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Abstract: Metabolic rate is the most fundamental metric of living organisms. A Metabolic Theory of
Ecology (MTE) has recently been developed that predicts how metabolic rate controls ecological
processes at all scales; that is, from individuals to ecosystems. The theory is based on the premise that
metabolic processes are some function of body mass, temperature, and the concentration of resources
needed to fuel metabolism. The greatest strength of the MTE is that it describes the dependence of
metabolic rate on organism size and temperature based on simple physical laws that govern reaction rates
and resource distribution in networks. Temperature is a well-known correlate for whole stream
metabolism. We will present a meta-analysis of published literature which shows that the slope of the
relationship between whole stream metabolism and stream temperature is indistinguishable from that
predicted by metabolic theory. We also will show that scaling exponents describing the relationship
between production:biomass ratios and body mass for macroinvertebrates within three temperate stream
communities are consistent with predicted quarter-power scaling relationships. Aquatic studies conducted
through the LTER network provide datasets needed to more fully test the MTE. The MTE, in turn,
provides a new framework for reassessing previous syntheses and inter-biome comparisons of whole
stream metabolism, aquatic community structure, and rates of biomass turnover. The goals of this
working group are: a) synthesize datasets on whole stream metabolism, stream temperature,
organismal mass and metabolic rates, population densities, and rates of biomass turnover; b) test the MTE
using these datasets; c) discuss directions for future research; and d) produce a manuscript for

publication.
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The first session of the working group began with a presentation by Jennifer Follstad Shah that
provided a brief background on the MTE, and an overview of published literature, primarily
from terrestrial systems, testing the following predictions:

1. Rates of whole-organism metabolism (B) scale as the %-power of body mass
(B oc M**: [1]) and increase exponentially with temperature, as described by the
Arrhenius equation

-E /KT
€

where E is the activation energy in electron volts [eV], k is Boltzmann’s constant, and T
is absolute temperature in K.

2. Mass-corrected whole-organism metabolism plotted as a function of the inverse of
absolute temperature (1/kT), ranging from 0°-40°C, results in a linear relationship with a
slope (E) that reflects the mean activation energy of biological metabolism (0.6-0.7 eV;

[2]).

3. The density (N) of organisms, within a given body size category and area, scales as the -
y,-power of body mass (N o« M¥4; [3-5]).

4. Temperature-corrected individual biomass production (P) reflects the allocation of
metabolic products to reproduction and growth, and is proportional to whole-organism
metabolism (P o« M**: [6, 7]).

5. The product of the mass of individuals within a population and population density equals
the standing stock of biomass (W), which scales as the %-power of body mass (W =
M*M-3/4 — M1/4; [3’ 8])

6. Temperature-corrected population-level biomass production (Pyt) is mass-invariant due
to the interaction of scaling exponents for body mass with respect to whole-organism
metabolism and population density (Pe: = P*N o« M¥**M** = M°; [3, 5, 6]).

7. Temperature-corrected population-level biomass turnover rate (Py/W) scales as the -%-
power of body mass (Pwd/W o« MYM* = M4 [3, 8]).

8. The rate of energy flux per unit area (Biot) IS mass-invariant because it is the product of
whole-organism metabolic rate and population density (Bt = B*N oc M¥**M** = M?)
[9]. However, energy flux per unit area, like the metabolic rate of individuals, increases
exponentially with temperature at some constant rate of resource supply. Thus, the slope
of the relationship between the rate of energy flux and the inverse of absolute temperature
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(2/KT) is linear, and has a slope (E) that reflects the mean activation energy of metabolism
(e, 0.6 eV;[9)]).

Jennifer continued the presentation by showing that preliminary analyses of stream data showed
mixed support for the MTE. Empirical patterns better fit predicted patterns (1) at the
macroecological scale vs. that of an individual study, and (2) for annual mean data vs. individual
sampling points. Temperature seemed to vary in terms of its dominance in driving ecological
pattern. For example, resource supply in heterotrophic streams outweighed the effects of
temperature for ecosystem-level rates of respiration. In contrast, predicted and empirical patterns
pertaining to body mass showed strong similarity. Resource supply and its interaction with the
feeding behavior of macroinvertebrates in the lowest trophic position also were singled out as
possible reasons why stream community data from the Ogeechee River consistently resulted in
departures from predicted patterns of production, biomass, and turnover. Working group
participants found it interesting to note that the best fit between predicted and empirical patterns
of production, biomass, and turnover in stream communities was found in a stream devoid of fish
(Ball Creek, NC).

Session 2 began with another short presentation by Jennifer Follstad Shah. This presentation
focused on the fact that the MTE lacks a quantitative expression for the effects of resources on
metabolic rate. Thus, the discussion on resource supply from session 1 dovetailed nicely into
session 2. Jennifer showed that trends in whole-stream respiration data collected during the
LINX I and Il experiments significantly departed from patterns predicted by the MTE. However,
predicted and empirical patterns were similar once whole-stream respiration data was normalized
by the quantity of benthic organic matter found in each stream. Jennifer then presented how
Michaelis-Menten kinetics may be one approach for incorporating resources into the MTE. The
discussion that ensued weighed the pros and cons of using the Michaelis-Menten approach.
Working group participants also brainstormed alternative means for incorporating resources into
the MTE.

Working group participants voiced strong interest in convening again to repeat these analyses
with additional data from LTER sites, to determine how best to incorporate resources into the
MTE, and to write manuscripts. Working group organizers agreed to submit a proposal to the
LTER Network to facilitate these efforts.
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