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PLATE 1.

MADELEINE M. MINEAU ET AL.

Ecology, Vol. 93, No. 7

(Upper left) Russian olive foliage and flowers. (Upper right) A thicket of Russian olive lining the banks of the invaded

study reach of Deep Creek, Idaho, USA. (Lower) A dense monotypic stand of Russian olive along the Bear River in southeastern

Idaho. Photo credits: M. M. Mineau.

and after Russian olive invasion, suggesting these were
unlikely drivers of ecological changes we observed.

The non-labile nature of Russian olive litter appears
to drive the apparent reduction of stream EE. Willows
have a higher leaf C:N than Russian olive and might
therefore be expected to decompose at a slower rate
(Royer et al. 1999, Harner et al. 2009, USDA 2010).
However, we found that Russian olive leaf litter broke
down more slowly than willow litter in this stream. This
may be due to high lignin and structural carbon content
in Russian olive leaves (Moline and Poff 2008) or
microbial inhibition due to allelochemicals (Llinares et
al. 1993). The decay rate measured for Russian olive at
the invaded site was similar to others reported in the
literature (0.0240 d ' vs. 0.0176-0.0305d '; Royer et al.
1999, Harner et al 2009). However, the decay rate
measured for Russian olive litter at the reference site
(0.0153 d ') was lower than those previously reported

for this material, perhaps due to low water temperature
(Appendix B).

Given the potential importance of DOM to stream
organic matter budgets (Webster and Meyer 1997) and
that a lack of adequate pre-invasion data prevented a
comparison for this component, we used DOC data
from recent years to evaluate the effect of this gap on
our findings and interpretations. We found that DOM
transport is presently a substantial flux of OM in Deep
Creek compared to other fluxes and pools reported in
the budget, but is relatively small compared to other
streams. Though DOM concentrations were greater at
the reference site, DOM transport at the invaded site far
exceeded it due to higher discharge. In a review,
Mulholland (1997) reported mean DOM concentrations
of 9.5 mg/L and mean transport of 7.73 10° kg/yr for 33
streams and rivers and mean transport of 1.1 3 10° kg/
yr, excluding larger rivers (larger than fourth order, n ¥
8 rivers). In other streams of arid regions, mean DOM
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concentrations ranged from 11.9 mg/L (Sycamore
Creek) to 0.7 mg/L (Rattlesnake Spring; Mulholland
1997). In forested Appalachian streams, where leaf litter
accounts for about 80% of total OM inputs (Benstead et
al. 2009), leaf litter contributes 30% of stream DOC
export (Meyer et al. 1998). Considering that Russian
olive leaf litter only represents 16% of OM inputs at the
invaded site, it is likely that DOM in Deep Creek is
largely derived from autochthonous sources. As such,
we reason that the DOM component of the annualized
OM budget would not have been directly affected by
Russian olive invasion, though effects of episodic (e.g.,
during pulsed inputs of leaves) or indirect (e.g., via
possible changes in GPP) nature may occur.

The dominant fate of allochthonous OM added by
Russian olive at the Deep Creek invaded reach was
likely storage as BOM. We observed a fourfold increase
in BOM at the invaded site while BOM at the reference
site increased only 30%. The large BOM pool may only
be temporary and may be exported during scouring
flows as part of multi-year cycles of accumulation and
loss (Wallace et al. 1997a). However, our ability to
detect changes in OM export as DOC and CPOM was
constrained by the data available from the IBP study
and the temporal resolution and/or duration of our
investigations. Because we measured OM export epi-
sodically during a 16 month period, we may have only
measured a period of OM accumulation and failed to
capture spate and storm-driven export events (Benstead
et al. 2009, Hall et al. 2009). If the large accumulation of
stored BOM is exported during such events, it may drive
periodic or pulsed OM subsidies to downstream
ecosystems.

The resilience of stream EE to such changes in
riparian structure is not known, and additional long-
term and/or manipulative studies are needed for it to be
quantified. The decrease in EE apparently caused by
Russian olive invasion may persist as an alternative
stable state (Scheffer et al. 2001) or the change may be
temporary and EE may rebound if the aquatic
community adapts to utilize the novel OM source.
Regardless, our findings contribute to the growing body
of evidence that alterations in riparian vegetation are the
driver of major ecological change in arid streams,
potentially shifting these ecosystems to an alternative
stable state (e.g., Heffernan 2008, Ball et al. 2010). This
highlights the need to use a holistic approach, consid-
ering aquatic and riparian systems together, in manage-
ment and restoration decisions.
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SUPPLEMENTAL MATERIAL

Appendix A

Additional methodology of metabolism measurements (Ecological Archives E093-133-Al).

Appendix B

Additional methodology and results for litter decomposition experiment (Ecological Archives E093-133-A2).

Appendix C
Additional OM budget methodology and data (Ecological Archives E093-133-A3).



