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The species scaling law and the link scaling law of community food webs
can be derived from a simple mathematical model, called the cascade
model, which incorporates the link-species scaling law. In the previous
test of this model against data on 62 community food webs, the ratio of
links to species is estimated from aggregated data on all webs taken
together, on the assumption that the ratio is independent of the number
of species in the web. This paper demonstrates that the ratio of links to
species shows no pronounced increasing or decreasing trend, but varies
substantially, over the observed range of variation in the number of
species in a web. However, the ratio is higher for webs in constant
environments than for webs in fluctuating environments. When the ratio
of links to species is estimated separately for each web, the cascade model
provides a good description of the numbers of intermediate species and
of basal-intermediate, intermediate—intermediate, and intermediate—top
links, aside from a single outlying web. The cascade model provides a fair
description of the numbers of top and basal species, and a rather poor
description of the number of basal-top links. The model describes the
kinds of species and kinds of links of constant and fluctuating webs about
equally well.

1. INTRODUCTION

A food web is a set of different kinds of organisms and a relation that shows the
kinds of organisms, if any, that each kind of organism in the set eats. A community
food web is a food web whose vertices are obtained by picking, within a habitat
or set of habitats, a set of kinds of organisms (hereafter called species) on the basis
of taxonomy, size, location, or other criteria, without prior regard to the eating
relations (specified by trophic links) among the organisms (Cohen 1978, pp. 20-21).

In paper I (Cohen & Newman 1985) several models were proposed to describe
the structure of community food webs. When models were tested against data on
62 community food webs in paper I, a crucial parameter in all the models, namely
the ratio of links to species, was estimated from the aggregated data on all webs
taken together. One model, the cascade model, successfully described, to a first
approximation, the proportions of all species that are top, basal and intermediate,
and the proportions of all links of each kind.
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The purpose of this paper is to test how well the cascade model describes webs
when the ratio of links to species is estimated separately for each web.

In §2 we describe the cascade model, show how to estimate the parameters of
the model, and verify the correctness of the estimation procedure. In §3 we test
the assumption, made in paper I, that the ratio of links to species is constant for
all webs. We then test seven predictions of the cascade model, estimating this ratio
separately for each web. In §4 we evaluate the results of this paper and relate them
to the results of paper I.

We shall use a number of terms with special meanings that are given in §2 of
paper 1. These terms include: web, species, link, predator, prey, top, proper top,
intermediate, basal, proper basal, adjacency matrix, isolated, triangular. We shall
not repeat the definitions here.

Webs are classified as arising in ‘fluctuating’ or ‘constant’ environments. The
environment is considered to be ‘fluctuating’ if the original report indicates
temporal variations of substantial magnitude in temperature, salinity, water
availability or any other major physical parameter. The magnitude, and not the
predictability, of the fluctuations is the criterion of classification. Since the
classification of an environment as constant or fluctuating is to some extent
subjective, we point out that this task was carried out before we had analysed the
webs and uncovered any pattern.

The 62 webs analysed here are drawn from published studies. They include the
40 webs assembled and described by Briand (1983). Of these, 13 are drawn and
corrected from the 14 originally used by Cohen (1978). Details of the webs not yet
presented will be published elsewhere (F. Briand, unpublished data). These data
are used by Briand & Cohen (1984) and Cohen & Briand (1984).

2. THE CASCADE MODEL AND PARAMETER ESTIMATION

The cascade model assumes that the S species of a web may be labelled from
1 to § so that, for some finite positive real number ¢ < 8, the probability that
species j feeds on species ¢ is 0 if j < ¢. If ¢ < j, then j feeds on ¢ with probability
p = ¢/8 and does not feed on ¢ with probability ¢ = 1 —¢/S, independently for all
1<i<j<s.

All numerical predictions of the cascade model depend on the values of the
model’s two parameters ¢ and 8. These two parameters, in turn, depend only on
the observed numbers of links and of species.

In the data we shall use to test this model, only proper top species (that is, those
that eat at least one other species) and only proper basal species (that is, those
that are eaten by at least one other species) are reported. Thus the total number
of observed species in a web is not S but the number of not isolated species. The
true number S of species in the web is not directly counted.

The expected number E(N) of not isolated species depends on both ¢ and 8
according to (6.3¢) in paper I. Similarly, the expected number E(L) of links in a
web depends on ¢ and S according to (6.5) in paper 1. To test the predictions of
the cascade model with individual webs, we estimate ¢ and S by the method of
moments. That is, if §” is the observed number of species (that is, S’ is the observed
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value of the random variable N, the number of not isolated species), and L’ is the
observed number of links (that is, L’ is the observed value of the random variable
L, the number of links in a web), we replace K(N) on the left of (6.3¢) in paper 1
by S" and E(L) on the left of (6.5) in paper I by L’. The resulting equations are
restated as (A 1) in the appendix. We then solve this system of two nonlinear
equations for the two unknowns ¢ and § by using Newton’s method, as described
in the appendix, except for the one web with §” = 3. For this web, we take § = 3
and then compute ¢ by solving (A 1a).

As a check on the correctness of the numerical solutions ¢ and S, we used the
numerical values of ¢ and S to compute E(L) from (6.5) in paper I and E(N) from
(6.3¢) in paper I. In figures not shown, we plotted L’ as a function of the calculated
E(L) and 8 as a function of the calculated E(N). A line of slope one through the
origin passed through all the plotted characters except, as expected, the web with
S’ = 3, verifying that the computed numerical solutions for ¢ and § in fact satisfy
(A 1) adequately.

The computed values of S are not in general integers. We could force them to
be integers by replacing § with the integer closest to S and then solving (A 1 a)
for a new value of c. A simpler alternative, which we adopt here, is to interpret
the equations of the cascade model derived in paper I as applying whether S is
integral or positive real.

From (6.3 ¢) in paper I or (A 1b), it follows that if S > 1 and e™® < 1, then S is
approximately §’. In the data plotted in figure 1, § does not greatly exceed the
observed values of §’. In fact S—8" < 2.1 for all webs but one. For the one
exceptional web (Paviour-Smith 1956), S—8" = 5.5, where 8 = 37.5. This excep-
tional case is visible as the outlying fluctuating web in the lower right corner of
figure 1. Briand & Cohen (1984) also noted that this web was an outlier on a plot,
of prey against predators based on unlumped data. This web appears to be unusual
in both the relation between links and total species and the relation between pred-
ators and prey.

3. TESTING THE PREDICTIONS OF THE CASCADE MODEL

The tests of the cascade model in paper I use a single value of ¢ for all webs.
If this procedure is correct, then a plot of ¢ against S, estimated individually for
each web, should display no increasing or decreasing trend. Substantial variability
in ¢ as a function of S is expected because the realized number of not isolated species
need not exactly equal the mean E(N) and the realized number of links need not
exactly equal the mean E(L).

Figure 1 shows that there is no evidence of a pronounced trend in the estimated
c as a function of the estimated S. Because S and S—1 are close to the observed
number 8’ of not isolated species, the observation that ¢ = 2L’/(S—1) has no
significant trend as a function of § follows from the link-species scaling law (paper
I) that L’/8’ has no increasing or decreasing trend as a function of §’.

The observation of a slightly positive slope in figure 1 is consistent with two
earlier observations. First, by using multiple versions of the unlumped community
webs of Cohen (1978), Yodzis (1980) observed that with increasing S, the observed



