
Introduction

Predation is frequently considered of primary impor-

tance among community control mechanisms (e.g., Mar-

galef 1968), while other interactions (like mutualism) are

ranked lower in significance. The important role of com-

petitive interactions has also been acknowledged (e.g.

Schoener 1983), sometimes as complementing predation

control (Hairston et al. 1960, Menge and Sutherland

1976). But, traditionally, the food web approach (Cohen

1978, Pimm 1982) is considered probably the best in an-

alysing community control.

However, as the additivity of pairwise interspecific

interactions is frequently criticised (Kareiva 1994, Woot-

ton 1994b, and a case study by Morin et al. 1988), studies

on indirect effects (Abrams 1983, Billick and Case 1994,

Menge 1995, Abrams et al. 1996, Menge 1997, Morin

1999) lead to a very complex view on how communities

are organised. But it should be emphasised that food webs

are not just simple collections of predatory links but also

give much useful information about a number of impor-

tant indirect effects (e.g., exploitative competition as a

logical consequence of two predatory links). Thus, the

network perspective of ecology (Higashi and Burns 1991)

is far more useful than sometimes thought.

In this comment, in connection with a thrilling case

study (Palomares et al. 1995), I suggest a simple graph

theoretical model estimating quantitatively the local and

global power of indirect effects. This case study gives an

excellent example for how an indirect effect (here, a tro-

phic cascade) can be stronger between two species than a

direct interaction (predation). Such cases (where

“threads” are stronger than “chains”, see Power et al.

1996) strongly claim for quantitative studies on indirect

control (see also the experimental approach by Wootton

1994a).

The problem

Rabbit is the main food of Iberian lynx in the Doñana

National Park, Spain. Lynx also eats smaller predators

(SPs, e.g. mongoose), that are in turn important consum-

ers of rabbit (Figure 1). The combination of the direct

feeding links between lynx and SPs, and between SPs and

rabbit results in a density-mediated indirect link between

lynx and rabbit (a trophic cascade effect, Paine 1980).

Thus, between lynx and rabbit there is (1) a direct, posi-

tive, bottom-up link (food supply), (2) a direct, negative,

top-down link (predation), and (3) an indirect, positive,

top-down interaction (trophic cascade). Interestingly, the

indirect trophic cascade effect has been shown to be

stronger than the predatory interaction, i.e., more lynx

means more rabbits, even though the first is a predator of

the second (Palomares et al. 1995). This case study is one

of the many recent results claiming for quantitative ap-

proaches in estimating (or even measuring) the impor-

tance of indirect control on population dynamics. Both

experimental (see Wootton 1994a) and theoretical

(Ulanowicz and Puccia 1990) studies may be helpful.
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If our knowledge from direct, pairwise interactions

must be complemented by explicitly studying indirect in-

teractions, food webs may seem to be less useful than we

think first. However, the majority of indirect interactions

can be predicted from trophic networks (another example

is apparent competition, Abrams and Matsuda 1993),

while others cannot (indirect mutualism also involves a

competitive link not shown in a trophic network, see

Abrams et al. 1996). If some top-down control mecha-

nisms are implicit in trophic networks (like the trophic

cascade from lynx to rabbit), trophic flow networks could

be analysed also in the top-down direction (Jordán et al.

1999, Jordán 2000). In this case, not only nutrients or en-

ergy are traced but various kinds of trophically mediated

regulatory effects, too (these webs could be named tro-

phic interaction networks, as a combination of interaction

webs, sensu Paine 1980, and trophic networks). In the fol-

lowing, I present two graph theoretical indices of trophic

interaction networks whose combinations are proposed to

estimate the power of indirect effects in community con-

trol.

An approach

The number of points connected to the x
th

graph point

gives how many direct trophic interactions species x has

(degree, D). These can be either “predation” or “food sup-

ply” links, in top-down or bottom-up directions, respec-

tively, given by in-degrees (Din) and out-degrees (Dout),

respectively. D characterises locally the direct trophic

control ability of species x.

A graph theoretical index (status, Harary 1961) has

been slightly modified in order to be ecologically more

reasonable (keystone index, Jordán et al. 1999). This in-

dex (Kx) refers to both direct and indirect effects, by quan-

tifying the positional importance of species x within a net-

work. Here, importance means the number of points

disconnected from their sources by deleting species x (re-

call the dynamical version of this structural approach,

Pimm 1980):

where

- n is the number of predators eating species x,

- dc is the number of preys of its c
th

predator,

- Kbc is the Kb index of the c
th

predator; and symmetri-

cally,

- m is the number of preys eaten by species x,

- fe is the number of predators of its e
th

prey, and

- Kte is the Kt index of the e
th

prey.

The network analysis of an hypothetical food web

(Figure 2) is presented and the structural indices of “spe-

cies” are given in Table 1. Since D and K characterise di-

rect and direct plus indirect positional effects, respec-

tively, their certain combinations (K-D and K/D) may

estimate the power of indirect control. However, it is hard

to predict whether K-D or K/D gives a better measure of

the strength of indirect control; their combinations clearly

identify some domains containing characteristically dif-

ferent graph points (Figure 3) as follows: (1) open circles:
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Figure 1. Trophic interactions between lynx, rabbit and

smaller predators (SPs, like mongoose) in Doñana National
Park, Spain. The food web explicitly involves predatory
links (direct, negative link; thin arrows). The trophic cas-
cade effect (indirect, positive links; thick, dotted arrow) is
implicitly given  in the food web (after Palomares et al.
1995).
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Figure 2. An hypothetical food web containing 12 species

and predatory links between them.
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either producers or top-predators with many links; (2)

open square: either producers or top-predators with an av-

erage number of links; (3) open diamond: either produc-

ers or top-predators with a single link; (4) full square: in-

termedier species with few links (let “few” mean D ≤ 3);

and (5) open triangle: intermedier species with many links

(let “many” mean D > 3). Based only on topology, the

predictive power of these estimations are still in question.

Nevertheless, considering how many types of indirect ef-

fects are implicitly given in a food web graph, it is sup-

posed that these structural indices are worth, at least, for

a rough inquiry.

Discussion

Based on topology, the network perspective helps in

placing pairwise interactions into the context of whole

trophic networks. This way, it is possible to estimate the

strength of indirect effects, either locally (comparing spe-

cies within a network) or globally (comparing average

values of communities). Of course, factors other than

topological also influence direct and indirect control on

population dynamics. Thus, the relationship of direct and

indirect effects between lynx and rabbit is not yet predict-

Table 1. Simple graph theoretical indices characterising species (referred to as �points�) of the food web shown in Fig. 2

(see explanation in text).

Figure 3. The indirect control ability of species (referred to as �points�), based on topology, is shown on the plane defined

by K-D and K/D. Indirect control is stronger if K-D and K/D are larger. Their combinations define domains of indirect con-

trol abilities.
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able at all but a possibly helpful quantitative approach has

been suggested.
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