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ARTICLE INFO ABSTRACT

Keywords: Significant wetland losses across the globe have motivated large-scale restoration efforts to improve the quality
Restoration indicators of wetland habitats. However, previous studies have shown a high variability in the outcomes of restoration
Monitoring treatments. Post-restoration monitoring is critical to identifying factors constraining wetland recovery and di-
Trajectories

verting sites away from restoration goals but is often limited by a lack of funding. To circumvent limitations to
the large-scale monitoring of wetlands, it is pivotal to identify metrics that can be implemented at low cost yet
provide a reliable signal of restoration progress. We review scientific literature on methods to appraise post-
restoration progress in wetland ecosystems, focusing on vegetation-based indicators. We present a synthesis of
demonstrated relationships between these indicators, site conditions, landscape context, and key ecosystem
functions to highlight benefits and potential limitations to the widespread applications of these indicators to
post-restoration monitoring. Based on this literature synthesis, we suggest adopting a multi-metric approach to
fully measure ecosystem recovery. Potential solutions identified in this review to reduce costs associated with
large-scale monitoring include: identifying correlation among indicators, focusing on the most widespread
species, and using remote sensing to expand the spatiotemporal scope of monitoring and inform monitoring

Remote sensing
Landscape metrics
Structure

efforts.

1. Introduction

Wetlands play a key role in supporting biological diversity and
providing ecosystem services, but have been critically impacted by
global land conversions and increasing ecosystem stress (Allan et al.,
2013; Costanza et al., 1997; Zedler, 2003). In response, various orga-
nizations, from local to nationwide, have initiated large-scale restora-
tion efforts to rehabilitate depleted ecosystem functions and increase
the quality and extent of wetland habitats (Bedford, 1999; Moreno-
Mateos et al., 2015; Suding, 2011). The Society for Ecological Re-
storation defines ecological restoration as the assisted recovery of an
ecosystem towards a desired state or ecological condition (SER, 2004).
In wetland ecosystems, restoration interventions can include removing
non-native species, planting to accelerate recovery, grading to create
topographic heterogeneity, and site breeching to increase tidal prism
(Simenstad et al., 2006; Zhao et al., 2016). Common goals of wetland
restoration projects include extending the quality and extent of wetland
habitats, restoring ecosystem services, or promoting the resilience of
local communities to climatic changes and sea level rise (Kentula, 2000;
Simenstad et al., 2006). Yet, recent studies have revealed a substantial
variability in restoration outcomes, even among similar habitat types
and restoration treatments (e.g., Berkowitz, 2013; Matthews et al.,
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2009), with projects sometimes falling short of restoration targets
(Brudvig et al., 2017; Van den Bosch and Matthews, 2017). As a result,
it is challenging for project managers to predict the outcomes of re-
storation treatments or identify factors that could divert their sites away
from targets (Suding, 2011).

Without a consistent monitoring, it becomes difficult to identify the
site characteristics, landscape factors, or management decisions that
impact the post-restoration trajectory of sites (Brudvig et al., 2017). For
example, hydrological connectivity between wetlands and adjacent
land covers through surface flows, runoff, and groundwater can facil-
itate the transport of pollutants, nutrients, or non-native species
(Baldwin, 2004; Moreno-Mateos et al., 2008), increasing the potential
for unexpected changes and chaotic fluctuations in post-restoration
trajectories. Furthermore, the need to account for variability in cli-
matic, hydrologic, and anthropogenic factors affecting site properties
can make post-restoration monitoring and site planning even more
challenging (Wilcox et al., 2002; Xiong et al., 2003). Generating long-
term and geographically comprehensive ecological datasets from ex-
isting sites could improve the planning and design of future projects and
help managers identify the most appropriate spatiotemporal scale for
post-restoration monitoring (Brudvig, 2011; Kentula, 2000; Suding,
2011). However, such a rigorous documentation of post-restoration
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