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Species loss in ecosystems can lead to secondary extinctions as a result of consumer—resource
relationships and other species interactions. We compare levels of secondary extinctions in
communities generated by four structural food-web models and a fifth null model in response to
sequential primary species removals. We focus on various aspects of food-web structural integrity
including robustness, community collapse and threshold periods, and how these features relate to
assumptions underlying different models, different species loss sequences and simple measures of
diversity and complexity. Hierarchical feeding, a fundamental characteristic of food-web structure,
appears to impose a cost in terms of robustness and other aspects of structural integrity. However,
exponential-type link distributions, also characteristic of more realistic models, generally confer
greater structural robustness than the less skewed link distributions of less realistic models. In most
cases for the more realistic models, increased robustness and decreased levels of web collapse are
associated with increased diversity, measured as species richness S, and increased complexity,
measured as connectance C. These and other results, including a surprising sensitivity of more
realistic model food webs to loss of species with few links to other species, are compared with prior
work based on empirical food-web data.

Keywords: food webs; robustness; secondary extinctions; niche model; species richness;
connectance

1. INTRODUCTION

The threat of extensive current and future biodiversity
loss due to major anthropogenic perturbations such as
climate change, habitat destruction and species intro-
ductions is widely appreciated (Ceballos & Ehrlich
2002; Thomas et al. 2004a,b; Clavero & Garcia-
Berthou 2005; Pimm ez al. 2006; Pounds ez al. 2006),
including implications for ecosystem properties, ser-
vices and functioning (Naeem ez al. 1994; Chapin ez al.
2000; Solan er al. 2004; Zavaleta & Hulvey 2004;
Bunker et al. 2005; Dobson ez al. 2006; Worm et al.
2006). However, the impact of primary species loss on
the potential for other species to go secondarily extinct,
through coextinctions of tightly dependent species
(Koh et al. 2004; Biesmeijer er al. 2006; Rezende
et al. 2007; Lafferty & Kuris 2009) and extinctions that
cascade through ecological communities via complex
networks of species interactions, is a critical component
of understanding the true magnitude of the extinction
crisis that we face. Research focused on cascading
secondary extinctions has been referred to collectively
as ‘community viability analysis’ or CVA (Ebenman
et al. 2004; Ebenman & Jonnson 2005). CVA ranges
from empirically grounded evaluations of the effects of
losing particular species in actual communities to
theoretical treatments of simulated species loss in
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model systems, with many gradations in between (for
review, see Ebenman & Jonnson 2005). Such research
has even been extended to ancient paleocommunities
(Roopnarine 2006; Roopnarine ez al. 2007).

The present study falls on the theoretical end of that
spectrum, and focuses on simulated species loss in
structural food-web models, i.e. models that generate
networks of unweighted feeding interactions by dis-
tributing L links among S species according to a few
simple rules (e.g. Cohen & Newman 1985; Williams &
Martinez 2000, 2008). This approach fills a gap between
research that simulates extinctions in empirically-based
datasets that document the complex link topologies of
actual ecological communities (Solé & Montoya 2001;
Dunne et al. 2002a, 2004a; Allesina & Bodini 2004;
Memmott et al. 2004; Srinivasan et al. 2007; Petchey
et al. 2008), and research that simulates extinctions in
dynamical models of species interactions, which typi-
cally use Lotka-Volterra type dynamics and focus on
low-diversity communities (S<15) with simplified net-
work structures (Pimm 1979, 1980; Borrvall ez al. 2000;
Lundberg et al. 2000; Jordan ez al. 2002; Ebenman ez al.
2004; Eklof & Ebenman 2006; Jonsson et al. 2006;
Petchey er al. 2008).

Because researchers cannot do the obvious canonical
experiments by going into natural ecosystems, inducing
the extinctions of single or multiple populations in
controlled, replicated, multi-factor ways at useful spatial
scales, and then tracking the whole community over an
appropriate time period for secondary extinctions, they
have to use various other approaches to evaluate
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Extincrions in model food webs
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Figure 1. Secondary extinctions resulting from the primary loss of most-connected species. S refers to species richness and
C refers to connectance. The generalized cascade data (yellow circles) and nested hierarchy data (blue circles) are generally
obscured by overlapping niche model data (red circles). The cascade data are shown by the upper green circles and the random
beta data are shown by the lower black circles that sometimes overlap the lower border of the graph when there are no secondary
extinctions. Each data point represents a mean across 500 model webs. Panels are shown in order of increasing connectance
(1) C=0.05, (ii) C=0.10, (iii) C=0.15 and (iv) C=0.30) and increasing species richness ((a) S=25, () S=50, (¢) S=100 and
(d) §=200). Secondary extinction curves end at the point at which approximately 80% of all taxa have gone extinct.

secondary extinction risk. No particular method will
give a singularly correct or general answer, and different
methods often provide apparently conflicting results for
the same or closely related questions. However, much
can be learned by employing a wide range of methods
and comparing their results with an understanding of
each method’s assumptions, limitations and utilities
(Dunne et al. 2004b). Thus, we suggest that a certain
proliferation of methods for evaluating cascading
extinctions in ecological communities is a good thing
at this time, although it will be important to weed out
more irrelevant results and approaches and weave
together a coherent understanding from what is left
standing (Ebenman & Jonnson 2005).

One central issue is whether diversity and complexity
influence the susceptibility of communities to secondary
extinctions. This question is an outgrowth of inquiries
on the relationship of community stability to diversity
and complexity that date back decades (e.g.
MacArthur 1955; May 1973), which have spawned a
wide range of current research (McCann 2000; Ives &
Carpenter 2007) of which studies focused on species
interaction networks are one off shoot. Here, as in a
number of related studies, we focus on the simplest
formulations of diversity, defined as species richness
(S), and complexity, defined as connectance (C), the
proportion of possible links among S species that are
actually realized (L/S?). A variety of other, more
complex ways of characterizing aspects of community
organization are possible, such as ‘trophic diversity’
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(Petchey et al. 2008). Susceptibility to secondary
extinctions is also quantified in a simple way—
‘structural robustness’ (R) is the proportion of primary
extinctions that lead to a particular proportion of total
extinctions, equal to primary plus secondary extinc-
tions (Dunne ez al. 2002a, 2004a; Srinivasan er al.
2007). A species goes secondarily extinct if it loses all
its resource species. This is an obviously limited view of
extinction risk, since the loss of top predators cannot
lead to secondary extinctions, and basal species
(plants) cannot go secondarily extinct. Studies focused
on species dynamics suggest that structural robustness
defines a minimum level of secondary extinctions that
might be experienced by a community (e.g. Ekl6f &
Ebenman 2006). By ignoring dynamics and interaction
strengths, structural approaches trade one kind of
ecological ‘realism’ for another—the study of systems
with more realistic levels of species richness and
more realistic topologies than dynamical models can
presently accommodate.

Analysis of structural robustness has thus far been
limited to simulations of species loss in empirical food
webs compiled from ‘real-world’ data for trophic
interactions among co-occurring species in particular
habitats (Dunne ez al. 2002a, 2004a; Srinivasan et al.
2007). However, the apparent topological complexities
of empirical food webs appear relatively well described
by various recent network structure models based on
simple resource assignment rules with stochastic
elements (Williams & Martinez 2000, 2008; Stouffer
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