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Marine derived nutrients are a vital source of energy to freshwater
ecosystems in the Pacific Northwest. Also important for low order
streams are leaf litter inputs from riparian vegetation. Both of these
energy inputs provide resources which likely stimulate microbial
biomass and invertebrate communities leading to higher
biodiversity and biomass in streams. We hypothesized that salmon
carcasses deposited in streams would influence leaf
decomposition through changes in macroinvertebrate
assemblages. We also hypothesized differences in species
diversity among leaf litter treatments would influence leaf
decomposition, and species diversity would interact with salmon
presence. This experiment included seven litter diversity
treatments anchored either directly adjacent to a salmon carcass
or to a no-salmon control. Results show that salmon presence
mildly decelerates leaf litter decomposition. However, interesting
patterns in decomposition and mixture synergies were more
strongly controlled by the salmon * litter treatment interaction.

« Two of the most important sources of
nutrients in small streams of the Pacific
Northwest (PNW) are leaf litter and salmon
carcasses.

« The interaction among these two
simultaneously decomposing sources has
received little attention (but see Zhang et al.
2003, Claeson et al. 2006).

« Breakdown of leaf litter has three phases:
1) rapid preliminary losses as a result of leaching
2) microbial colonization resulting in early decomposition
3) fragmentation and conditioning caused by macroinvertebrates
and physical abrasion (Webster & Benfield 1986).

< The initial quality of different leaf species
in isolation as well as combined with other
species has been shown to significantly
influence the decomposition process
(Swan & Palmer 2006).

« Marine derived nutrients
(MDN) deposited by salmon
M carcasses have been shown
to effect macroinvertebrate
communities by increasing
would be biomass and biodiversity
influenced by: (Chaloner et al. 2002).

1) salmon carcasses deposited in a stream

2) leaf litter diversity

3) a salmon by leaf litter diversity

interaction
« This study was conducted at McLane Creek,/
located in the South Puget Sound, WA.

» We hypothesized =
that the rate of leaf
decomposition

« Alnus rubra Bong. (red alder), Acer
macrophyllum Pursh (big leaf maple)
and Populus balsamifera ssp.
trichocarpa (Torr. & Gray ex Hook.)
Brayshaw (black cottonwood) leaves
were collected at The Evergreen State
College campus just after abscission in
fine mesh nets beneath multiple trees.

Maple

Cottonwood

« Leaves were dried and placed in 2g quantities into 6.4 mm-
mesh litter bags.
« This study consisted of seven leaf litter treatments:
-Three treatments of each species in isolation in litter bags.
-Three, two-species mixtures, including all
possible pairs with 1g of each species placed in litter bags.
-All three leaf species mixed together in a litter bag
( 0.66g of each).

« Ten replicates of
each bag were
created for each
of the 3 harvests
dates, five to be
placed directly
adjacent to
salmon carcasses and five directly adjacent to sandbags, used
as the no-salmon controls (n = 5).

« One replicate litter bag from each leaf
litter treatment was attached by cable tie
to rebar.

« Recently deceased salmon were collected
directly from McLane Creek and placed in a
folded wire cage tied to the rebar directly
adjacent to the litter bags, sand bags were used
for control blocks.

« Litter bags were collected at 7, 35, and 78 d

« Leaves were oven dried at 70°C for 72 h, then a ground sub-
sample of 0.25g was taken from each sample and combusted to
determine the ash free dry mass (AFDM).

« For analysis of leaf decomposition the natural log of the AFDM
was regressed against day to determine the rate of exponential
decay (k).
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Figure 1. Percent variance explained by differences among the leaf treatments (C), the presence of
salmon carcasses () and the interaction between salmon presence and leaf litter treatments ). The
asterisks represent a significant percentage of variation explained at p<0.05.
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Figure 2. Decomposition rates (k day %) for each litter species in isolation Ald (Alnus rubra), Cot
sp. d

(Populus s

and mixed treatments

an er
consisting of Ald + Cot (AC), Ald + Map (AM), Cot + Map (CM) and Ald + Cot + Map (ALL). 4A) The
rate of decomposition for leaf treatments when placed adjacent to a salmon carcass, and 48) next to

a sandbag (no-salmon control block).
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Figure 3. Observed decomposition rates (k day %)
for all mixture treatments plotted as a function of
the expected decomposition rates based on rates
of decomposition for each species in isolation. Leaf
litter treatments include: the mixed treatments alder
+ cottonwood (AC), alder + maple (AM),
cottonwood + maple (CM) and alder + cottonwood
+maple (ALL). Dotted line represents 1:1
equilibrium.  Asterisks denote significant deviation
from expected rates of decomposition (p<0.05).
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Figure 4. Observed decomposition rates (k day %)
for allleaf ltter treatments in the presence of salmon
plotted as a function of the expected decomposition
rates based on the no-salmon controls. Leaf ltter
treatments include: Ald (Alnus rubra), Cot (Populus
balsamifera ssp. trichocarpa) and Map (Acer
macrophyllum), and mixed treatments consisting of
Ald + Cot (AC), Ald + Map (AM), Cot + Map (CM)
and Ald + Cot + Map (ALL). Dotted line represents.
1:1 equilibrium. - Asterisks denote significant
differences due to the presence of salmon (p<0.05).

« Although litter treatment explained significantly more of the
variation in decomposition rates throughout the study, this effect
became weaker through time while the salmon * leaf litter
interaction increased in explanatory power through time (Fig. 1).

« The salmon * leaf litter interaction influences differences among
both single species treatments and among mixtures (Fig. 2).

« We found that when salmon were excluded, decomposition is
faster than expected for a mixture of alder and cottonwood litter —
resulting in a synergistic effect of litter mixing (Fig. 3).

« However, in the presence of salmon this effect was not apparent,
even though the AC mixtures were not significantly different
between the salmon and control treatments

« The decomposition rate for maple in the presence of salmon was
significantly lower than the no-salmon control (Fig. 4).

« What is interesting is that the mixed bags containing maple were
apparently unaffected by the addition of salmon.

« Two possible variables that were not directly measured, but that
could also be affecting the decomposition rates were: microbial
colonization and flooding.

* Flooding influenced all treatments and was mediated by numerous
trips to the site to reposition affected blocks.

« It is important that future work build on this study in order to better
understand the complex interaction of these two important
allochthonous sources of energy in low-order streams.
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