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ODE Ordinary differentia/ equations, MTE metabolic theory Of eCOIOgy Dormann & Bruthgen in “Food Webs: Science for Impact”, Moore et al Eds



Tripartite food webs

1,523
parasitoids
from 166 spp.
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38 tree spp.

Lowland secondary rainforest vegetation in Papua New Guinea Jan Hreek et al. 2013 Oecologia 173: 521



Food-web attribute Biological meaning

Taxa richness (S)

Number of trophic links (L)

Linkage density (= L/S)

Connectance (C) (= L{S%)

Generality (G)
Vulnerability (V)
Food chain

Mean chain length (mean FCL)

Maximum chain length (max FCL)
Number of basal taxa (b)
Number of intermediate taxa (i)

Number of top taxa (t)

Prey:predator (= {b + i}At + i})

Robustness

Number of taxa (nodes) in the food web.

Number of directed feeding links (edges) between taxa.

Number of links per taxon. A measure of mean dietary specialisation across the food web [90].
Proportion of potential trophic links that do occur. An indication of degree of inter-connectivity in a food
web, typically 0.05-0.30 [91,92].

The mean number of prey per consumer [93].

Mean number of consumers per prey [93].

A distinct path within the food-web matrix from any taxon down to a basal taxon (a taxon which feeds on no
other taxa) [18].

Average number of links found in a food chain across a food web [94]. Food-chain length appears to be
reduced by disturbance and increased by higher energy supply and increased ecosystem size [21-23].
The maximum number of links found in any food chain in a food web [94].

The number of taxa which do not consume any other taxa, by definition autotrophs.

The number of taxa which are both consumed by, and consume, other taxa.

The number of taxa which are not consumed by any other taxa.

A measure of food-web ‘shape’; high values are more triangular, low values are more ‘square’ in shape.
When <1 the food web has an inverted structure that might indicate instability. Note criticisms of this
attribute [95] and its sensitivity to the common practice of aggregating of low trophic level taxa.

The minimum level of secondary extinction that occurs in response to a particular perturbation (species
removal) [96].

S=9 L=10

Robustness = 2.5 L/S=10/9=1.1 C=10/92=0.12
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TREE 7, 689



Why are trophic chains limited to 3-4 trophic levels?

(1) History of community organization

Ecologically isolated \
or evolutionarily young '55
\ Not isolated or

\

\ evolutionarily young

FCL is limited by the \
history of community \'.
organization 3(

(2) Resource availability

"'/Niry low resource availability
Typical range of resource /

availabilities /

FCL is short and
f resource availability
J determines FCL

(3) Predator—prey interactions

Predator—prey interactions
are not size limited
(predator size = prey size) Predator—prey interactions are
size (gape) limited
(predator size = prey size)

Evolutionarily stable
FCL is ~ three trophic
levels

(4) Disturbance

Not subject frequent or Subject to frequent or
intense disturbance intense disturbance

FCL determined by
some aspect of
ecosystem size

FCL limited by stability?
Colonization ability?

TRENDS in Ecology & Evolution

Energy flow hypothesis: 90% of energy lost in every trophic transfer
[but more prodictive environments do not have longer chains]

Stability hypothesis: trophic chains integrate population variability of
all their component species so that long chains can become
unstable, with the extinction of the top species

Design constraints hypothesis: it is difficult to come with a predator
capable of feeding on the existing top predators [have to be big,
therefore low population density] or parasitising the existing
hyperparasites
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D. M. Post 2002. TREE 17: 269



Leaf-miner species (dots) connected by shared parasitoids:
qualitative and quantitative description of reality
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Bipartite network metrics: weighted links

Interaction strength

Interaction btrenglh of species j on species i (b;) can be defined by the proportion of interactions
between i and j (a;;) of the total interactions recorded for i; thus b; = a; ’Z’r _, a;. For mutualistic
networks, Jordano (1987) and Bascompte et al. (2006) used b;; as a meabure of dependence of
species 7 on its partner /. Asymmetries of interaction btrenglh can be defined as A4S}, = (b;; —

b;))/(b;; + b;;), where bj; 1s the reciprocal dependence of species j on species 7 (see Babeompte et al.
2006, Bliithgen et al. 2007 Vazquez et al. 2007).

Interaction diversity

The Shannon dlverblly of links is #, = 1 I a,} ’A i) In(a;/A;)] for prCleb i, or for the whole web,
H> = — Z‘; L 2oy [(ag/m) ln(a,, m)] Wllh A = Z |aji and m = Z Z" 1;;. Their reciprocals e/
and e exprebb the equivalent “effective™ number 0[ lll’lkb (see Berbler et al 2002).

Interaction evenness

Based on Shannon diversity, the interaction evenness 1s E; = H;/In L; for each species, or for the
whole web, E> = H,/In L, where L; is the number of links of species i, and L is the number of all
links. First suggested by Bersier et al. (2002), these measures or other standard diversity metrics
have been applied to different interaction networks (e.g., Sahli and Conner 2006, Albrecht et al.
2007, Tylianakis et al. 2007).

Welghted generality and Vulnerabﬂlty

The welghled analog of generality can be derived from Shannon diversity of links (H,), represenling
the mean ellecuve links per consumer G, = (1/1) Z , e, or as the weighted mean G qw =
> (Ai/m)ef (Bersier et al. 2002, with equallonb based on logs instead of In). For welghted
vulnerability, replaee i by jand I by J

Bluthgen et al. Ecology, 89(12), 2008, pp. 3387-3399
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Quantitative plant - herbivore matrices and their uses

Diversity of host plants

5
Pl 0O 0 0 8 8 H. = — ﬁ o ﬁ
P2 5 5 0 0 10 Nk ~ 7, 335
I=I. i_:r i.l!l-
P3 2 2 1 0 5
Sum 7 7 1 8 23

plant-herbivore matrix

Diversity of host plants for herbivore HI:
H: - [(5/7)*log,(5/7)+(2/7)*log,(2/7)] = 0.863

2H =1.82 = the number of interactions occurring

in equal proportion that would produce the same value
of H.

QUANTITATIVE DESCRIPTORS OF FOOD-WEB MATRICES

Louls-FELIX BERSIER, ¥ CAROLIN BANASEK-RICHTER.! AND MARIE-FRANCE CATTIN!

Ecology, 83(9). 2002, pp. 2394-2407



Quantitative plant - herbivore matrices and their uses

dominance of herbivores on each plant

H1 H2 H3 H4  Sum
P1 0.00 0.00 0.00 1.00 1.00

H1 Sum P2 050 050 0.00 000 1.00
P1 0 0 3 P3 040 040 020 000 1.00
=3 5 5 0 0 10 Sum 0.90 090 020 1.00
P32 2 1 0 5 dominance of plants in herbivore's diet
Sum 7 7 1 8 23

. . HI H2 H3 H4 Sum
plant-herbivore matrix P1 000 000 000 100 1.00
P2 071 071 000 000 143

P3 029 029 100 000 157

: . Sum 1.00 1.00 1.00 1.00
two matrices multiplied:

T om0 | oco | 1op mros P1 ocho 0H020 0H030 1Hc?0 ?ng 2L al as aif Sum

P1 0.00 0.00 000 1.00 1.00 . . . . .
P2 050 050 000 000 100 X P2 071 071 0.00 000 143 = P1 000 000 0.00 1.00 1.00
P3 040 040 020 0.00 1.00 P3 029 029 1.00 0.00 157 P2 0.36  0.36 0.00 0.00 0.71
Sum 090 090 0.20 1.00 Sum 1.00 1.00 1.00 1.00 P3 011 011 0.20 0.00 043

Sum 047 047 020 1.00

Host plant isolation: Probability
that a randomly selected
conspecific herbivore feeds on
the same plant species

Leaf chewing rainforest herbivores
New Guinea
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a) Perfectly f) Most exclusive Nestedness:
nested (R, fixed) (R, fixed) the extend to which are

species-poor communities
subsets of species-rich ones
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)] Parasitoids (scale: hosis x 5.1)
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Chagrcus (3 —6) Almus (9-12)

Parasitoids of a leaf-mining genus Phyllonorycter in England
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Leaf suckers

7 =
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Herbivore guilds in tropical
H. rainforest New Guinea
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Phloem suckers
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Novotny et al. 2010
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Direct and indirect interactions in a simple food web

A
| Ants
5 + 8
K 2N o/ f}l TONGYy
lSpl:lI-:-bugbl | Leafrollers | | Leal bectes |

Willow

Direct [blue] and indirect [red] interactions between willows
and 1nsects 1n Japan.
Plus and minus signs indicate effect on the target species.

Ohgushi, Annu. Rev. Ecol. Evol. Syst. 2005. 36:81-105




Apparent competition

. Apparent Competition caused
Competition (true) by shared consumer.

Indirect interaction: an effect of

Consumer 1 Consumer 2
Q<> ] one species on another,
v mediated through the action of
. shared natural enemies.

(a) (b)

‘~ Weaker
‘ predatmn

lL

Fig. 9.6 Apparent competition between two species A and B through their shared predator P.
In (a), an increase in A leads to an increase in P, which, in turn, feeds more heavily on B. In (b),
an increase in A prompts P to feed more heavily on A, resulting in the latter’s overall decline,
whilst B suffers less predation.




Plant-leat miner-parasitoid food web 1n a forest understorey in Belize

Removal of a single host plant species eliminated its specialist leaf-
miners (hatched) but also caused an increase in abundance and lower

Perasitolds

parasitism of other spp. (red, blue) connected via shared parasitolsdenossxsss
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Figure 1 Quantitative food web'™ showing leaf-miner species (bottam barg), parasitoid
apecias (tap hars), trophic links amang them, and the spacies pradicted to be affected by
the manipulation. Cafconmyza sp. B and F. falmairel were directly affected by host
plant ramaowal, Dipteran leaf-minar spacies present during the sampling period and

¢ _— Lanf rirwes
ﬁ Totel host dengy: 1.93 mre
Colyerariyzt 43, 8 S

predictad to be affectad indiractly via parasioids sharedwith Cafvoomyzasp. B are shown
in rad. Tha heatle P cofans (blug) was atso predicted o be affectad indirectly by the
manipulation through parasitoids that it shares with P fadmadiral Only hosts from which

Pamasiiclos verg mamd are shown In e vel. Morris et al. 2004. Nature 428:30



http://nathistoc.bio.uci.edu/diptera/Calycomyza%20enceliae.htm

Ficus

F. pachyrrhachis
F iodiotricha

F. pachyrrhachis
F. dammaropsis

F wassa

F. wassa

Novotny et al. 2005, J. Biogeogr. 32:1303

Asota
plana

Phyliris
moira

lalanga
excelsalis

Euploea
leucosticos



Food web 1

X | Food web 1 only

X | Food web 2 only

P1 - P3: plant species p | Plant species in 1 web only

H1 - H4: herb.wore.spemes‘ - Herbivore species in 1 web only
X - plant-herbivore interaction

- Plant & herbivore spp. in 1 web only

Novotny 2009, Insect

0 Plant & herbivore spp. in 2 webs Conservation &
Diversity 2:5-9
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Predators can reduce
inter-specific competition
among their prey species

o o 3K Pisaster (starfish)

Paine's intertidal zone experiment: Removal of
) starfish predator Pisaster resulted in one Mytilus
Thais (snai) 1 sp. species competitively dominating the system and
\ f driving other species to extinction

NN
o8 5

7
)
]
o

Chitons  Limpets Mytilus Acorn Mitella
2 spp. 2 spp. (bivalve) barnacles  (goose
1sp. 3 spp. barnacle)

Robert Paine
1933-2016




nature ecology & evolution
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nature > nature ecology & evolution > analyses > article

Top 10 from the top 100 papers in ecology:

Analysis ‘ Published: 13 November 2017

100 articles every ecologist should read

Franck Courchamp &7 & Corey J. A. Bradshaw

Darwin, C.R.; Wallace, A.R. 1858. On the teﬁdency of species to form varieties; and on the perpetuation of varieties and species by natural means of
selection. Journal of the proceedings of the Linnean Society of London Zoology 3:45-62

Hardin, G.J. 1968. The tragedy of the commons. Science 162:1243-1248

Paine, R.T. 1966. Food Web Complexity and Species Diversity. The American Naturalist 100:65-75

Hutchinson, G.E. 1961. The Paradox of the Plankton. The American Naturalist 95:137-145

Hutchinson, G.E. 1959. Homage to Santa Rosalia or Why Are There So Many Kinds of Animals? The American Naturalist 93:145

MacArthur, R.H.; Wilson, E.O. 1963. An Equilibrium Theory of Insular Zoogeography. Evolution 17:373-387

Hutchinson, G.E. 1957. Concluding Remarks. Cold Spring Harbor Symposia on Quantitative Biology 22:415-427

Hairston, N.G. ; Smith, F.; Slobodkin, L. 1960. Community structure, population control, and competition. The American Naturalist 94:421-425
Connell, J.H. 1978. Diversity in tropical rain forests and coral reefs. Science 199:1302-1310

Janzen, D.H. 1970. Herbivores and the Number of Tree Species in Tropical Forests. The American Naturalist 104:501

Authors all UK/USA, nine papers published between 1957 and 1978. Hutchinson authored 3 papers! Average 1.4 authors per paper.



Top-down regulation: introduction of rats on polar islands
caused decrease in marine birds, increase in molluscs,
decrease in algae and thus increase in anemones and
barnacles

introduction of rats
decrease of birds
increase of molluscs
decrease of algae

increase of anemones
and barnacles

direct interactions =——>
indirect interactions ......... >

Kurle et al. 2008, PNAS 105:3800
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Trophic cascades across ecosystems

q | Pollinator

More pollinators visited Hypericum plants near ponds
with fish, which reduced larval density of dragonflies,
predatory in their adult stage on the pollinators

20—

15

10

Magnitude of pollen limitation

Fish

No fish




Food webs: the end

the barnacle-encrusted bilge from the secret files of
R E D M E AT pump on your sunken dreams Hﬂ}f Ea nnﬂ N

| got me a job st month workin® at the | don't know what their problam is. Them
city zo0. My job was to feed them polar bears seemed to [ike them penguing way
bears, but they told me | was fired today. better than smelly buckets of dead fish.

ROV LTIMGIr MY NONNT) IV BLELCT




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24

