		0		0

		3140.4		2		281.6563390612		281.6563390612		0		0

		2256.6		0		440.1503833919		440.1503833919		0		0

		1440.7		7.7		119.6714994382		119.6714994382		1.1060440015		1.1060440015

		3409.1		7.1		255.130879267		255.130879267		0.8749603166		0.8749603166

		1462.6		13.2		142.8116241767		142.8116241767		4.6780812781		4.6780812781

		1049.8		11.9		174.5585415969		174.5585415969		3.4623370399		3.4623370399

		1314.8		6		435.3568600075		435.3568600075		1.8439088915		1.8439088915

		648.2		12.8		258.6598710448		258.6598710448		4.5729883252		4.5729883252

		471.6		4.6		286.7178326431		286.7178326431		1.9447936194		1.9447936194

		142.2		2		81.5769302901		81.5769302901		1.2110601416		1.2110601416

		34.5		0		28.2902613789		28.2902613789		0		0

		0		2		0		0		0.2		0.2

		0		0		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0



A.pisum

A.ervi



		5		5		0		0		0		0		0		0		0

		141.4		71.6		0		20.8167667465		20.8167667465		10.9292675367		10.9292675367		0		0

		1134.8		276.8		2		107.0311273519		107.0311273519		69.5344518926		69.5344518926		0		0

		2229.2		457.4		2		160.349119112		160.349119112		77.007387813		77.007387813		0		0

		1551.8		456.4		0		365.5603248591		365.5603248591		117.5879056517		117.5879056517		0		0

		841.7		872.2		10.4		91.8215721446		91.8215721446		182.0652996409		182.0652996409		2.612789059		2.612789059

		1493.7		1183.8		7.8		224.6565304341		224.6565304341		211.5108507855		211.5108507855		1.3968217893		1.3968217893

		804.1111111111		1287.8888888889		16.2222222222		144.3199998118		144.3199998118		306.4792200879		306.4792200879		6.0364121467		6.0364121467

		706		1390.7777777778		12.1111111111		298.4324788699		298.4324788699		270.7433582738		270.7433582738		2.9032761401		2.9032761401

		575.2222222222		2414.3333333333		11.5555555556		191.5772093974		191.5772093974		441.36197037		441.36197037		2.0824072016		2.0824072016

		444		2362.3333333333		8.2222222222		148.7100086298		148.7100086298		442.7673078366		442.7673078366		1.7541837115		1.7541837115

		385.5555555556		1544.8888888889		8.1111111111		116.1040136055		116.1040136055		267.2090548846		267.2090548846		4.0429789775		4.0429789775

		494		1844.1111111111		10		143.0547680669		143.0547680669		242.3984005061		242.3984005061		3		3

		462		1501.3333333333		10.1111111111		91.2228650674		91.2228650674		224.426119989		224.426119989		5.1517107311		5.1517107311

		540.5555555556		1388.5555555556		10.3333333333		121.2865192554		121.2865192554		209.5392505734		209.5392505734		4.0207793606		4.0207793606

		629.7777777778		1241		9.2222222222		134.1882775326		134.1882775326		227.9714894455		227.9714894455		3.5070475782		3.5070475782

		672.3333333333		1620.3333333333		8.3333333333		186.1076450755		186.1076450755		312.4227904619		312.4227904619		2.8674417557		2.8674417557

		498.2222222222		1008.7777777778		19.2222222222		108.817989957		108.817989957		212.4782196536		212.4782196536		6.4004725906		6.4004725906

		582.2222222222		1002.5555555556		7.1111111111		138.6622372868		138.6622372868		162.398610345		162.398610345		1.3687427772		1.3687427772



A.pisum

M.viciae

A.ervi



		5		5		0		0		0		0

		166		91.4		33.8362067745		33.8362067745		15.0762506391		15.0762506391

		1206.6		321.6		174.0702412502		174.0702412502		62.9177946919		62.9177946919

		2279.8		588		279.166290547		279.166290547		81.5625186249		81.5625186249

		1681.6		741.2		335.9371369765		335.9371369765		203.689567725		203.689567725

		1478.7		1041.3		104.0862943267		104.0862943267		205.0548463217		205.0548463217

		2414.1		1241.8		256.2093089644		256.2093089644		270.2582221999		270.2582221999

		1611.3		581.8		135.3845592706		135.3845592706		182.5924301705		182.5924301705

		2320		540.8		322.448169823		322.448169823		173.8163014986		173.8163014986

		2797.7		429.5		236.6431467186		236.6431467186		151.9476700856		151.9476700856

		2255.9		469.6		236.7329226505		236.7329226505		231.8450727917		231.8450727917

		2297.2		399		272.7580042618		272.7580042618		222.0161155312		222.0161155312

		2619.1		295.8		276.9615877899		276.9615877899		160.9687892453		160.9687892453

		2042.8		287.9		152.4268713551		152.4268713551		182.5670318297		182.5670318297

		1809.9		192.5		81.3165898066		81.3165898066		131.0537845483		131.0537845483

		2637.3		111.2		178.2646004617		178.2646004617		60.5122209879		60.5122209879

		2385.1		90.8		193.1739256617		193.1739256617		37.1662331813		37.1662331813

		1748.5		40.9		213.3909427423		213.3909427423		21.7821282503		21.7821282503

		2423.3		41.8		139.5171236006		139.5171236006		30.6997556994		30.6997556994



A.pisum

M.viciae



		Week		A. pisum 1						A. pisum 2						A. pisum 3						A. pisum 4						A. pisum C						Total Ap

				Alates		Apterae		Nymphs		Alates		Apterae		Nymphs		Alates		Apterae		Nymphs		Alates		Apterae		Nymphs		Alates		Apterae		Nymphs

		2		0		2		52		0		1		32		0		2		21		0		0		0		0		0		0		220

		3		0		20		230		0		2		10		0		11		120		0		15		130		0		0		0		1076

		4		0		8		70		3		9		230		1		30		150		0		14		150		0		0		0		1330

		5		0		0		20		1		0		90		5		0		180		10		3		210		0		0		0		1038

		6		3		0		10		17		5		120		30		3		120		3		0		45		5		0		0		717

		7		0		6		310		12		7		340		8		10		350		21		15		250		1		0		3		2662

		8		4		1		65		7		5		120		20		12		500		15		8		400		4		0		4		2322

		9		0		0		45		8		4		200		20		18		370		8		10		370		1		0		1		2108

		10		1		4		160		11		6		300		31		38		510		14		15		410		4		0		3		3007

		11		0		0		65		3		2		215		22		20		420		20		25		275		0		0		0		2134

		12		0		1		125		4		3		240		45		30		480		32		38		460		1		0		0		2917

		13		0		3		120		0		2		360		14		11		410		10		13		330		1		0		1		2548

		14		1		0		21		0		2		250		30		25		550		8		4		140		0		0		0		2062

		15		0		1		75		1		3		175		10		13		330		7		8		235		2		0		1		1719

		16		1		3		55		3		5		215		25		19		480		15		17		360		0		0		2		2398

																																		902

																																		1382

		Week		M. viciae 1						M. viciae 2						M. viciae 3						M. viciae 4						M. viciae C						Total Mv

				Alates		Apterae		Nymphs		Alates		Apterae		Nymphs		Alates		Apterae		Nymphs		Alates		Apterae		Nymphs		Alates		Apterae		Nymphs

		2		0		0		0		0		0		32		0		1		29		0		0		0		0		0		0		124

		3		0		11		85		0		5		70		0		7		100		0		7		110		0		0		0		790

		4		0		9		15		1		7		50		0		14		180		3		12		70		0		0		0		722

		5		1		0		5		1		1		15		5		4		55		18		15		300		0		0		0		840

		6		0		2		14		0		2		130		4		26		160		4		3		60		0		1		2		813

		7		0		1		15		1		4		100		1		22		350		0		25		170		0		1		9		1388

		8		0		0		1		0		1		30		1		5		100		0		6		40		0		2		4		374

		9		0		0		12		0		1		25		0		4		85		0		5		30		0		0		1		325

		10		0		4		18		0		1		70		2		3		110		0		3		35		0		0		1		493

		11		0		0		6		1		0		18		0		2		65		1		1		33		1		1		1		257

		12		0		0		0		0		1		20		0		8		55		0		8		40		0		0		0		264

		13		0		0		0		0		0		15		0		0		40		0		2		25		0		0		0		164

		14		0		0		0		0		1		0		0		1		50		0		2		20		1		0		0		149

		15		0		0		0		0		1		5		0		5		35		1		3		22		0		0		0		144

		16		0		0		3		0		2		13		0		3		18		0		0		10		0		2		1		101

																																		252

																																		676

		Week		Mummies 1		Mummies 2		Mummies 3		Mummies 4		Mummies C		Parasitoids

		2		0		0		0		0		0		0

		3		0		0		0		0		0		2

		4		0		0		0		0		0		2

		5		0		2		5		2		0		0

		6		4		2		2		1		0		2

		7		1		0		0		0		0		3

		8		0		0		0		0		0		0

		9		0		0		0		0		0		0

		10		0		0		0		0		0		0

		11		0		0		0		0		0		0

		12		0		0		0		0		0		0

		13		0		0		0		0		0		0

		14		0		0		0		0		0		0

		15		0		0		0		0		0		0

		16		0		0		0		0		0		0





		



Cage 8.
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Lotka-Volterra competition model

Lotka-Volterra predator-prey model

(i) Intra and interspecific competition for hosts 
(ii) hyperbolic (Type II) functional response
(iii) density dependent parasitoid recruitment

van Veen & al. Ecology, 2005

Foodwebs, interference and coexistence
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Trait mediated indirect effect: Interference of M. viciae
with searching behaviour of the parasitoid.

Foodwebs, interference and coexistence

van Veen & al. Ecology, 2005



Indirect interactions have strong effects on species abundances and coexistence

Network approaches allow understanding cascading effects within communities 
which are pervasive



(iii)
Processes shaping the network architecture of a 

multilevel antagonistic network

From Rezende et al. 2007



From the consumer side: 
exploitative competition

From the resource side: 
apparent competition

--

--

Species should interact with 
different partner to minimise 

competition

Indirect interactions

From Rezende et al., Nature 2007

Closely related species should 
interact with the same species

Phylogenetic constraints

What are the processes shaping network architecture?



The Rush Meadow dataset

Sampling along transects every fortnight between 1994 and 2003

For each date: 
- Nb of plant units/m-2

- Nb of aphids and mummies
- Mummies reared in the lab for identification

The number of individuals of each species per m2

Who eats whom in what numbers



Phylogenetic signal estimated as the 
correlation between ecological and 
phylogenetic distances

Elias & al., 2014

The Rush Meadow dataset



Phylogenetic signal and anti-signal within a network

Elias & al., 2014



Phylogenetic signal and anti-signal within a network

Elias & al., 2014

Strong phylogenetic signal for prey levels

Phylogenetic anti-signal for predator levels

Vulnerability traits are phylogenetically constrained
Foraging traits are phylogenetically labile and        
ecologically contrained



Variation of signal strength with trophic levels

Obs. value Z 
va

lu
es

Lower phylogenetic signal with increasing trophic level for resource species

Stronger phylogenetic anti-signal with increasing trophic level for consumer species

plant phylogeny and chemical cues ?

biomass pyramid ?





Interaction as resources are phylogenetically constrained  evolutionary history of species
Interaction as consumer are not                                               exploitative competition

Bersier & Kehrly, Ecol. Complex.  2008

Phylogenetic signal varies within network

Interactions as consumer Interaction as resource

Phylogenetic signal and anti-signal within a network



From Rezende et al., Nature 2007

What are the processes shaping network architecture?

Closely related species should 
interact with the same species

Presence of a phylogenetic signal
Absence of a phylogenetic signal
Missing data

70% of the 116 genus analysed present 
conserved interactions

Gomez, Verdu & Perfectti, Nature 2010

Phylogenetic constraints



Indirect interactions and effect spread through antagonistic and 
mutualistic interactions

Knight et al. 2005



• Trophic chain with four levels:

aNR, eNR

aPN, ePN

R

N

P

P2

aP2P, eP2P

𝑅𝑅∗ =
𝑑𝑑𝑁𝑁 + 𝑎𝑎𝑃𝑃𝑃𝑃𝑃𝑃∗

𝑒𝑒𝑁𝑁𝑅𝑅𝑎𝑎𝑁𝑁𝑅𝑅
 

𝑁𝑁∗ =
1
𝑎𝑎𝑁𝑁𝑅𝑅

�1 −
𝑅𝑅∗

𝐾𝐾
� 

𝑃𝑃∗ =
𝑑𝑑𝑃𝑃2

𝑒𝑒𝑃𝑃2𝑃𝑃𝑎𝑎𝑃𝑃2𝑃𝑃
 

𝑃𝑃2
∗ =

1
𝑎𝑎𝑃𝑃2𝑃𝑃

(𝑒𝑒𝑃𝑃𝑁𝑁𝑎𝑎𝑃𝑃𝑁𝑁𝑁𝑁∗ − 𝑑𝑑𝑃𝑃) 

Trophic chains: bottom-up and top-down effects















Control by 
resources

Control 
by predators

Alternation of control by predators
and resources in a trophic chain
depending on the number of 
trophic levels

Trophic chains: bottom-up and top-down effects

Hairston et al. 1960
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