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ABSTRACT

Over the next century, climate change will dramatically alter natural resource management. Speci®cally, historical refer-
ence conditions may no longer serve as benchmarks for restoration, which may foster a 2why bother?° attitude toward
ecological restoration. We review the potential role for riparian restoration to prepare ecological systems for the threats
posed by climate change. Riparian ecosystems are naturally resilient, provide linear habitat connectivity, link aquatic
and terrestrial ecosystems, and create thermal refugia for wildlife: all characteristics that can contribute to ecological
adaptation to climate change. Because riparian systems and the projected impacts of climate change are highly variable
geographically, there is a pressing need to develop a place-based understanding of climate change threats to riparian
ecosystems. Restoration practitioners should conside how they can modify practices to enhance the resilience of riparian
ecosystems to climate change. Such modi®cations mayinclude accelerating the restoration of private lands, participating
in water management decisions, and putting the emerging ®eld of restoration genetics into practice.
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I n recent decades, advances in Riparian ecosystems will face increageznhouse gas concentrations, for
science and practice of restoriimgair and surface water temperaturegsample, by reducing emissions or
damaged riparian ecosystems halterations in the magnitude and segeveloping sinks that remove these
addressed the local and regiomsalnality of precipitation and run-o%asses from the atmosphere (IPCC
threats posed by habitat loss and n@amd shifts in reproductive phenologd007a). Adaptation refers to actions
native species invasions (Bernhardaet distribution of plants and animal$esigned to reduce the vulnerability
al. 2005). While ecological restoréivieyer et al. 1999, Barnett et al. 2006f natural and societal systems to
tion has often emphasized a returnBarmesan 2007, Palmer et al. 20@Be e%ects of climate change (IPCC
historical reference conditions, thRosenzweig et al. 2008). In this co8007a). Even if mitigation e%orts
target has been complicated in ripdext it is now clearer than ever thatweere to stop the increase in all green-
ian systems, where "ood control amdturn to historical reference condiouse gas emissions, adaptation would
water delivery often result in modi#céons will no longer be the benchremain important because greenhouse
tions of natural "ows. Today, ripariamark for restoration success (Choigases already in the atmosphere today
restoration is further complicated bgl. 2008, Seastedt et al. 2008).  will continue to cause the climate to
global climate change (Harris et al.Given the uncertainties abouthange for decades (IPCC 2007b,
2006, Battin et al. 2007, Palmer et duture conditions, climate chang8olomon et al. 2009).

2008). During the next century, globahay cause people to ask 2why botheClimate change adaptation strate-
temperatures are projected to increasth restoration?° &is question hagies often propose activities that can
by 1.1 t0 6.43C (IPCC 2007a, 2007bjnotivated us to reevaluate our woenhance ecological resilience (Millar et
Ecological Restoration Vol. 27, No. 3, 2009 in the science and practice of ripariah 2007, Heller and Zavaleta 2008).

ISSN 1522-4740 E-ISSN 1543-4079 restoration. Society is becoming aw#&eological resilience encompasses 1)
"2009 by the Board of Regents of the of the need for mitigation and adaptéie amount of disturbance a system
University of Wisconsin System. tion to address the adverse impactsah withstand before changing state;
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NN anthropogenic climate change. MitR) the rate at which a system recovers
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gation describes actions for reduciafjer disturbance; and 3) the way in
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Figure 1. On the Sacramento River in California's Central Valley, horticulture-based restoration can transform open ®elds (A) to well-established

riparian forest (B) in as little as 13 years. Over this same time, riparian wildlife communities, as measured by such metrics as bird species richness

(C) can exhibit dramatic recoveries. Examples like this illustrate the inherent resilience of riparian ecosystems. Images reprinted with permission from
Gardali et al. 2006 and Golet et al. 2008

which a system responds to gradé#dw and Why Natural Resilience of
changes (Gunderson 2000, Sche®gjarian Restoration Riparian Systems
et al. 2001). Speci#c recommendarepares Ecosystems

i ¢ hanci logical y _ Climate change is projected to lead
tions for enhancing ecological resflyy Climate Change to increased frequency and severity
ience, however, are lacking (Heller and

Zavaleta 2008), For forested ecosystems, Millar aff extreme weather events, which
Based on general ecological ch@fers (2007) provide examples wil likely res"ult in more frequent
acteristics of riparian systems and dt@nhagement practices to enhance e¥gd severe "oods as well as more
collective experience restoring thé¥stem resilience to climate Changgense droughts (Easterling et al.
ecosystems in California, we sugg&§€€ Practices include enhan 000). &e rate at which ecological
that healthy riparian ecosystems ptBd habitat connectivity, promoting ystems recoverfrom_dlstur_bance will
mote ecological resilience both withf§dundancy and bu%ers, reducifg an important consideration when
and beyond riparian zones. Here Wd-scape Synchrony (by ma|nta|n”¢§5|gnlng restoration activities. Many
address 1) how and why riparian resfbMix of successional stages), realfg@rian plants are adapted to hydro-
ration prepares ecosystems for clim#¥@ disrupted conditions, expectingdic and geomorphic disturbances
change: 2) how riparian restoratigtHrPrises, and identifying and p_rot_eétnU_l t(_)lerz_;ite boj[h seasonal and_annual

can be enhanced to accommodate K10 refugia (Millar et al. 2007). Similayariation in environmental conditions
mate change; and 3) research neeffpmmendations have been made @aiman and Decamps 1997). &us,
to ensure that riparian restoration &Wide variety of habitats (Hansen gmpared to plants in adjacent upland
robust to climate change. al. 2003). We use this general franftabitats, riparian species may be more
work to review #ve specitc reasdgsilient to the increased "ooding or
that riparian restoration can enhanééought projected for many regions

ecosystem resilience to climate charld@lly etal. 2002, Seager et al. 2007).
estoration programs that reestablish
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