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Environmental Correlates of Food Chain Length

FrEDERIC BRIAND AND JOEL E. COHEN

In 113 community food webs from natural communities, the average and maximal
lengths of food chains are independent of primary productivity, contrary to the
hypothesis that longer food chains should arise when more energy is available at their
base. Environmental variability alone also does not appear to constrain average or
maximal chain length. Environments that are three dimensional or solid, however,
such as a forest canopy or the water column of the open ocean, have distinctly longer
food chains than environments that are two dimensional or flat, such as a grassland or

lake bottom.

COMMUNITY FOOD WEB (I) DE-

scribes the feeding relations in a

community of organisms. A trophic
species (2) (hereinafter species) in a web is a
collection of organisms that feed on a com-
mon set of organisms and are fed on by a
common set of organisms. Species x is
linked to species y when energy flows from x
to ¥, that is, when y feeds on x. A chain is an
energy path or sequence of links that starts
at a species that eats no other species in the
web and ends at a species that is eaten by no
other species in the web. The length of a
chain is the number of links it comprises.
The mean chain length of a web is the
arithmetic average of the lengths of all
chains in the web.

Two major hypotheses and one empirical
generalization have been proposed to relate
chain lengths to environmental conditions.
The first hypothesis, known as the “energet-
ic hypothesis” (3), proposes that chain
length is limited by the inefficiency with

‘which energy is transmitted by predation

and by the minimal energy requirements of
predators. Limited available energy may
make it impossible to support enough indi-
viduals to maintain a population, may make
it impossible for individuals to find enough
prey to survive, or may constrain chain
length through other mechanisms. In its
simple form, this hypothesis predicts that
chains should be longer in ecosystems with
higher primary productivity. It has been
tested experimentally (4) and rejected for

F. Briand, World Conservation Center, International
Union for the Conservation of Nature, CH-1196 Gland,
Switzerland.

J. E. Cohen, Laboratory of Populations, Rockefeller
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small artificial ecosystems, and it remains to
be tested further experimentally. From a
review of nine studies ranging from energet-
ically impoverished to highly productive en-
vironments, Pimm (5) concluded that there
was no evidence for food chains being long-
er in more productive habitats.

The second hypothesis, known as the
dynamical stability hypothesis (6), is based
on the finding in specific mathematical
models of ecosystems that the longer the
chains, the more severe the restrictions that
must be imposed on the coefficients of the
models for equilibrium to be feasible or
stable. Further, in certain models, ecosys-
tems with longer chains take longer to re-
turn to equilibrium once perturbed, so that
webs with longer chains may be less likely to
persist in nature. This hypothesis predicts
that chains should be longer in ecosystems
exempt from large perturbations. To our
knowledge, there is no reported evidence for
or against this hypothesis.

The empirical generalization (7), based on
34 webs, proposes that chains tend to be
longer in three-dimensional than in two-
dimensional environments. An environment
is classified as having dimension 2 if it is
essentially flat, like a grassland, the tundra, a
sea or lake bottom, a stream bed, or the
rocky intertidal zone. An environment is
classified as having dimension 3 if it is solid,
like the pelagic water column or a forest
canopy. Webs from habitats integrating
both flat and solid environments are consid-
ered as having “mixed” dimension.

To evaluate the relative influence on chain
length of the primary productivity, the vari-
ability, and the dimensionality of the envi-
ronment, we studied a collection of 113
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webs, culled from 89 published and 2 un-
published studies, to cover as wide a diversi-
ty of natural environments as possible. Most
of the world biomes are represented. There
are 55 continental (23 terrestrial and 32
aquatic), 45 coastal, and 13 oceanic webs,
ranging from arctic to antarctic regions.

Only webs partially defined, presented
too sketchily, or based on information ex-
plicitly drawn from different locations were
excluded from this collection. The webs
were not screened by rejection of outliers or
by any other statistical procedure based on
the data. Only obvious biological errors
were amended in editing the data. Although
all webs were treated consistently in this
collection, the practices of field ecologists in
observing and reporting webs are not stan-
dardized. As the apparent characteristics of
an individual web may reflect the idiosyncra-
sies of its observer, it is appropriate with
these data to attend to broad trends and
major differences among distributions.

The 113 webs studied are listed in Table 1
together with their sources and the follow-
ing characteristics: mean chain length, maxi-
mal chain length, number of species, num-
ber of links, productivity, variability, dimen-
sionality, and geographic origin. The details
of 40 of these webs are fully documented (I,
8); the frequency distributions of chain
length of all 113 webs have been reported
(9). This large collection allows comparisons
to be made that are more sensitive than
before to small differences in mean chain
length.

The productivity of a web is classified as
low if the net primary productivity of its
ecosystem falls below 100 g of carbon per
square meter per year and high if it exceeds
1000 g of carbon per square meter per year.
Of 113 webs, 22 were classified as having

Fig. 1. Box plots of the frequency distributions of
mean (within-web) chain lengths in 113 webs
classified according to productivity (low or high),
environmental variability [fluctuating (Flu.) or
constant (Con.)], and dimension (2 or 3). Some
webs are omitted from each frequency distribu-
tion because they were intermediate. For each
box, the upper edge corresponds to the upper
quartile (75th percentile or Q3) of the distribu-
tion being plotted, and lower edge corresponds to
the lower quartile (25th percentile or Q1), and
the dash in the middle corresponds to the median
(50th percentile or Q2). The numerical values of
these ordinates appear below each box. Vertical
lines extend from the upper quartile Q3 up to the
largest observation (marked by x) less than Q3 +

(Q3 — Ql), and from QI down to the lowest
observation (also marked by x) greater than Q1 —

(Q3 — Ql). Webs more extreme than those rep-

resented by X are represented by one (O), unless a

number next to the symbol indicates a larger

number of webs coincident at this value. Outlying

webs more than 1.5 X (Q3 — QI) distant from

the nearest quartile are emphasized by (®); #,

number of webs.
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low productivity, 10 as having high produc-
tivity, and 6 as having intermediate produc-
tivity. The remaining 75 webs were unclassi-
fied for want of information.

The variability of a web’s habitat is classi-
fied as fluctuating or constant. The environ-
ment is fluctuating if the original report
indicates temporal variations of substantial
magnitude in temperature, salinity, water
availability, or any other major physical pa-
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rameter. The magnitude, not the predict-
ability, of the variations is the criterion of
classification. Of 113 webs, 64 were classi-
fied as fluctuating and 17 as constant. The
remaining 32, previously (9) unclassified,
are considered here as intermediate.

Of 113 webs, 40 were classified as having
dimension 2 and 28 as having dimension 3.
Forty-five webs previously (9) recorded as
having neither dimension 2 nor dimension 3
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Fig. 2. Box plots of the frequency distributions of
mean (within-web) chain lengths (A) in webs of
mixed dimension, comparing fluctuating (Flu.)
and constant (Con.) environments and (B) in
webs of intermediate variability, comparing two-
and three-dimensional environments. Symbols
and other abbreviations are as in Fig. 1.
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