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A CRITIQUE OF THE ANALYTICAL METHODS USED
IN EXAMINING DECOMPOSITION DATA
OBTAINED FROM LITTER BAGS!
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Abstract.

The study of plant litter decomposition in terrestrial ecosystems commonly employs

litter bags to compare the loss of mass among species, among sites, and under various experimental
manipulations, or to investigate the process itself. Analysis of the resulting data is quite variable
among investigators, and at times inappropriate. Two general analytical approaches to the examination
of decomposition data are reviewed. Analysis of variance is useful if the intent is to compare treatment
means, but does not directly test hypotheses regarding decomposition rates. If the intent is to deter-
mine rate constants, then fitting mathematical models to data is the more appropriate analysis. Single
and double exponential models best describe the loss of mass over time with an element of biological

realism.
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INTRODUCTION

The investigation of decomposition is an important
aspect of the analysis of ecosystem function. Decom-
position in terrestrial ecosystems is commonly studied
using the litter bag method, which consists of enclos-
ing plant material of known mass and chemical com-
position in a screened container. Initially, a large num-
ber of bags is placed in the field and at each subsequent
sampling date a randomly chosen set of bags is re-
trieved and analyzed for loss of mass and/or changes
in the chemical composition of litter. Although the lit-
ter bag method is often attributed to Bocock and Gil-
bert (1957) or to Bocock et al. (1960), the principle of
confining known amounts of litter in order to follow
its decomposition had been used much earlier (Fal-
coner et al. 1933, Lunt 1933, 1935, Gustafson 1943).
Despite several drawbacks (cf. Witkamp and Olson
1963, Wiegert and Evans 1964, Witkamp and Crossley
1966, Ewel 1976, St. John 1980), the litter bag method
remains the most commonly used technique for ex-
amining litter decomposition in terrestrial ecosystems.
Although the method may underestimate actual de-
composition, it is assumed that the results of litter bag
studies will reflect trends characteristic of unconfined
decomposing litter, and as such allow for comparisons
among species, sites, and experimental manipulations.

Although there exists a similarity in design and
methodology of litter bag studies, considerable varia-
tion occurs in the statistical procedures used to ex-
amine decomposition data. Two analytical approaches
are commonly used: to compare treatment (e.g.,
species, site) means by some parametric statistical
procedure, or to obtain mathematical descriptions of
the data that characterize the observed changes over
time. These two approaches are conceptually quite

! Manuscript received 23 September 1981; revised 18 Feb-
ruary 1982; accepted 18 March 1982.

analysis of variance; decomposition; exponential models; linear models; litter bags;

different; their use depends on the specific objectives
of a particular study. In this paper, we review each
approach for analyzing decomposition data, discussing
relative merits and disadvantages, as well as potential
problems of interpretation.

USING ANALYSIS OF VARIANCE TO EXAMINE
DEcomMPoOSITION DATA

It is often of interest to compare the decomposition
of one species in several sites, of several species in
one site, or of one species in one site under different
experimental conditions such as variable mesh size of
the litter bag. The objective of such comparative stud-
ies is to assess the effects of treatments (sites, species,
experimental conditions) by examining differences
among treatment means in the proportion of original
mass remaining at various times. Statistical proce-
dures are invoked to assess objectively the signifi-
cance of these differences among treatment means.

The most commonly used statistical method of ex-
amining decomposition data is the analysis of vari-
ance, completely randomized design. This design in-
cludes a factorial arrangement of treatments, where
one treatment is date and others may be site, litter
type, etc. (Curry 1969, Ewel 1976, Brinson 1977). The
analysis usually is performed on the proportion or per-
cent of the initial amount of X remaining at time ¢,
where X may be dry mass, ash-free dry mass, or a
given elemental content. Values for time = 0 are not
included in the analysis of variance since for all treat-
ments at time = 0 the mean percent remaining is 100.0.

To simplify the following discussion, consider as an
example the experimental situation where the decom-
position of litter from three different species is simul-
taneously examined in one site. The corresponding
analysis of variance will contain main effects of date
and species, and a date X species interaction. It is only



December 1982

when this interaction is nonsignificant (or significant
but considerably lower in magnitude than the main
effects, Snedecor and Cochran 1978) that the signifi-
cance of the main effects can be unambiguously inter-
preted (Appelbaum and Cramer 1974). If the interac-
tion is significant, any inferences about decomposition
must be based on a closer examination of the individ-
ual cell means.

While it is often desirable to make inferences re-
garding differences in decomposition rates based on
the outcome of an analysis of variance, it is necessary
to define the term ‘‘decomposition rate.’’ If the vari-
able X = f(r) represents the proportion of initial mass
remaining at time ¢, then we will refer to the first de-
rivative of X with respect to ¢, (dX/dt), as the absolute
decomposition rate, which characterizes the slope of
the plot of X as a function of time. When the absolute
decomposition rate is expressed as a fraction of the
remaining mass, the relative decomposition rate [(dX)/
(dt - X)] is obtained. Although the analysis of variance
does not directly test hypotheses about either absolute
or relative decomposition rates, inferences about de-
composition rates can be justified if and only if the
interaction term is nonsignificant. For instance, in our
example, if a nonsignificant interaction is accompanied
by a nonsignificant species effect, then there are no
differences among the three species in mean percent
mass remaining across all sampling dates. It is then
reasonable to conclude that over the entire course of
the study, i.e., from time = 0 through the final sam-
pling date, inclusive, the three species decompose at
approximately the same absolute rate and at approx-
imately the same relative rate.

If a significant species effect accompanies a nonsig-
nificant interaction (regardless of the significance of
the date effect), then at least two of the three species
differ in mean percent mass remaining, and the mag-
nitude and direction of this difference is approximately
the same across all sampling dates. This condition is
illustrated by the hypothetical data in Fig. 1A, where
a significant date effect is indicated. In this case, the
conclusion would be that between the first and final
sampling dates, inclusive, the three species decom-
pose at approximately the same absolute rate, i.e., the
slopes of the three plots are about equal. The existing
differences in mean percent mass remaining resulted
from decomposition that took place between time = 0
and the first sampling date. Inferences about differ-
ences between species in absolute decomposition rates
over the entire course of the study will be made with
a subjective interpretation of the data and will not be
undeniably supported by the results of an analysis of
variance. With regard to relative decomposition rates,
however, a nonsignificant interaction and a significant
species effect indicate differences between at least two
of the three species. In Fig. 1A, the relative decom-
position rate is lowest for species X and greatest for
species Z. Inferences about relative decomposition
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rates are logically extended to cover the entire course
of decomposition.

When the interaction is significant, the magnitude
and/or direction of differences among species in mean
percent mass remaining is not the same across all sam-
pling dates. This condition is illustrated for three dif-
ferent hypothetical outcomes in Figs. 1B, 1C, and ID.
In Fig. 1B, species Z shows an initial rapid loss of
mass followed by a very slow loss of mass. Between
the first and final sampling dates, species Y loses more
mass than either species X or Z. In Fig. IC, on the
first three sampling dates percent mass remaining fol-
lows the order X > Y > Z, whereas on the last three
sampling dates the order is reversed so that Z > Y > X.
The three curves in Fig. 1D cross each other several
times over the course of the study. The experimenter
must evaluate the significance or nonsignificance of
the species effect in light of a relatively subjective in-
terpretation of the nature of the significant interaction.
Any conclusion regarding differences in the absolute
or relative rates of decomposition among species will
be based on this subjective interpretation and will not
be definitively supported by the analysis of variance.

If the objective of a particular study is to assess the
effect of various treatments on litter decomposition by
examining differences among treatment means across
all sampling dates, then the analysis of variance may
be appropriate. However, considerable care should be
exercised when making inferences about decomposi-
tion rates. Even when used in this context, the power
of the analysis of variance is influenced by how well
the underlying assumptions of independent, random
sampling, normality of distributions, and homogeneity
of variance of error terms are met. The last assumption
is crucial. If the assumption of homogeneity of error
terms is not met, the actual « level may deviate con-
siderably from the designated « level, thereby dimin-
ishing the validity of the analysis (Box 1954).

FitTING DECAY FUNCTIONS TO MASS VALUES

The second general approach to the analysis of de-
composition data is the fitting of mathematical models
to estimate constants that describe the loss of mass
over time. This approach can be of considerable value
for obtaining insights into the biology of the decom-
position process, insights which are not obtainable
through the statistical procedures discussed previ-
ously. Here we review the models commonly used to
examine decomposition data (see Table 1), discussing
both the mathematical properties of the models and
the relationships between the models and the biology
of litter decomposition.

The most frequently used model to describe decom-
position is the single exponential decay function, first
proposed by Jenny et al. (1949) and discussed in con-
siderable detail by Olson (1963). The appeal of this
exponential model arises from the fact that a single
constant, k., characterizes the loss of mass, thereby
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Fic. 1. Hypothetical results from a decomposition experiment using three species of litter (X, Y, and Z) confined within
litter bags. * indicates a significant effect based on the analysis of variance; a nonsignificant effect is indicated by ns. The
abscissa represents the time course for the experiment with collection dates indicated by tick marks.

facilitating comparisons with other data sets and sim-
plifying attempts to model the accumulation of organic
carbon in soils (e.g., Olson 1963, Oohara et al. 1971).
The assumption underlying the single exponential
model can be expressed in two ways: either the ab-
solute decomposition rate decreases linearly as the
amount of substrate remaining declines, or the relative
decomposition rate remains constant (Table 1). Intu-
itively, this assumption corresponds well with our
knowledge and understanding of the biology of litter
decomposition. As decomposition proceeds, soluble
components and relatively easily degraded compounds
such as sugars, starches, and proteins will be rapidly
utilized by decomposers, while more recalcitrant ma-
terials such as cellulose, fats, waxes, tannins, and lig-
nins will be lost at relatively slower rates. Thus, with
time the relative proportion of these recalcitrant ma-
terials will progressively increase and the absolute de-
composition rate should decrease, while the relative
decomposition rate may remain constant.

Because of the two-step nature of decomposition
dynamics the single exponential decay model has been
modified to the double exponential decay model (Table
1). The double exponential decay model assumes that
litter can be partitioned into two components, a rela-
tively easily decomposed or labile fraction (4), and a

more recalcitrant fraction (1 — A). Each fraction de-
cays exponentially at rates characterized by k,, and
koq, respectively; total decomposition is represented
by the sum of the losses from each fraction. The pro-
portion of A to (1 — A) is a characteristic attributed
to initial, undecomposed litter. The double exponen-
tial model does not consider any possible transfer of
labile to recalcitrant material, as may occur in the syn-
thesis of microbial biomass during decomposition. The
double exponential decay function represents a math-
ematical compromise between the single exponential
function and the ideas of Minderman (1968), who sug-
gested that each of several fractions of fresh litter would
decompose exponentially and that the total decom-
position should be represented by the sum of the in-
dividual fractions.

The asymptotic model is closely related to both the
single exponential and double exponential models (Ta-
ble 1). The asymptotic model can be thought of as the
single exponential model that tends toward a positive
constant rather than toward zero, or it can be thought
of as the double exponential model where k,; equals
zero, i.e., the recalcitrant fraction is completely resis-
tant to decay. Since no fraction of plant litter is com-
pletely immune from microbial attack, the generality
of the asymptotic model is questionable. However,




