Table 1. Results of five-way MANOVA for the effects of climate (C), moisture (M), age/structure (A), size (S), and position (P) on the percent of
mass remaining and decay constant (k) of aspen stakes. Results are not shown for the following significant 4-interactions: C*M*A*S, C*M*S*P,
M*A*S*P and k. Significance is indicated in bold. All other three and four-way interactions are not significant at @ ¥40.05; N ¥, 2562.
Dependent variable
Mass remaining ( %) Decay constant ( k)°

Source df F P Power F P Power
Climate (C) 2 4017.08 0.00 1.00 1496.77 0.00 1.00
Moisture (M) 1 0.49 0.48 0.11 177.74 0.00 1.00
Age (A) 1 5.56 0.02 0.65 2.25 0.13 0.32
Size (S) 2 8.20 0.00 0.96 39.31 0.00 1.00
Position (P) 2 3.19 0.04 0.61 10.98 0.00 0.99
C*M 2 89.79 0.00 1.00 173.75 0.00 1.00
C*A 2 1.45 0.24 0.31 1.62 0.20 0.34
C*8 4 6.14 0.00 0.99 34.60 0.00 1.00
C*P 4 5.60 0.00 0.98 9.81 0.00 1.00
C*M*S 4 4.45 0.01 0.94 19.64 0.00 1.00
C*A*S 4 8.35 0.00 0.99 21.51 0.00 1.00
C*S*P 8 1.08 0.37 0.51 4.96 0.00 0.99
M * A 1 1.61 0.20 0.24 0.34 0.56 0.09
M*S 2 4.73 0.01 0.79 21.57 0.00 1.00
M * P 2 2.37 0.09 0.48 0.41 0.66 0.12
M*A*S 2 0.51 0.60 0.13 5.70 0.01 0.86
M*S*Pp 4 0.97 0.42 0.31 6.29 0.00 0.99
A*S 2 12.14 0.00 0.99 26.29 0.00 1.00
A*P 2 .02 0.98 0.05 0.14 0.87 0.07
A*S*PpP 4 3.65 0.01 0.88 1.99 0.09 0.60
S*P 4 1.47 0.21 0.46 5.66 0.00 0.98
Error 2454

(Table 1). The percent of mass remaining was significantly
greater in dry than in moist forests in boreal and temperate
fragments, while the opposite was true for the tropical forest
fragments (Fig. 4). Similarly, the decay rate constant was
significantly lower, and the MOE, and the maximum stress of
wood (Fig. 5) were significantly greater in the dry than in the
moist forest fragments of the boreal and temperate areas. Decay
rates of aspen stakes in the dry and moist boreal forests were
0.003 yr ' and 0.039 yr ', respectively. Decay rates of aspen
stakes in dry and moist temperate forests were 0.002 yr ' and
0.021 yr ', respectively. In contrast, decay rates of aspen stakes
in dry and moist tropical forests were 2.79 yr ! and 1.52 yr ',
respectively. There was a significant effect of forest fragment
size on the decay constant and percent of mass remaining
(Table 1; P, 0.001 for both variables); overall and on average,
small fragments had a greater percent of mass remaining (Fig.
6). Yet, when we analyze the data by climatic areas separately,
different patterns emerge as there was also a significant
interaction of climate and fragment size (Table 1; P, 0.001),
and a three-way interaction of climate, moisture and fragment
size (Table 1; P, 0.001). There was no effect of fragment size
on the percent of mass remaining of aspen stakes in the boreal
sites, temperate dry, and tropical moist forests. Fragment size
had a significant effect on the percent of mass remaining at the
tropical dry and the moist temperate forests (Fig. 6). At the
tropical dry forest, aspen stakes decayed slower in larger
fragments than in either small or medium sized fragments, while
at the moist temperate forests, the percent of mass remaining
increased (decay decreased) as the size of the forest fragments
increased as well (Fig. 6). Also, there was a significant climate
and transect position (outside, edge or inside the fragment)
interaction on the percent of mass remaining (Table 1). Transect
position had no effect on the percent of mass remaining in the
boreal forests but did have opposite effects in the temperate and
tropical forest fragments. The percent of mass remaining was
lowest in the outside position as compared to the edge and
interior of a forest fragment in the temperate areas; while that
position (outside) had the greatest percent of mass remaining in
the tropical forest fragments (Fig. 7). The percent of mass
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remaining of aspen stakes were significantly correlated with
MOE and the maximum stress of the wood (Table 2). Annual
decay rates (k) of aspen stakes did not correlate with MOE and
the maximum stress of the wood. The percent of mass
remaining and annual decay rates (K) of aspen stakes were
significantly and positively correlated with coarse woody debris,
and total down woody debris, and negatively correlated with
fine woody debris 1 and 2 (1 and 10 hours fuel loads), tree
species richness and mean annual precipitation. In addition,
there were significant negative correlations between mean
annual precipitation and MOE and maximum stress (load)
(Table 2).

DISCUSSION

The goal of this experiment was to examine whether the effects
of forest fragmentation on wood decomposition rates vary in
relation to fragment size, forest age (and/or structure), and
climate at the macro- and meso-scales in boreal, temperate and
tropical forests. In addition, we looked at how decay rates of
wood vary relative to its position (outside, at the edge and
center) along a non-forest/forest transition within forest
fragments. We found that climate at the macro- (boreal,
temperate, tropical) and meso-scales (dry vs. moist forests
within a climatic region) significantly affected the decay rate of
aspen stakes; and as expected decay rates were higher in wet/
warm climates than in cold/dry environments. The greater
decay of wood in the tropical forest fragments as compared to
the temperate and boreal can be explained by i) differences in
mean annual precipitation (there was a significant correlations
between the percent of mass remaining, the annual decay
constant, MOE and maximum stress (load) and mean annual
precipitation), and ii) the presence of particular functional
groups of the soil fauna in the tropical region; in particular in
the tropical dry forest. Moisture has been observed to have non
linear effects on the decomposition of coniferous woods in
laboratory experiments (26, 27) as low moisture levels decrease
decay rates and saturated conditions can inhibit decomposer
respiration (28). Field measurements also suggest that moisture
is important in some ecosystems (28); but conflicting results for
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Figure 4. Changes in mass remaining (6 SE) of Populus tremuloides
(aspen) stakes in A) boreal, B) temperate and C) tropical forest
fragments. Asterisks indicate a significant effect of moisture
condition within a climate region and day (one-way ANOVA;
0.05).
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the relationship between wood decay and moisture are found in
the literature. For example, Harmon et al. (29) found an inverse
relationship between the decomposition rate of coarse woody
debris in mixed conifer forests and annual precipitation (in a
gradient ranging from 113-342 cm yr ! in precipitation) in the
western US; a result consistent with laboratory studies that
indicate excess moisture can reduce aeration (Harmon and
Chen [30] as represented Yatskov et al. [28]). In contrast,
Chambers et al. (31) tested for controls of decay on coarse-litter
from major forested ecosystems worldwide (including temperate
coniferous, deciduous, mixed, and tropical dry and evergreen
forests), and found that precipitation was not correlated with
decay rate constants but to mean annual temperature.
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Figure 5. A) Young’s Modulus of Elasticity (MOE) (6 SE), and B)
Maximum Stress ( 6 SE) of Populus tremuloides (aspen) stakes in
dry and moist boreal and temperate forest fragments. Asterisks
indicate a significant moisture effect within a climate region; ns
indicates no significant effect (MANOVA by forest type; o ¥20.05).

Consistent with Chambers et al. (31), Marra and Edmonds
(32) found that saturated conditions did not control seasonal
variations of decay of coarse woody debris on a clear-cut forest
in Washington, USA. In this study, we found that both the
percent of mass remaining and the decay rate constant were
significantly and negatively correlated to the annual precipita-
tion. The percent of mass remaining was significantly greater in
dry than in moist forest fragments in the boreal and temperate
forests. Yet, the results of our study also showed a significant
Climate and Moisture interaction on the decay rate constant; as
the decay of aspen stakes was much higher in the dry than in the
moist fragments in the tropical forests. Thus, our results
support the contention that moisture condition is an important
control over wood decomposition over broad climate gradients;
and that such relationship (as also proven by laboratory studies)
can have non linear effects given confounding factors associated
with moisture regimes (e.g., air temperature, water potential of
the wood, and inhabiting fauna among other variables).

Soil organisms have been shown to be important determi-
nants of decomposition (33, 34). The fast decay rates of aspen
wood in the tropical forest fragments can be explained by the
conditioning of fungi in the wood (Fig. 8a, c), the presence of
wood borrowing insects in the moist tropical (Fig. 8a) and the
presence of termites (Fig. 8d-f) in the tropical dry forest
fragments. Whitford et al. (35) and Schaefer et al. (36) showed
that termites are capable of improving the microclimate and
fragmentation of litter in arid ecosystems, resulting in faster

593

http://www.ambio.kva.se






