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IMPROVING FOOD WEBS!
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A food web is the pattern of flows of energy and
materials among organisms that results when some
organisms eat or consume other living organisms or
their parts. A food web sometimes incorporates flows
between organisms and the abiotic or dead biotic en-
vironment, including decomposers and detritus. Based
on analyses of existing webs, experience constructing
webs, the needs of prospective theories about food webs,
and the requirements of practical managers of ecolog-
ical systems, this paper offers some recommendations
to improve future reports of food webs.

Improved webs are important because they can help
answer basic scientific questions about biotic com-
munity organization and can help solve practical en-
vironmental problems. The availability of food to eat
and the risk of being eaten are among the major factors
that influence the population dynamics and the evo-
lution of most species. Treating species in isolation or
in relation to principal predators or prey species ne-
glects the possibility of more complex evolutionary and
ecological interactions via the food web and other path-
ways (Pianka 1987).

Many practical problems could benefit from a better
understanding of food webs. For example, biological
concentration of toxins and pollutants could be better
predicted if food webs were known better. Strategies
for integrated pest management, control of disease vec-
tors, industrial waste-water treatment, and wildlife
conservation could be developed better if the conse-
quences of modifying webs by adding or deleting spe-
cies could be foreseen.

A step toward understanding the dynamics of com-
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munities is to describe the pathways along which feed-
ing interactions occur. That largely descriptive task is
the topic of this note. Food web studies do not replace
experimental studies of the mechanisms by which pop-
ulations interact, but complement such studies, be-
cause it is risky to extrapolate from the operation of
an experimentally demonstrated mechanism to the ef-
fect of an intervention in a real community.

Need for standardization.— A major obstacle to fur-
ther progress in understanding food webs is the weak-
ness of the available data base (Paine 1988 and many
others). This weakness is more severe than a matter of
not having enough reports of webs. A bigger problem
is the lack of methodological standards for defining,
observing, and reporting webs (Closs 1991). Because
many published webs are by-products of research with
other aims, webs per se and their comparability across
studies often received little attention. Recent studies
show that food webs would reward more careful treat-
ment.

A historical example suggests that a constructive
consensus on how to improve food webs can be de-
veloped. During the International Biological Pro-
gramme, >100 woodland sites were described using
standard forms developed during workshops (De-
Angelis et al. 1980). The data were useful in cross-site
comparisons.

Tentative nature of these recommendations. — Because
food webs are constructed for many different habitats,
involve enormously diverse organisms, and are con-
structed by individuals or groups with varying philos-
ophies, the following recommendations are general.
They mainly concern goals rather than detailed means
and methods. The recommendations should be viewed
as proposals for standards, rather than as apodictic
revelations of the right way to do things. The tone of
voice is tentative. Offering recommendations should
stimulate discussion on how food webs can be im-
proved.

Many of these recommendations have been made
elsewhere. It seems useful to collect, amplify, and clar-
ify these recommendations in a single place. Though
many of our observations may seem obvious, we had
difficulty finding published reports that conform to some
of the most essential recommendations. The rarity of
exemplary webs suggests that few ecologists have fol-
lowed procedures that, when stated here, may seem to
be common sense.

Drafts of this note circulated among students of food
webs in November 1990, March, April, and December
1991. All co-authors and commentators made written
contributions.
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Recommendations

The recommendations call for two broad categories
of improvements: more explicitness and more ex-
haustiveness. Explicitness should be achievable in a
study of any scope, large or small. Exhaustiveness may
be difficult with limited resources but is a worthwhile
goal.

Priorities.—Field workers with different special in-
terests and goals will establish differing priorities among
the recommendations proposed here. Nevertheless, a
shared guide to establishing priorities ought to be that
another investigator could repeat the work and have a
substantial probability of obtaining compatible results.
This guide entails explicitness at each step in planning,
executing, and reporting field work. Explicitness entails
the costs of systematic documentation and reporting,
but increases the objectivity, accuracy, and cumulative
usefulness of the data. If a study follows our strong
recommendation that yield—effort curves be reported
for observed species and links, readers can judge the
study’s usefulness for their own purposes.

What constitutes a minimum viable food web data
set depends on the purpose of the study. To illustrate,
one investigator may include the most abundant spe-
cies (as measured, e.g., by biomass) that constitute two
thirds of the total biomass in the habitat, and the tro-
phic relations among these species; another may study
the species with an annual energy flux (or carbon flux,
etc.) above a certain level, and the trophic relations
among these species. These studies have different goals,
but both make clear how the components of the web
were selected, what was omitted, and how to go about
replication in another habitat if desired.

As more comprehensive, more detailed, more ex-
plicit webs become available, smaller, highly aggre-
gated, incompletely described webs may progressively
be dropped from analyses of web structure (though
such webs may remain useful for other purposes, such
as pedagogy). Consequently, any boundary between
“good’” webs and ““bad’’ webs is neither sharp nor sta-
tionary.

The setting.— The setting of a food web study should
be delimited with precision, including the longitude,
latitude, and altitude (or depth of trawl or net) of thie
study area (for biogeographical comparisons), the ob-
jective means of defining the boundaries of the study
area, the precise dimensions of the physical volume
included if the volume is fixed, a description of the
extent to which the study area may shift in time, the
time interval over which observations were made, and
the number of hours of direct observation or other
quantitative measures of sampling effort. Where ap-
propriate, the observer should report how sampling
effort was allocated to different organisms or different
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portions of the community. Observations should be
logged with place and time for investigations of spatial
and temporal heterogeneity in webs.

The setting should be characterized objectively. The
goal of a particular study may influence the choice of
a characterization. Among the possibilities are means
and variabilities (over specified time intervals) of en-
ergy inputs, of total primary productivity (allocated, if
possible, among primary producers), of physical pa-
rameters such as temperature, humidity, precipitation,
salinity, and depths of the thermocline and euphotic
zone, and of measures of habitat structure and hetero-
geneity. Estimates of the abiotic resources (or stocks)
within and flows across the boundaries of the setting
could be combined with food web data to give full
biogeochemical cycles. Such data make it possible to
relate web structure to environmental features.

Information about the surroundings of the imme-
diate study site is valuable, and sometimes essential.
For example, a hectare of isolated woodlands should
be distinguished from a hectare that belongs to a vast
tract of forest; the amphibians or dragonflies in the
food web of a temporary pond depend on the sur-
rounding terrestrial environment. The history of the
site may be important, e.g., the timing and the nature
of past disturbances and, in some aquatic systems, pre-
vious weather.

Explicit reports of sampling design and effort would
make it possible to develop spatial and temporal hi-
erarchies of food webs. For example, the web of a large
terrestrial or marine predator may span an area of tens
to hundreds of square kilometres, while many different
webs (connected only by top predators, which would
appear locally as transient species) could be reported
from different habitats ranging in size from square
metres to hectares within the same large area. In the
temporal dimension, time-specific webs observed over
successive brief intervals in a given region could char-
acterize the dynamics of a cumulative web observed
in the same region over months or years.

Units of reporting. Organisms.—The kinds of or-
ganisms in a food web should be reported by using
units of observation that are as refined as possible.
Aggregating units of observation for subsequent anal-
ysis is easy, whereas disaggregating them is often im-
possible. An appropriate level of aggregation depends
on whether the strength of feeding links is reported
qualitatively or quantitatively. When feeding links are
reported qualitatively (present or absent), no infor-
mation is lost by aggregating organisms into trophic
species while retaining the taxonomic identifiers of the
organisms belonging to each trophic species. A trophic
species is defined as a largest set of organisms with
identical sets of predators (if any) and identical sets of
prey (if any). When quantitative information about the



