Interaction strength is a characteristic of ecological systems, most often used in studies of
stability and robustness. There are about as many measures of interaction strength as there are
studies on interaction strength and robustness, and they give different results. What makes a
network stable? A particular pattern of interaction strengths (defined how?) The presence of
“key” species (those that have the most or strongest interactions?)... The list goes on.

Interaction strengths can be approached either as a property of the individual links
between species or as a property of a network as a whole. Here are some measures that have
been used.

For individual relations:
Coefficients in the Lotka-Volterra interaction matrices, o
-can include non predator-prey interactions
-scaled
Assumptions:
-dependence, linearity, perturbations are small

Relative Prey Preference
f~ (consumption of ith prey species)
total consumption
-easier to measure than Lotka-Volterra coefficients
-difficult to account for time evolution: doesn’t allow prey preference (or interaction
strength) to depend on prey abundance
-difficult to get an analytic result for the entire system

Total Biomass Flow:

-weight each interaction (represented by a matrix) by total amount of biomass flowing
between links

-this technique is described in detail in the paper by Bersier et al.

For entire systems or networks:

Link Density
-average # of links per node
-also assumes no time or density dependence
-system-wide measure (rather than individual measure)

Cluster Coefficient:
-likelihood of nodes being connected to the nearby nodes
-large CC ~ strongly interacting network

Shortest mean path length:
-average shortest path length between any two nodes
-small SMPL ~ stronger interactions

There’s a great list with descriptions of different ways of looking at interaction strengths in
Berlow et al. Here I’ve copied it and pointed out the particular strategies I looked at in more
detail:



Table 1. Multiple theoretical and empirical metrics of interacticn strength in food webs

Interaction
strength Level of
metric What it measures measuremant Advantages Disadvantages Example references
Interaction Interaction coefficiznts Property of Can beexplicit cosfficients  Thedistribution of elementsin Kokkoris ¢ /. (2002)
matnx (o )ina individual link ina L-V equation the interaction matrix does not
Lotka-Volterra Includes nontrophic necessanily pradict the
multispecies compatition inleractions distribution of dements in the
moda Simple relationship with ‘community matrix’
Canbegeneralzad to the the community matrix Assumes linsar functional
partial derivative of coe under some circumstances  Tesponseorconstantinisraction
spacies’ parcapita growth Faalitates cross-system strength for each directad link
rate with respect to small compareon because Measures effects of very small
changes nancther species’ the cosfficients are parturbations, and thus may
abundance (see independent of population  not always apply to largs
Appendix 1) size perturbations typical of most
Units: (v'c") empirical studies
Community See Appendix 1 Property of Includes non-trophic Onlyvabd inasmall vicinityof  de Ruiter et al (1995)
(Jacobian) Partial dernvative of one  individual link inleractions the state whers itiscakulated  Schmitz (1997)
matnx spacies’ growth rate with Analytically tractable Local stability analysis at Ives et al. (1999a)
respect to small chanpes At equilibrium, it gives equilibrium may not inform
in another spacies’ informatica about Jocal global stability in responsa to
abundance stability large parturbations and non-
Units: () Can be measured at any equilibrium situations
state, althcugh may not Valuzs depend on spacies’
give information about population size
stability at a non- Aszsumes linsar functional
equili brium one response orconstantinleraction
strength for sach directed link
Measures effects of very small
perturbations, and thus may
not always apply to largs
parturbations typical of most
empirial studies
Ioverse Changeintheequilibcium  Wheole system Similar to a typical ‘press’  Similar to the interaction Bender et al. (1984)
interaction density of one spaciesin | respocse perturbation experiment matrix Yodzis (1963)
matnx response to achange in
the carrying capacty of
another spacies (see
Appendix I)
Unaits: (nt)
Total direct and indirsct
effects of coe species on
another
Non-linear Number of prey Property of Interaction strength more  Real form in nature unknown  Beddington (1975)
functional consumed as a function  individual link realistically varies with Nco-linsar function makes Abrams & Ginzburg
responze of prey density and prey and peedator deneity  analytical solutions difficult (2000
pradator density or Critical for paramaterizing  unless clear equilibrium exists ~ Ruesink (1993)
pradator-peey ratios dynamic models Doss pot measure peay rasponss
‘Top-down' measurs of Difficult to measurs forallbuta
consum ption infensity few interactions, and difficult
Varous units to measure in an uncontrived
(or natural) setting
Relatnve prey Fraction of a predator’s  Property of Easyto tune ina dynamic  Limited to numericalsimulation  Yodzis & Innes (1992)
preference maximum consumption  individual link model Difficultto interprat simulations  McCann et @, (1996)
rate thatis targeted toa  whenassignad a2 Standardizes all ISrehative  bacause strengthening one link
specific pray item value inamodal  to maximum Empirically simultanscesly weakens ancther
Top-down measure of Whele system tractable Doss pot measure pesy response
consum ption infensity property when Snapshot in time, will probably
measured vary with the prasence/
empircally abundance of alternate pray
Maximum Measurss maximum Property of Isclates potential diract Ignores functional rasponse Sala & Graham(2002)
consumptica  consumplion per unit individual link effect on prey Does not measure peey
rate time ca foeed abundance A model parameterthat & response
of peay empirically tractable in
Measurss "top-down' field or hboratery
potential consumpticn




Table 1. Comtimmed

Interaction
strength Level of
metric What it measuras measurameant Advantagss Disadvantages Example referances
Biomass fix  Absolute or relative Property of Common currency Dozs not measure sither prey  Banke et al. (2001)
magnitude of biomass individual link Potentially can be derived  or predator response Bersier et al. (2002)
flowing from prey to from first principles (body  magnitude Cohen et al. (2003)
predator per unit time size, abundance, matabolic
raiss)
Changein Effect of changing the Whole system Stability measured as Not anahytically tractable McCann et al. (1998)
population abundancect onespacies  response population variability is Diffcult to explore paramater  [ves et o/, (20037
variability on the pattern of empirically tractable space if imvestigated with
population variability of oumerikcal simalaticas
another species
Link density ~ Measures the numberof  Whole system Identifies boundary Assumes links ars tamporally  Sok & Montoya
ingoing and/or outgoing  response conditicns for sacondary constant, and no prayswitkching  (2001)
links toXrom a species Node property  extinctions (e.g. predator if pradatorlosssall preyspecies  Dunne o @, (2002)
Daletion ‘experiments’ rather than link  loses all its prey) Difficult to estimate offects of
focus on ‘bottom-up’ propesty Identifies easily solated predator on prey
effects of pray on spacies Cannot estimate effects of
predator Easy to measure chang=s in prey or predator
density
Secondary Number of spacies that  Whole system For extreme cases, bottom-  Toincludeallcases, canonlybe  Borrvall et al. (2000)
extinctions goextinct asa resultof  response up affects of peayon predator - measured with numenical Sck & Montoya
parturbing a given can be measurad from simulation of population (2001)
spacies topelogy of links alons dynamics Dunne et al. (2002)
Theorstical results are
empirically t2stable
Absclute prey  Absolule changzsinone  Whole system Characterizes visually Difficult to compars across Many feld
response spacies’ abundance or response dominant effects sites of varying productivity or  experiments where
blomass in responss to Highlights effects on spp . density response variabkes are
typically large changes dominant species Snapshot in time Space (2.g. untransformed
in ancther spacies’ ignores functional response)
abundance (e.g. spacies Difficult to separate direct and
removal) indirsct effacts
Measured either as a
per capita effect ora
species-level effect
‘Paine’s Index”  ‘Absolute prey response’  Whole system Comparable acress sitesof  Snapshot in timeSpace (2. Pain= (1992)
standardized by scme response vanying productivity ignores functional response)
measure of prey Highlights effects onrare  Difficult to separate direct and
abundance spacies indiract effects
Measured either as a
per capita effect ora
species-leved effact
Logresponse  Logof the ratio of pray  Whole system Comparable acrosssitesof  Snapshot in time Space (2.g. Berow et al. (1999)
ratio abundance ‘with’ vs. response vaning productivity ignares functional response) Laska & Wootton
‘without' predators Dces not depend ca Difficult to separate direct and ~ (1998)
Measured either as a per equilibrium conditions indiract effects
caplta effect or a species- Works well for shoet-term 1S approaches zero at
kevel effect experiments equilibrium
Statistical Measures magnitude of  Whole system Can estimate from Can be difficult to interpret Woctton (199)
correlation correlatica batwesn response obzervaticoal data meachanisms Pfister (1995)
change in one species Includes noo-trophic Difficult to separate direct and ~ Ives et o/, (1999a)
and change in another interactions indiract effacts
Snapshot in time (e.g. gnoras
functional rasponses)
Frequancy of  Frequency of hosts that Whole system Easy to measure Cannot estimate host response Hawkins & Carnell
consumption  are parasitized (e.g. propesty Can estimate kay magnitudewhenotherformsof  (1994)
parasite pravalence) parametersindscrate-time  predation ars an important Maller et al. (1999)
host-parasite models source of host mortality Montoya et al. (2003)
Measures bost resporse a5 Snapshot in time (e.g. gnorss
the abundance of bostsin  functional rasponses)

the next generation




Here are the references I used, which give a more detailed picture of particular methods.

Berlow, Eric, et al. “Interaction strengths in food webs: issues and opportunities.”
Journal of Animal Ecology. 2004. 73, pp. 585-98.

This paper is a great overview of the methodology, uses, and limitations of the various
characterizations of interaction strength. It includes the summary table I inserted above,
plus lots more explanation and discussion.

Bersier, Louis-Felix, Carolin Banasek-Richter, and Marie-France Cattin. “Quantitative
descriptors of food-web matrices.” Ecology, 83(9), 2002, pp. 2394-2407.

This paper uses experimental food web data to compare methods weighting the network
by biomass flow.

De Ruiter, Peter C, Anje-Margriet Neutel, and John C. Moore. “Energetics, Patterns of
Interaction Strengths, and Stability in Real Ecosystems.” Science. Vol. 269. 1 September
1995, pp. 1257-60.

This paper investigates patterns of interaction strength (top down vs bottom up) and their
effect on ecosystem stability.

Sole, Richard V. and Jose M. Montoya. “Complexity and fragility in ecological
networks.” Proc. R. Soc. Lond. B. 268. 2001, pp. 2039-2045.

This paper looks at patterns in ecological networks and relates them to network and
ecosystem stability.




