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Bounds on food web
connectance

REIMANEK AND STARY! have shown that
the product of the number of species in a
community (m) and the proportion of
possible interactions (C) is a constant;
that is, their relationship is hyperbolic.
Though the authors present this as only
an empirical result it is consistent with
May's? result derived from
considerations of model stability.
However, an alternative, perhaps simpler
explanation suffices. Suppose that each
species in a community has a number of
predator and prey species independent of
the number of species in the community.
The number of interactions in the system
scales in proportion to the number of
species in the system. However, the
potential number of interactions scales as
m(m—1), if we exclude intraspecific
effects. Thus, the connectance scales as
1/(m—1) which, for large m will be
indistinguishable ~ from  the  result
predicted by May® Such hyperbolic
relationships between spccies number
and connectance are apparent in a
number of collections of food webs®*
though Rejamanek and Stary’s data are
unique in being collected by the same
authors on comparable systems.

Although [ agree that stability
constraints make interesting predictions
about food web design® 7, many of
which are supported by data in the
real world*7, hyperbolic relationships
between C and m must be considered
ambiguous: a constant number of
predators and prey per species might be
caused by various factors other than
system stability.

The webs shown in Fig. 1 of ref. 1 are
quite remarkable in that they lack
species that feed on more than one
trophic level (omnivores). Omnivores
average one per top predator in food
webs dominated by vertebrates and
considerably more in webs composed of

insects, their parasitoids and
hyperparasitoids*. The absence of
omnivores may be a result of omitting
hyperparasitoids  (which are highly

omnivorous), and (or) placing emphasis
on the prey’s predators, rather than all

the prey of a particular predator.
Considering only a species’ predators
gives source wcbs, in  Cohen’s®

terminology, considering all the prey
gives sink webs. Cohen’s single sourcc
web is also unusually simple*’. If
omissions have becn made they will
reduce the connectance of thc webs.
Counting interactions directly betwecn
species that share the same food supply
implies competition over and above that
for these shared resources. Even
intraspecific interference appears unusual
in insects, though data are few®. Adding
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connections in this way will increase the
apparent connectance.

Finally, I must caution the use of
May’s inequality for the kind of data
discussed here. May’s result that mC
should be less than one divided by the
squared interaction strength comes from
the application of the semicircular
law® 1. Assuming a number of features
which, at best, are only approximated by
insect population dynamics, one obtains
this result: a semicircle describes the
frequency distribution of the real parts of
all the eigenvalues. The semicircle is
centred on the average of the self-limiting
terms in the system. May assumed all the
self-limiting terms to be unity and so
unity appears in the numerator of the
inequality. This is probably appropriate
for communities composed entirely of
resource limited competitors, but does
not seem reasonable for food webs. Here,
only species at the base of the web are
likely to suffer external rtesource
limitation'?, though the phenomenon of
‘pseudo-interference’ in insect parasitoid
systems will add more self-limiting
terms'2'13, In short, if connectance were
to be restricted by stability
considerations, one might expect the
limit to be related to the number of
externally resource limited species, and
for this number to vary between systems.
I thank Post et al.'* for a discussion on
this last point.
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REJMANEK AND STARY REPLY -Pimm is
right to suppose that the number of
predators and prey per species may be
independent of the number of species in
the community (or, more precisely, there
is a constant mean number of edges per
vertex in diagrams of food webs).
Unfortunately, this fact can hardly be
viewed as an attribute of species per se.
At the moment, dynamical community
constraints seem to provide a more
plausible explanation of why mC is
constant.

In his discussion Pimm repeats in
more words what we said in our last
sentence!, and we agree with him. Only
the introduction of hyperparasitoids of
the genus Dendrocerus (Hymenoptcria,
Ceraphronoidea) and predators of the
family Syrphidae (Diptcra) into our!
plant—aphid- parasitoid food webs raises
the value of mC to a figure comparable
to the mean for Cohen’s web collection.
On the basis of data available to us?, the
mC product for Cohen’s ‘community’ and
‘sink’ food webs exhibited mean values of
4.21 and 5.29, respectively.

Incidentally, hyperparasitoids of
aphids are rarely omnivorous® 7. A high
proportion of omnivorous species seems
to be typical of inherently unstable
communities such as inhabitants of oak
galls®.

Pimm’s most important point is the
question of the number of self-limited
species in real food webs. According to
him, diagonal elements of interaction
matrices should be zero for all consumer
species. The importance of the number of
externally resource limited species for
stability of such matrices has been
stressed by Saunders®. We agree that
self-regulation of consumer species is
rather rare in nature and only scattered
evidence!®1? supports May’s'4
assumption of self-regulation at all
trophic levels. The constant value g;=
—1 is, of course, artificial and .has been
chosen by May to set a time scale for
damping time. Some  increasing
probability density function on the
interval (—1,0) seems to be more
realistic. This implies shifting the critical
values for stability in May’s model to
lower ‘tolerable’ connectance. But most
of the links in food web diagrams are in
no way density dependent or
controlling'3>. Then, an increasing
number of species does not necessarily
cause a decrease in the probability that
the interaction matrix will be stable
(resilent in the sense of Harrison'®): the
main point of our! letter.
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