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ARTIFACTS OR ATTRIBUTES? EFFECTS OF RESOLUTION ON THE
LITTLE ROCK LAKE FOOD WEB!

NEO D. MARTINEZ
Energy and Resources Group, University of California, Berkeley, California 94720 USA

Abstract. A detailed and relatively evenly resolved food web of Little Rock Lake,
Wisconsin, was constructed to evaluate the sensitivity of food-web patterns to the level of
detail (degree of resolution) in food-web data. This study presents definitions (e.g., eco-
system food webs) and methods for constructing and reducing the resolution of food webs
to provide relatively pragmatic and rigorous touchstones for consistency in future food-
web studies. This analysis suggests that food-web patterns such as the scale-invariant links-
per-species ratio, short chain lengths, and limited number of trophic levels are constrained
by the resolution of food-web data rather than by ecological factors. Patterns less sensitive
to changes in resolution such as directed connectance (the proportion of observed directed
links to all possible directed links) may be robust food-web attributes.

The food web of Little Rock Lake appears to be the first highly and evenly resolved
food web of a large natural ecosystem originally documented for the purpose of examining
quantitative food-web patterns. This ecosystem food web contains roughly twice as many
species as the largest web to date. It also may provide the most credible portrait available
of the detailed trophic structure of a whole ecosystem. The 93-trophic-species web of Little
Rock Lake differs from previously published trophic-species webs by having more links
per species (L/S = 11), longer chain lengths (average: =10, maximum: > 16), species at
higher trophic levels (maximum: = 12), higher fractions of intermediate species, and smaller
fractions of top species and links to top species.

The sensitivity of quantitative food-web patterns to changes in resolution was examined
in several series of trophically aggregated Little Rock Lake webs. Each of the series starts
with a highly and relatively evenly resolved web with 182 consumer, producer, and de-
composer taxa and ends with low-resolution webs with 9 aggregates of taxa. Taxa were
aggregated based on the proportion of predators and prey shared by the taxa. Different
series of webs were generated using different criteria for linking aggregates to evaluate the
sensitivity of food-web patterns to linkage criteria.

The sensitivity analysis revealed that several, but not all, quantitative food-web patterns
are very sensitive to systematic aggregation of the web. Sensitive patterns include number
of links per species, linkage complexity, the distributions of chain lengths and species
among trophic levels, and the proportions of top species and links to top species. Less-
sensitive patterns include connectance, the ratio of predators to prey, the proportions of
intermediate and basal species, and the proportions of links that are between intermediate
and basal species. Directed connectance is the only pattern examined that is both very
robust to trophic aggregation and generally comparable to other community webs. Quan-
titative food-web patterns in published community webs are generally similar to highly
aggregated Little Rock Lake webs (versions with 9—40 aggregates). These findings suggest
that previously described community food webs are severely aggregated versions of more
elaborate webs similar to that of Little Rock Lake.

Key words:  aggregation; community food web; connectance; ecosystem food web; food chains; food
webs; linkage criteria; Little Rock Lake; quantitative Jfood-web patterns; resolution; trophic levels; Wis-
consin.

INTRODUCTION

Quantitative patterns in food webs have been the
subject of controversy for several years. To some ecol-
ogists the patterns are considered remarkable regular-
ities in ecosystem structure (e.g., May, 19834, Briand
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and Cohen 1984, Holling 1986). To others the patterns
do not deserve interpretation (Paine 1983). Critics of
the data argue that “artistic convenience” (Paine 1988),
“the workings of the human mind” (May 1988), and
cultural differences among sub-disciplines of ecology
(e.g., terrestrial vs. aquatic ecologists, May 1983a) may
be responsible for certain patterns. Interpreters with
more confidence in the data argue that ecological phe-
nomena such as environmental variability (Briand
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1983a), dynamics (Pimm 1982), energetics (Yodzis
1981, 1984), and ecosystem type (Briand 19835, 1985,
Briand and Cohen 1987) constrain food-web structure.
Here I argue that most published food-web patterns
appear to be artifacts of poorly resolved data. Still,
quantitative food-web study is warranted by the pos-
sibility that more directly and objectively compiled,
evenly resolved data may point toward robust food-
web attributes. The discovery of such attributes may
lead to new insights (Cohen 1989a) and predictive power
in ecology (Martinez 1988, Peters 1988).

Conclusions from food-web analyses have been much
discussed (DeAngelis et al. 1983, May 19834, Strong
1988, Lawton 1989, Roughgarden et al. 1989) and
structural food-web studies represent an active area of
theoretical ecology. An attractive aspect of this work
is the capability to compare quantitatively whole com-
munities and ecosystems (Cohen 1989a). Such com-
parisons may delineate constraints and similarities in
all ecosystems (Cohen 1978, Pimm 1982, Sugihara
1983, Briand and Cohen 1984, Cohen and Briand 1984,
Cohen and Newman 1985, Cohen et al. 1985) and also
in certain types of ecosystems (Briand 1983a, b, 1985,
Briand and Cohen 1987). Several excellent papers sum-
marizing food-web controversies have been published
recently (Strong 1988, Lawton 1989).

Most food-web patterns are based on analyses of
poorly resolved webs (Paine 1988, Lawton 1989), with
an average of =20 species or less (e.g., Rejmanek and
Stary 1979, Pimm 1982, Cohen and Briand 1987, Su-
gihara et al. 1989). This analysis complements the oth-
ers by thoroughly documenting and examining a highly
resolved and relatively complete web (relative to pre-
viously reported webs) to indicate likely strengths and
weaknesses of the previous data and analyses. To do
this, I systematically aggregated the food web of Little
Rock Lake to investigate resolution-related problems
with several statistics commonly used to describe and
theorize about food webs. My purpose was to illumi-
nate which food-web patterns may represent mean-
ingful attributes of ecosystems and which patterns are
likely to be artifacts of the coarse resolution of present
data (Martinez 1988, in press, Sugihara et al. 1989).
Given the scale-related difficulties with food-web data
(May 1983a, b, Paine 1983, 1988, Cohen and Newman
1988), patterns very sensitive to changes in resolution
are less likely to be fertile ground for discussion and
theory. A recent study (Sugihara et al. 1989) using ag-
gregation algorithms practically identical to those de-
veloped for this and earlier work (Martinez 1988) con-
cludes that several patterns are relatively unaffected by
varying data resolution. Substantially different conclu-
sions are reached here and elsewhere (Martinez 1988,
in press).

One serious problem with describing webs is decid-
ing how many and which groups of organisms should
be included for the web to meaningfully represent a
community’s trophic structure. Another problem is de-
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ciding how much trophic interaction warrants desig-
nating a link between two groups of organisms. The
latter problem, which may be the most difficult, in-
cludes the question of which criteria should be used to
measure strength of interaction. Absolute and relative
quantities of trophic flow in terms of energy and in-
dividuals are possibilities (Odum 1971, Baird and
Ulanowicz 1989). The degree of trophically mediated
community-level effects of removing a species is an-
other possible criterion (Paine 1980), as is the degree
of selectivity and preference for prey by predators
(Lawlor 1980). This analysis addresses the importance
of these problems by varying the number of species
and the criteria for linking species.

Several authors (e.g., Auerbach 1984, Paine 1988)
informally discuss some of these difficulties. This
monograph reports the results of the first formal anal-
ysis of food-web statistics (Martinez 1988) that directly
addresses several common criticisms of connectance-
based food-web studies (May 1983a, b, Paine 1983,
1988, Auerbach 1984, Peters 1988, Lawton 1989). To
my knowledge, the food web analyzed here is the first
to be originally collected to equitably describe all tro-
phic interactions of all trophic groups (consumers, pro-
ducers, decomposers) in a natural ecosystem (Martinez
1988). By ““equitable” I mean that a large amount of
effort went into including all species and their trophic
relations irrespective of each species’ trophic group.
Additionally, spatial and temporal scale and criteria
for designating linkages are explicitly defined, and the
data are not confounded by ‘artistic convenience”
(Paine 1988) because no diagram has been drawn of
the web.

METHODS
Data collection and description

Little Rock Lake is a small (area: 18 ha, maximum
depth: 10.3 m, average depth: 3.5 m), two-basin, me-
sotrophic lake in northern Wisconsin. In 1984 the lake’s
two basins were separated to conduct a 6-yr experi-
mental acidification of the north basin as part of the
United Stated National Acid Precipitation Assessment
Program (Brezonik et al. 1986, Watras and Frost 1989).
There were 15 investigators studying the effects of acid-
ification on the lake. Several investigations within Lit-
tle Rock Lake concern trophic interactions, energy flows,
population ecology, and community ecology.

The first step in data collection was to assemble the
most complete list of taxa in Little Rock Lake that was
available. Then the field ecologists mentioned below
designated the diets and predators of the taxa on which
they specialized. Only organisms that spend virtually
all the specified life stage at or below the lake’s surface
are included in the web (Appendix I). Taxa are given
the most precise taxonomic label provided by the col-
laborating investigator. A link is assigned between tax-
on “A” and taxon “B” whenever an investigator be-
lieves that “A” is likely to eat “B” during a typical



