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Abstract. The covariance among a range of 20 network structural properties of food webs
plus net primary productivity was assessed for 14 published food webs using principal
components analysis. Three primary components explained 84% of the variability in the data
sets, suggesting substantial covariance among the properties employed in the literature. The
“rst dimension explained 48% of the variance and could be ascribed to connectance, covarying
signi“cantly with the proportion of intermediate species and characteristic path length. The
second dimension explained 19% and was related to trophic species richness. The third axis
explained 17% and was related to ecosystem net primary productivity. A distinct opposite
clustering of connectance, the proportion of intermediate species, and mean trophic level vs.
the proportion of top and basal species and path length suggests a dichotomy in food-web
structure. Food webs appear either clustered and highly interconnected or elongated with
fewer links.
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INTRODUCTION

An increasingly wide variety of properties is employed
to describe and analyze food-web network structure
(Warren 1994, Williams and Martinez 2000). Analysis of
the empirical values of these properties has played a
central role in the search for generalities of food-web
structure (Briand and Cohen 1984, Hall and Raffaelli
1991, Martinez 1991, Bengtsson 1994, Williams and
Martinez 2000, Dunne et al. 2002a).

With the advent of more detailed, highly resolved data
sets it has become apparent that many food-web
properties are ••scale dependent•• with the number of
trophic speciesS (Martinez 1991, 1994, Bengtsson 1994)
or connectance C (Williams et al. 2002). S and C
themselves appear to covary negatively, particularly at
low S for food webs from different communities
(Beckerman et al. 2006). However they appear indepen-
dent across food webs from the same community
(Warren 1994) or community type (Martinez 1992).S
and C have been usefully applied as the only parameters
in simple models of food-web structure (Williams and
Martinez 2000, Cattin et al. 2004, Stouffer et al. 2005).
However, there has yet to be a study that looks

systematically at the interdependencies of the wide
range of network properties and food webs currently
used in modeling and analysis, and to what degree these
properties covary withS and C. We address this issue by
using a standard principal components analysis and
examine the following questions: (1) Can the multidi-
mensionality implied by a wide range of network



reported in Williams et al. (2002), Path covaried with
axis 1 and was negatively correlated withC (Fig. 2a).
Contrary to what was reported in Dunne et al. (2002b),
the proportion of omnivores also covaried with axis 1
and was positively correlated withC (r ¼0.56,P , 0.04;
Fig. 2b). The proportion of intermediate species also
positively correlated with C. The negative correlation of
MaxSim with NPP (Fig. 2c) suggests that taxa in food
webs become trophically less similar, hence more
diverse, with increasing productivity. Because this was
only apparent as a third dimension in the overall
variability, it suggests that the search for productivity…
diversity generalizations may well be hampered by the
stronger signals of other principal components. The
distinct opposite clustering along the “rst axis of
connectance, the proportion of intermediate species
and mean trophic level on the one hand, and the
proportion of top and basal species and path length on
the other suggests a dichotomy in web structure: food

webs are either clustered and highly interconnected or
elongated with few links.

A comparison among freshwater, marine, and terres-
trial food webs is hampered by the unequal distribution
over these categories and the limited size of our data set.
A MANOVA was carried out comparing these three
with connectance (C) and trophic species (S) as
covariables to look for pattern over-and-above that
spanned by the “rst two principal components. A
signi“cant difference among the three types was only
found for the proportion of herbivores, which includes
detritivores (P ¼0.018), for omnivores (P ¼0.001), mean
trophic level (TL, P ¼ 0.002), and GenSD (P ¼ 0.045).
Freshwater systems had a higher proportion of herbi-
vores and a lower mean trophic level. Possibly, the
freshwater food webs had a higher proportion of plant
and detritus eaters because the micro-algal diversity in
benthos and plankton is high. A high diversity in
herbivores follows, and also of Int, but not of higher

FIG. 2. Variability among selected properties of 14 well studied food webs: (a) Path length vs.C (connectance), (b)C vs. Int
(intermediate taxa, open symbols) andC vs. Omn (omnivores, solid symbols), (c) MaxSim (maximum trophic similarity) vs. NPP
(net primary productivity); (d) CLUST (clustering coef“cient, fraction of species pairs connected to the same species that are
connected to each other) vs. TL (mean trophic level) broken down for terrestrial, marine, and freshwater food webs.
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