Central Valley Landscape Conservation Project
Climate Change Vulnerability Assessment (January 2017 version)

Wetland Obligate Plants

Vulnerability Assessment Summary

Overall Vulnerability Score and Components:

Vulnerability Component Score
Sensitivity Moderate-high
Exposure High
Adaptive Capacity Moderate
Vulnerability Moderate-high

Overall vulnerability of wetland obligate plants was scored as moderate-high. The score is the
result of moderate-high sensitivity, high future exposure, and moderate adaptive capacity
scores.

Key climate factors for wetland obligate plants include the timing and amount of precipitation,
soil moisture, drought, and air and water temperature. These drivers influence plant diversity
and composition, as well as recruitment, growth, and survival.

Key non-climate factors for wetland obligate plants include agricultural and rangeland practices,
dams, levees, and water diversions, urban/suburban development, nutrient loading,
groundwater overdraft, land use change, pollution and poisons, and hunting. These non-climate
pressures will likely interact with climate pressures and disturbances and potentially result in
habitat loss, degradation, or changes in management practices that alter habitat quality for
wetland obligate plants.

Key disturbance regimes for wetland obligate plants include flooding, wildfire, wind, and
grazing. Changes in flooding magnitude and duration can substantially impact water availability
for wetland plants. Wildfire has variable impacts, stimulating sprouting and seeding for some
species, but potentially increasing erosion and reducing shade. Moderate grazing can stimulate
diversity, while wind events can enhance erosion and affect vegetation survival. Wetland
obligate plants exhibit a moderate degree of specialization; they utilize a variety of wetland
habitats, and often rely on other wetland-affiliated species (e.g., specialized pollinators).

Wetland obligate plant populations in the Central Valley are relatively healthy and stable and
exhibit moderate connectivity, despite historic wetland loss in the region. Urban development,
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land use conversion, and agricultural and rangeland practices can disrupt habitat continuity and
create dispersal barriers for wetland obligate plants by affecting the movement patterns of key
seed dispersers (e.g., waterbirds). Wetland obligate plants exhibit moderate-high diversity,
driven largely by the diversity of wetland types, hydroperiods, and management regimes within
the study region. Although wetland plants are generally intolerant to changes in hydrology and
soil moisture, their resistance to these pressures is enhanced via active management; most of
the wetlands in the Central Valley are heavily managed in order to maintain waterfowl hunting
opportunities and/or in response to incentive programs for conservation benefits.

Management potential for wetland obligate plants was scored as moderate-high and will likely
stem from wetland protection and restoration efforts via incentive programs, and renewed
interest in managing wetlands to maintain ecosystem services under a changing climate.
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Introduction

Description of Priority Natural Resource

Wetland obligate plants are diverse, ranging from annuals to perennials and from generalists to
extreme specialists®. Within a given wetland, plant species composition and diversity is
dependent on how much water is available, how long during the year that water persists, and
whether or not the wetland is managed for hunting, as well as wetland size, water source, and
geomorphology (Ortega 2009; Casazza et al. 2012; Thorne et al. 2016).

Wetland obligate plant species include cattails (Typha spp.), tule (Schoenoplectus acutus), and
bulrushes (Schoenoplectus spp.), and sedges (Carex spp.), as well as the cultivated plants
swamp Timothy (Heleochloa schenoides) and smartweed (Polyganum spp.; Ortega 2009).

As part of the Central Valley Landscape Conservation Project, workshop participants identified
wetland obligate plants as a Priority Natural Resource for the Central Valley Landscape
Conservation Project in a process that involved two steps: 1) gathering information about the
species group’s management importance as indicated by its priority in existing conservation
plans and lists and, 2) a workshop with stakeholders to identify the final list of Priority Natural
Resources, which includes habitats, species groups, and species.

The rationale for choosing the wetland obligate plants as a Priority Natural Resource included
the following: the species group has high management importance, and the species group’s
conservation needs are not entirely represented within a single priority habitat. Please see
Appendix A: “Priority Natural Resource Selection Methodology” for more information.

Vulnerability Assessment Methodology

During a two-day workshop in October of 2015, 30 experts representing 16 Central Valley
resource management organizations assessed the vulnerability of priority natural resources to
changes in climate and non-climate factors, and identified the likely resulting pressures,
stresses, and benefits (see Appendix B: “Glossary” for terms used in this report). The expert
opinions provided by these participants are referenced throughout this document with an
endnote indicating its source. To the extent possible, scientific literature was sought out to
support expert opinion garnered at the workshop. Literature searches were conducted for
factors and resulting pressures that were rated as high or moderate-high, and all pressures,
stresses, and benefits identified in the workshop are included in this report. For more
information about the vulnerability assessment methodology, please see Appendix C:
“Vulnerability Assessment Methods and Application.” Projections of climate and non-climate
change for the region were researched and are summarized in Appendix D: “Overview of
Projected Future Changes in the California Central Valley”.
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Vulnerability Assessment Details

Climate Factors

Workshop participants scored the resource's sensitivity to climate factors and this score was
used to calculate overall sensitivity. Future exposure to climate factors was scored and the
overall exposure score used to calculate climate change vulnerability.

Climate Factor Sensitivity Future Exposure
Air temperature Moderate-high High
Extreme events: drought High High
Extreme events: more heat waves - High
Increased flooding - Moderate-high
Precipitation (amount) High High
Precipitation (timing) High -
Soil moisture High -
Water temperature Moderate-high Moderate-high
Overall Scores High High

Climate change is likely to alter habitat availability for wetland obligate plants. Statewide, one
percent or less of the current area of freshwater marsh will remain suitable by the end of the
century, and the small areas of marsh that are still suitable will likely occur as vegetation
refugia (Thorne et al. 2016). Within the Central Valley, areas that remain suitable and/or may
become suitable for marsh habitat are located primarily on the eastern side of the valley,
except for a small area that could potentially become suitable located on the far northwestern
edge (Thorne et al. 2016).

Drought
Sensitivity: High (high confidence)
Future exposure: High (high confidence)
Potential refugia: Groundwater supported wetlands or highly managed refuges that
stabilize the system.

Compared to the preceding century (1896-1994), drought years in California have occurred
twice as often in the last 20 years (1995-2014; Diffenbaugh et al. 2015). Additionally, the recent
drought (2012-2014) has been the most severe drought on record in the Central Valley
(Williams et al. 2015), with record accumulated moisture deficits driven by high temperatures
and reduced, but not unprecedented, precipitation (Griffin & Anchukaitis 2014; Williams et al.
2015). Additionally, the frequency and severity of drought is expected to increase due to
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climate change over the next century (Hayhoe et al. 2004; Cook et al. 2015; Diffenbaugh et al.
2015; Williams et al. 2015), as warming temperatures exacerbate dry conditions in years with
low precipitation, causing more severe droughts than have previously been observed (Cook et
al. 2015; Diffenbaugh et al. 2015). Regardless of changes in precipitation, warmer temperatures
are expected to increase evapotranspiration and cause drier conditions (Cook et al. 2015).
Recent studies have found that anthropogenic warming has substantially increased the overall
likelihood of extreme California droughts, including decadal and multi-decadal events (Cook et
al. 2015; Diffenbaugh et al. 2015; Williams et al. 2015).

Some wetland plants are adapted to seasonal drying (Zedler 2003), but substantial drying
during the summer months will likely alter wetland hydrologic regimes and shift wetland
vegetation composition, structure, extent, and function (Poff & Zimmerman 2010). Reduced
wetland hydroperiods are likely to alter plant community diversity and habitat suitability,
particularly for species with longer aquatic life stages (Marty 2005). Similarly, prolonged
drought periods may negatively affect permanent wetlands and wetland obligate plants (e.g.,
see Holden et al. 2012; Abatzoglou & Kolden 2013). For example, excessive drying or drought
could shift some permanent wetlands to seasonal wetlands, thereby impacting plant
composition and diversity. Additionally, drought conditions could facilitate the spread of exotic
species, such as tamarisk (Tamarix spp.) or other non-native species that are more drought-
tolerant (Stromberg et al. 2010). However, some wetland obligate plants may be able to survive
extreme dry conditions by surviving as a seed (Baskin & Baskin 1998).

Drought sensitivity may vary between annual and perennial plant species. Annuals may be
more vulnerable due to time scale of drought, as annual plants currently benefit from irrigation
in seasonal wetlands during the spring and summer. During an extended drought, water for
irrigation is increasingly scarce (difficult to compete with other users), and thus annual plants
may not produce seeds needed to re-propagate. This will likely be a bigger issue in the San
Joaquin Valley compared to Sacramento Valley, and less of an issue in the Delta?.

Precipitation (amount)
Sensitivity: High (high confidence)

Future exposure: High (high confidence)

Precipitation (timing)
Sensitivity: High (high confidence)

Overall, there is a slight decreasing trend in precipitation for central and southern California but
with increased variability in precipitation (Hunsaker et al. 2014). Although water from
snowmelt and rainfall can buffer water shortages during the winter and spring, the southern
portion of the Central Valley is overall more sensitive to precipitation and water availability
changes due to its drier climate (Kahara et al. 2012).
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In general, shifting rainfall patterns may affect the future persistence of plant species that have
adapted to historical rainfall patterns (CA Natural Resources Agency 2010), including wetland
obligate plants. Changes in the timing and amount of precipitation will affect regional hydrology
and the persistence and functioning of wetlands, as well as their component species, such as
wetland obligate plants (Meyers et al. 2010; Null et al. 2013). By affecting wetland
hydroperiods, precipitation changes may alter wetland plant composition and diversity, which
is dependent on wetland size, shape, water source, geomorphology, and management. For
example, when water depth is more than one meter, most vegetation is either anchored or
floating hydrophytes, such as water lilies, duckweed, or pondweed (Thorne et al. 2016).
Sensitivity to precipitation shifts will likely vary by species, since some species are able to
tolerate high variability in growing season onset and duration timing (Zedler 2003). Wetland
plants in the Sacramento Valley where water resources are not as scarce may be less sensitive
to precipitation shifts because the effects of drying may be reduced or delayed (Medellin-
Azuara et al. 2007; Reiter et al. 2015).

Soil moisture
Sensitivity: High (high confidence)

Between 1951-1980, climatic water deficit increased by 2 mm in the Central Valley, compared
to an average of 17 mm statewide (Thorne et al. 2015). Thorne et al. (2015) project that
climatic water deficit is expected to increase by 131 mm in the Central Valley (compared to 140
mm statewide) by 2070-2099 under a drier scenario and 44 mm (compared to 61 mm
statewide) under a wetter scenario.

Soil moisture is a dominant factor that regulates the distribution, productivity, and survival of
wetland obligate plants (Running et al. 2004). A lack of soil moisture can lead to water stress,
earlier spring phenology, decreased photosynthesis and growth, and even mortality (Perry et al.
2012). Individual wetland plant species have different capacities to avoid or tolerate soil
moisture reductions by controlling leaf area, osmotic potential, leaf conductance, and the
maintenance of turgor (Nilsen et al. 1984). Wetland plants with more developed root systems
and that are able to access groundwater may be less sensitive to changes in soil moisture
(Ehleringer & Dawson 1992). There can also be a gradient of plant sensitivities to soil moisture
within some wetlands from deep to shallow areas (Bauder 2005).

Air temperature
Sensitivity: Moderate-high (high confidence)
Future exposure: High (high confidence)
Potential refugia: Near Delta, cold air drainage areas near foothills, vernal pools in
Sacramento Valley.

If soil moisture is adequate, warming air temperatures could increase photosynthesis and
growth rates for many wetland obligate plants (Perry et al. 2012). Alternatively, warming
temperatures, particularly higher maximum temperatures, could lead to heat stress and
reduced wetland plant growth (Perry et al. 2012). Temperatures above 45°C (113°F) damage or
kill leaf tissue of most plant species, and temperatures between 25-45°C (77-113°F) can reduce
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germination, growth, flowering, fruit ripening, and seed set (Wahid et al. 2007). Additionally,
some plants may experience phenologic mismatches if temperatures warm (Perry et al. 2012).

Water temperature
Sensitivity: Moderate-high (moderate confidence)
Future exposure: Moderate-high (high confidence)
Potential refugia: The Delta and Sacramento Valley as the San Joaquin Valley warmes.

Warming water temperatures may prolong anoxic conditions, which can develop whenever
water tables are high; anoxic periods strongly affect wetland plant community composition
(Castelli et al. 2000). Additionally, high water temperatures may increase plant growth rates but
negatively affect germination. Water temperature tolerances for most wetland obligate plants
are unclear?.

Heat waves
Future exposure: High (high confidence)
Potential refugia: Groundwater supported wetlands or highly managed refuges that
stabilize the system.

Non-Climate Factors
Workshop participants scored the resource's sensitivity and current exposure to non-climate
factors, and these scores were then used to assess their impact on climate change sensitivity.

Non-Climate Factor Sensitivity Current Exposure
Agriculture & rangeland practices High Moderate-high
Dams, levees, & water diversions High High
Groundwater overdraft Moderate-high Moderate-high
Land use change Moderate-high Moderate
Nutrient loading High High
Other factors Moderate-high Moderate-high
Pollution & poisons Moderate-high Moderate-high
Urban/suburban development High Moderate

Overall Scores High Moderate-high

Dams, levees, & water diversions
Sensitivity: High (high confidence)
Current exposure: High (high confidence)
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Pattern of exposure: Consistent across the landscape.

Dams, levees, and water diversions for agriculture and other human uses can change
streamflow dynamics, including high- and low-flows, affecting wetland plant species
composition and structure (Stromberg et al. 2007). Future changes in water management to
maintain reservoir storage and deliver water to municipal, agricultural, and industrial users are
likely to reduce flow variability, particularly by decreasing flood magnitude and/or frequency
(Perry et al. 2012); a reduction in flooding will have major effects on wetland geomorphology
and ecology, and subsequently, on wetland obligate plants. For example, as streamflows
become more intermittent, the diversity and cover of herbaceous wetland obligate plants may
decline (Stromberg et al. 2010). Perennial wetland plant species can be significantly impacted
as more water is diverted and groundwater tables decline, driving shifts in floodplain species
composition from wetland pioneer trees (Populus spp., Salix spp.) to more drought-tolerant
shrub species, including Tamarix spp. (non-native) and Bebbia spp. (Kerns et al. 2009).

Nutrient loading
Sensitivity: High (high confidence)
Current exposure: High (high confidence)
Pattern of exposure: Consistent across the landscape.

Excess nutrients, such as nitrogen and phosphorus, can increase algal production, decrease
dissolved oxygen, and alter the species composition of wetland communities (Carpenter et al.
1998; Klose et al. 2012). Additionally, excessive nutrient loading can lead to increased invasive
species abundance in some areas (Gerhardt & Collinge 2003). Although natural levels of some
of these nutrients are relatively high in some areas, additional concentrations can be delivered
to wetlands via runoff from agricultural and urban activities (Carpenter et al. 1998). Agriculture
is the primary source of nutrient loading in the Central Valley, but urban runoff from
wastewater treatment plants, industrial sites, and fertilizer applications can also contribute
significant additions (Carpenter et al. 2007; Klose et al. 2012).

Agricultural & rangeland practices
Sensitivity: High (high confidence)
Current exposure: Moderate-high (high confidence)
Pattern of exposure: Consistent across the landscape, but particularly in the Tulare
Basin.

The Central Valley is dominated by agricultural development, with 56% of the Valley classified
as irrigated or non-irrigated farmland (Newbold 2002). Agricultural development in this region
has been possible due to a massive water distribution system that transfers water from the
north to arid central and southern parts of the state (Duffy & Kahara 2011). In fact, nearly 93%
of all water used in the region is for agricultural production. Earlier and larger irrigation water
withdrawals could substantially reduce late spring and summer flows (Eheart & Tornil 1999),
thereby compounding projected reductions in available water and further increasing plant
stress (Perry et al. 2012). Wetland plants can be obliterated by incompatible agricultural and
rangeland practices?.

10
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Urban/suburban development
Workshop participants did not further discuss this factor beyond assigning scores.

Sensitivity: High (high confidence)
Current exposure: Moderate (high confidence)
Pattern of exposure: Localized around existing cities.

Groundwater overdraft
Sensitivity: Moderate-high (high confidence)
Current exposure: Moderate-high (high confidence)
Pattern of exposure: Consistent across the landscape, but worse in the south half of the
Central Valley. Exposure depends on water table depth.

Groundwater is an important source of water for plants and humans, especially in arid and
semiarid regions, and a change in groundwater depth due to over-drafting may affect
vegetation physiology, structure, and community dynamics (Naumburg et al. 2005). Generally,
decreasing water tables as result of overdraft increases plant water stress and reduces or
eliminates live biomass (Zektser et al. 2004). However, responses are species-specific and
depend on plant drought and flood tolerances and rooting depth. Large-scale groundwater
extraction may cause adverse environmental impacts on riparian, stream, and wetland systems
because of the close linkages between groundwater and biogeochemical cycles and ecological
processes (Loaiciga 2002, 2003).

Hunting
Sensitivity: Moderate-high (high confidence)
Current exposure: Moderate-high (high confidence)
Pattern of exposure: Consistent across the landscape.

The majority of wetland habitat in the Central Valley is managed for hunting (Gilmer et al.
1982), and funds for wetland protection and restoration are largely provided by the sale of
Federal Migratory Bird Hunting and Conservation Stamps (“duck stamps”; Gilmer et al. 1982).
Subsequently, many hunters support policies and management practices that benefit waterfowl
and management of their wetland habitat (North American Waterfowl Management Plan
2012), indirectly benefitting wetland obligate plants. Species composition within wetlands
managed for hunting tend to include plants that are valued as a food source for waterfowl
(Casazza et al. 2012) and many wetlands are managed for seed production of swamp Timothy
(Heleochloa schenoides) and smartweed (Polyganum spp.; Ortega 2009). Other management
activities that maintain wetlands for waterfowl and affect wetland obligate plants include flood
regime management, burning, and disking (Kahara et al. 2012). In some cases, wetlands have
been converted when hunting value declines (Gilmer et al. 1982), and without hunting, wetland
vegetation will likely change?.

Pollutions & poisons
Sensitivity: Moderate-high (moderate confidence)
Current exposure: Moderate-high (high confidence)

11
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Pattern of exposure: Consistent across the landscape, but depends on pollutant.

Roadway contaminants, mosquito-control pesticides, and agricultural pesticide and herbicide
use may negatively impact wetland water and soil quality (U.S. Fish and Wildlife Service 2005).
Pollutions and poisons can have direct impacts on wetland obligate plants, but can also
indirectly affect this species group by altering wetland management, which ultimately impacts
plants. For example, the direct impact of mercury on plants is less than potential changes in
wetland management in response to mercury issues, such as a requirement to curtail mercury
methylation®. Mercury forms in anoxic sediment, especially surface sediment in wetland
environments (Windham-Myers et al. 2014). Wetlands actively managed for agriculture, such as
rice, tend to have substantially higher concentrations of mercury — up to 95-fold higher than
non-agricultural permanently-flooded and seasonally-flooded wetlands (Windham-Myers et al.
2014).

Land use change
Sensitivity: Moderate-high (high confidence)
Current exposure: Moderate (high confidence)
Pattern of exposure: Localized around existing cities.

Because wetlands are generally found on flat, fertile substrates, such as floodplain and valley
floors, they were prime locations for historical conversion (Frayer et al. 1989). Since 1849, there
has been a 90% reduction in wetland acreage across California (CA Natural Resources Agency
2010), and more than 95% of wetlands have been lost through conversion to urban
development or agriculture in the Central Valley (Gilmer et al. 1982). Exacerbating this loss is
population growth and continued water demand for agriculture and development (Duffy &
Kahara 2011). Contemporary land conversions of greatest concern are wetland conversion to
agricultural uses and vineyards?.

Disturbance Regimes

Workshop participants scored the resource's sensitivity to disturbance regimes, and these
scores were used to calculate climate change sensitivity.

Overall sensitivity to disturbance regimes: Moderate (high confidence)

Flooding

Sensitivity: Moderate-high (no confidence assessed)
Future exposure: Moderate-high (high confidence)

Wetland obligate plants are adapted to the historical wetland flooding patterns in the Central
Valley, with flooding occurring typically during winter months. However, because flooding
mechanisms (snowmelt versus rain) differ between basins, there are large differences in the
timing that wetlands receive their water (Duffy & Kahara 2011). Increased flood events as a
result of climate change could convert vernal pools to emergent vegetation (Euliss et al. 2004),
but could also act as a positive event for other habitats with wetland obligate plants?. If flood

12
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events are intense but short-lived, the total time flooded over the year could be lower,
potentially reducing habitat suitability for wetland obligate plants?.

Additionally, many of the river systems that feed Central Valley wetlands are now highly
managed by dams, levees, and bypasses, which control flow variability and essentially eliminate
natural flood regimes; most wetlands now rely on managed water supplies for seasonal
flooding (CA Natural Resources Agency 2010). Changes in the frequency and magnitude of
floods as a result of human management will affect wetland obligate plant species composition
and structure (Stromberg et al. 2007; see non-climate factors section below). Water captured
by dams and delivered by canal or through stream channels is in high demand as it provides
water for a variety of uses. Demand for this water increases every year, as does the cost, and
many wetland managers now rely on irrigation drain water, wastewater discharges, low priority
water contracts, non-binding agreements with water districts, and groundwater pumping (CA
Natural Resources Agency 2010). Increasing water demand will likely compound climate-
induced changes in hydrology is future water demand (Medellin-Azuara et al. 2007), placing
additional stress on water supplies (Kahara et al. 2012).

Wildfire
Sensitivity: Moderate (no confidence assessed)

Compared to surrounding terrestrial areas, wetlands tend to have relatively high levels of
biomass and fuel loads (Van de Water & North 2011), which makes them susceptible to high-
severity fires (Olson & Agee 2005). As temperatures warm, wetland areas may become
increasing susceptible to wildfire. Fires that occur during extreme weather conditions (e.g., hot,
dry wind storms) can be particularly severe (Van de Water & North 2011). More frequent and
severe fires may increase sediment runoff and reduce shading from nearby woody vegetation,
increasing wetland water temperatures (Dwire & Kauffman 2003; Miller et al. 2003; Pettit &
Naiman 2007; Barnett et al. 2008). Additionally, wildfires that burn cattails (Typha spp.) or tule
(Schoenoplectus acutus) can significantly increase soil compaction?.

However, many species of wetland grasses are adapted to fire, which can stimulate sprouting
and seeding; these include cordgrasses (Spartina spp.), bulrushes (Schoenoplectus spp.), and
cattails, although some sedges (Carex spp.) do not re-sprout readily (Sugihara 2006; Thorne et
al. 2016). In seasonal wetlands, wildfire is usually applied by managers via prescribed burning to
reset succession and increase species richness and vegetative cover (Sugihara 2006).

Wind
Sensitivity: Low-moderate (no confidence assessed)

Wind events are naturally variable and therefore long-term historical records are sparse in
wetlands. Additionally, future projections of extreme weather events are difficult to model
(Toreti et al. 2013). Nevertheless, wind disturbances are geomorphologically and ecologically
important for wetland obligate plants because they can affect a large area (Yih et al. 1991) and
effects on vegetation and soils may be permanent on an ecological time scale (Wanless et al.
1994). For instance, high magnitude wind disturbances can affect wetland soil (sediment,

13
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deposition, and erosion), root growth, and vegetation survival, especially along coastal areas
(Cahoon 2006). Wind can also decrease vernal pool hydroperiods, but helps with soil turnover
in larger water bodies®.

Grazing

Drought may reduce grazing forage and available water for livestock in terrestrial areas and
could thereby exert additional grazing pressure on wetland areas (Vose et al. 2016). The
combination of a number of exceptionally dry years and intensive grazing pressure can
substantially alter wetland vegetation composition and structure, which then can increase
susceptibility to fire. In some systems, these changes could shift the habitat composition to
early seral vegetation, thereby losing some of the wetland shading effects from mature trees
(Vallentine 1989).

Although intensive grazing can be detrimental for some wetland plants and their habitats,
moderate grazing has the potential to be beneficial. Moderate cattle grazing is currently used in
Central Valley wetlands to increase species richness and vegetative cover (Sugihara 2006);
however, sheep grazing is not beneficial for wetland obligate plants?.

Dependency on habitat and/or other species
Workshop participants scored the resource's dependency on habitat and/or other species, and
these scores were used calculate climate change sensitivity.

Overall degree of specialization: Moderate (high confidence)

Dependency on one or more sensitive habitat types: High (high confidence)
Description of habitat: Vernal pools, seasonal wetlands, permanent wetlands,
channel connected wetlands, groundwater/spring/seep supplied wetlands.

Dependency on specific prey or forage species: Low (high confidence)

Dependency on other critical factors that influence sensitivity: Moderate (high

confidence)

Description of other dependencies: Vernal pool pollinators, seed dispersers
(shrews, salt marsh harvest mouse, waterbirds).

Wetland obligate plants are highly dependent on wetland habitats as well as other wetland
species. For instance, some of the relatively large-flowered annuals in vernal pools depend on a
number of specialized insects pollinators (Thorp & Leong 1998). Some of these annuals plants
also provide an important food resource for many birds (Silveira 2000).

Adaptive Capacity
Workshop participants scored the resource's adaptive capacity and the overall score was used
to calculate climate change vulnerability.
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Adaptive Capacity Component Score
Extent, Status, and Dispersal Ability Moderate
Landscape Permeability Low-moderate
Intraspecific Species Group Diversity Moderate-high

Resistance & Recovery Low-moderate
Other Adaptive Capacity Factors Moderate
Overall Score Moderate

Extent, status, and dispersal ability

Overall degree extent, integrity, connectivity, and dispersal ability: Moderate (high
confidence)

Geographic extent: Occurs across the study region (high confidence)

Health and functional integrity: Moderately healthy (moderate confidence)
Population connectivity (north-south): Patchy with connectivity between patches (high
confidence)

Dispersal ability: Moderate-high (high confidence)

Central Valley wetlands covered an area of four million acres in the mid-1800s, but habitat
extent has declined significantly since, as much of this area was lost by the mid-1980s due to
filling, agricultural production, and land use conversion. Currently, 179,232 acres of seasonal
wetlands and 26,322 acres of permanent and semi-permanent wetlands exist in the region
(Central Valley Joint Venture 2006). There is significant year-to-year variation in the area and
connectivity of flooded habitat (Reiter et al. 2015), and factors such as drought can drastically
reduce the area of flooded habitat within a single season (Elphick 2004). However, flooded
croplands may provide many of the same ecosystem functions as wetlands and increase
wetland habitat continuity (Elphick 2000). The distribution of wetland obligate plants is
localized, and southern wetland obligate plant groups are more degraded than northern
groups. Many species are endemic, while many others are transboundary!. Wetland obligate
plant dispersal occurs via wind or animal transport (Elphick 2004).

Landscape permeability

Overall landscape permeability: Low-moderate (high confidence)
Impact of various factors on landscape permeability:
Urban/suburban development: High (high confidence)
Land use change: Moderate-high (low confidence)
Agricultural & rangeland practices: Moderate (high confidence)
Dams, levees, & water diversions: Low-moderate (high confidence)

Land use conversion and agricultural/rangeland practices can create dispersal barriers for
wetland obligate plants, although the degree of impact depends on how much these factors
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increase habitat fragmentation and create isolated wetlands. For example, shifts in agricultural
crops due to climate change (e.g., rice to other crops) could negatively affect some native plant
dispersers, such as waterbird species (Elphick 2004), undermining seed and rhizome dispersal.
Reduced dispersal opportunities could be further compounded with drying of some seasonal
wetlands due to climate change, which creates a more fragmented landscape (Bakker et al.
1996). Grazing can also influence wetland plant dispersal; overgrazing can lower water tables,
increasing fragmentation, and mistimed grazing can cause cattle to eat plants before they go to
seed. However, vernal pool grazing may facilitate seed dispersal via cattle, although some
species are more dependent on waterbirds than cattle for dispersal.

Urban development and increased drought are expected to place greater demands on
California’s electricity supply, which will indirectly affect the water supply for irrigation and
wetlands (OEHHA 2013). Dam, water diversions, and levees have a localized impact on
dispersal.

Resistance and recovery

Overall ability to resist and recover from stresses: Low-moderate (high confidence)
Resistance to stresses/maladaptive human responses: Low-moderate (high confidence)
Ability to recover from stresses/maladaptive human response impacts: Moderate
(moderate confidence)

Although wetland obligate plants are generally intolerant to changes in hydrology and soil
moisture, most of the wetlands in the Central Valley are heavily managed and many are valued
as waterfowl habitat for hunting (North American Waterfowl Management Plan 2012).
Therefore, resistance to climate-driven pressures is tied to hunter support as well as incentive
programs, both of which fund habitat management and offset water costs (Duffy & Kahara
2011). For example, incentive programs for funding, technical assistance, and infrastructure can
help private landowners modify land use practices and restore native wetland vegetation for
conservation (Norton 2000; Langpap 2006). Examples of these habitat programs include the
Natural Resources Conservation Service’s (NRCS) Wetlands Reserve Program and U.S. Fish and
Wildlife Service’s (USFWS) Partners for Fish and Wildlife Program, which restore, enhance, and
protect wetland habitat through voluntary easement agreements, as well as the California
Department of Fish and Wildlife’s (CDFW) California Waterfowl Habitat Program and its
Landowner Incentive Program, which provide financial and technical support for wetland
habitat management (DiGaudio et al. 2015).

Species group diversity
Overall species group diversity: Moderate-high (high confidence)
Diversity of life history strategies: Moderate-high (high confidence)
Genetic diversity: High (high confidence)
Behavioral plasticity: Moderate (high confidence)
Phenotypic plasticity: Moderate-high (moderate confidence)
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Wetland obligate plants are highly diverse. Life history strategies include both annuals and
perennials, and genetic diversity varies depending on the species. Habitat specificity amongst
component plants varies, ranging from generalists (e.g., tule) to highly specialized species (e.g.,
vernal pool endemics). Although not all plants exhibit behavioral plasticity, some plants can
elect to spread by seed or rhizome, or reproduce sexually or asexually. Phenotypic plasticity is
similarly variable between species, with some species able to go dormant during the winter,
while other species (e.g., vernal pool species) exhibit more limited flexibility. Overall,
phenotypic plasticity is limited by water residence time/hydroperiod?.

Wetland plant diversity is driven by water availability, timing, and depth, and human
management practices (Ortega 2009; Casazza et al. 2012; Thorne et al. 2016). Topographic
wetland variation and other physical attributes can also create a more heterogeneous habitat,
which can support a high degree of plant biodiversity (Kahara et al. 2012).

Other Factors

Overall degree to which other factors affect habitat adaptive capacity: Moderate (high
confidence)

Population growth

Infrastructure, labor, and funding for adding water to wetlands

Endangered Species Act

Diversion curtailments/instream flow requirements

Population growth

The adaptive capacity of wetland obligate plants is dependent on flow conditions, which are
affected by the region’s growing population. For instance, the Lower San Joaquin River can
experience very low flow conditions, offering little to no flows to dilute watershed drainage in
critically dry years. In response, the Central Valley Regional Water Quality Control Board has
adopted a requirement for discharges from irrigated lands (Ortega 2009). During these
situations, wetland managers are asked to modify their normal water management by draining
wetlands to match their discharge and meet load allocations (Ortega 2009); however, it is not
entirely clear how these changes may impact different wetland plant species. Instream flow
requirements designed to enhance fish habitat are likely to further reduce water availability for
wetland species, especially during drought periods (Tanaka et al. 2006; Howitt et al. 2013;
Reiter et al. 2015).

Population growth is projected to increase by 19-30% by 2025 in California (Public Policy
Institute of California 2006). A larger population will increase the demand for agricultural
production, water resources, and land for development. These factors, combined with climate
change, will likely impact wetland plant species through loss of habitat and reduced water
availability (Gilmer et al. 1982; Ackerman et al. 2006; Medellin-Azuara et al. 2007).

Infrastructure, labor, and funding for adding water to wetlands

It is legally permitted to add water to wetlands, but infrastructure, labor, and funding are
lacking; it will likely be difficult to secure water?.
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Management potential
Workshop participants scored the resource's management potential.

Management Potential Component Score
Habitat value Moderate
Societal support High

Agriculture & rangeland practices Moderate-high

Extreme events Moderate-high

Converting retired land Moderate-high

Managing climate change impacts Moderate
Overall Score Moderate-high

Value to people

Value to people: Moderate (high confidence)
Description of value: Indirect value through valuing wetlands for water quality, hunting,
and other valued species habitat.

Support for conservation

Degree of societal support for management and conservation: High (high confidence)
Description of support: Same degree of support as permanent wetlands (legislative,
regulatory, and hunting support). These plants and hydric soils are indicators of wetland
habitat. There are many policies that ensure no net loss of wetlands, and that support
preservation or restoration of wetland area. There are many economic ties to wetland
presence.

Degree to which agriculture and/or rangelands can benefit/support/increase
resilience: Moderate-high (high confidence)

Description of support: Grazing can benefit vernal pools. Agriculture and rangelands
between wetlands gives buffer between wetlands and urban areas, reducing
fragmentation. Some marginal agriculture lands will be converted to wetlands.
Agricultural lands are restorable; urban land really is not. Vernal pools can’t be restored
from agricultural land due to deep ripping.

Degree to which extreme events (e.g., flooding, drought) influence societal support for
taking action: High (high confidence)
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Description of events: Flooding from major natural disasters (e.q., Hurricane Katrina)
increases support for wetlands as buffers. Drought decreases support because of
competition for water; people are forced to prioritize for health and public safety.

Likelihood of converting land to support species group

Likelihood of (or support for) converting retired agriculture land to maintain or
enhance species group: Moderate-high (high confidence)

Description of likelihood: Some marginal agricultural lands will be converted to
wetlands. The Wetland Reserve Program retires marginal land to create wetlands.
Likelihood is low-moderate for vernal pools; they are less likely or impossible to convert
from land that was deep-ripped.

Likelihood of managing or alleviating climate change impacts:

Managed wetlands: Moderate-high (high confidence)

Vernal pools: Low-moderate (high confidence)
Description of likelihood: The timing and availability of water allocations or
precipitation will be important. It is harder to manage vernal pool hydrology; in
managed wetlands, there is a higher chance of alleviating impacts because of higher
manipulative ability with water. There may also be opportunity to mitigate temperature
increases by timing water release into the system.

Management objectives and techniques have evolved in the Central Valley over the last few
decades, and there are now a number of incentive programs to support wetland restoration
and enhancement (Ackerman et al. 2006; Central Valley Joint Venture 2006; North American
Waterfowl Management Plan 2012). For instance, many agricultural lands in the Central Valley
are enrolled in the USDA’s Environmental Quality Incentives Program and receive technical
assistance through the Conservation Technical Assistance Program (Duffy & Kahara 2011).
Similarly, the Wetlands Reserve Program (WRP) was created by the NRCS as part of the 1990
Farm Bill and is designed to compensate landowners for converting flood-prone farmland to
wetlands (Kahara et al. 2012). Since it began, this program has resulted in the restoration of
about 29,000 hectares of wetlands in the Central Valley. Actively managed WRP wetlands
support special status species than sites under low or intermediate management (Kahara et al.
2012; DiGaudio et al. 2015).

Although many wetlands in the Central Valley have been converted or degraded, managed and
unmanaged wetlands provide a number of important ecosystem services, such as groundwater
recharge, flood storage, water quality abatement, and biodiversity support (Duffy & Kahara
2011). There is also a growing desire to restore Central Valley wetlands in light of climate
change (Seavy et al. 2009). Specific management activities may be focused on retaining water
and actively managing vegetation by planting, burning, mowing, or disking, which has the
potential to attract waterbirds for hunting (Kahara et al. 2012).

19



Central Valley Landscape Conservation Project

Climate Change Vulnerability Assessment: Wetland Obligate Plants

Literature Cited

Abatzoglou JT, Kolden CA. 2013. Relationships between climate and macroscale area burned in the
western United States. International Journal of Wildland Fire 22:1003-1020.

Ackerman JT, Takekawa JY, Orthmeyer DL, Fleskes JP, Yee JL, Kruse KL. 2006. Spatial use by wintering
greater white-fronted geese relative to a decade of habitat change in California’s Central Valley.
Journal of Wildlife Management 70:965-976.

Bakker JP, Poschlod P, Strykstra RJ, Bekker RM, Thompson K. 1996. Seed banks and seed dispersal:
important topics in restoration ecology. Acta Botanica Neerlandica 45:461—-490.

Barnett TP et al. 2008. Human-induced changes in the hydrology of the western United States. Science
319:1080-1083.

Baskin CC, Baskin JM. 1998. Seeds: ecology, biogeography, and, evolution of dormancy and germination.
Elsevier.

Bauder ET. 2005. The effects of an unpredictable precipitation regime on vernal pool hydrology.
Freshwater Biology 50:2129-2135.

CA Natural Resources Agency. 2010. State of the state’s wetlands: 10 years of challenges and progress.
California Natural Resources Agency, State of California, Sacramento, CA. Available from
http://resources.ca.gov/docs/SOSW_report_with_cover_memo_10182010.pdf (accessed May
20, 2016).

Carpenter SR, Caraco NF, Correll DL, Howarth RW, Sharpley AN, Smith VH. 1998. Nonpoint pollution of
surface waters with phosphorus and nitrogen. Ecological Applications 8:559-568.

Carpenter TM, Wang J, Taylor SV, Shamir E, Sperfslage JA, Georgakakos KP. 2007. Surveying flash flood
response in mountain streams. Eos, Transactions American Geophysical Union 88:69-72.

Casazza ML, Coates PS, Miller MR, Overton CT, Yparraguirre DR. 2012. Hunting influences the diel
patterns in habitat selection by northern pintails Anas acuta. Wildlife Biology 18:1-13.

Castelli RM, Chambers JC, Tausch RJ. 2000. Soil-plant relations along a soil-water gradient in Great Basin
riparian meadows. Wetlands 20:251-266.

Central Valley Joint Venture. 2006. Central Valley Joint Venture implementation plan — conserving bird
habitat. U.S. Fish and Wildlife Service, Sacramento, CA. Available from
http://www.centralvalleyjointventure.org/assets/pdf/CVIV_fnl.pdf.

Cook BI, Ault TR, Smerdon JE. 2015. Unprecedented 21st century drought risk in the American
Southwest and Central Plains. Science Advances 1:e1400082.

Diffenbaugh NS, Swain DL, Touma D. 2015. Anthropogenic warming has increased drought risk in
California. Proceedings of the National Academy of Sciences 112:3931-3936.

DiGaudio RT, Kreitinger KE, Hickey CM, Seavy NE, Gardali T. 2015. Private lands habitat programs benefit
California’s native birds. California Agriculture 69:210-220.

Duffy WG, Kahara SN. 2011. Wetland ecosystem services in California’s Central Valley and implications
for the Wetland Reserve Program. Ecological Applications 21:518-S30.

Dwire KA, Kauffman JB. 2003. Fire and riparian ecosystems in landscapes of the western USA. Forest
Ecology and Management 178:61-74.

Eheart JW, Tornil DW. 1999. Low-flow frequency exacerbation by irrigation withdrawals in the
agricultural Midwest under various climate change scenarios. Pages 1-6 in E. M. Wilson, editor.
WRPMD’99: preparing for the 21st century. American Society of Civil Engineers, Tempe, AZ.
Available from http://dx.doi.org/10.1061/40430(1999)252 (accessed May 2, 2016).

Ehleringer JR, Dawson TE. 1992. Water uptake by plants: perspectives from stable isotope composition.
Plant, Cell & Environment 15:1073-1082.

Elphick CS. 2000. Functional equivalency between rice fields and seminatural wetland habitats.
Conservation Biology 14:181-191.

20



Central Valley Landscape Conservation Project

Climate Change Vulnerability Assessment: Wetland Obligate Plants

Elphick CS. 2004. Assessing conservation trade-offs: identifying the effects of flooding rice fields for
waterbirds on non-target bird species. Biological Conservation 117:105-110.

Euliss NH, LaBaugh JW, Fredrickson LH, Mushet DM, Laubhan MK, Swanson GA, Winter TC, Rosenberry
DO, Nelson RD. 2004. The wetland continuum: A conceptual framework for interpreting
biological studies. Wetlands 24:448-458.

Ficklin DL, Luo Y, Zhang M. 2013. Climate change sensitivity assessment of streamflow and agricultural
pollutant transport in California’s Central Valley using Latin hypercube sampling. Hydrological
Processes 27:2666—-2675.

Frayer DE, Peters DD, Pywell HR. 1989. Wetlands of the California Central Valley: status and trends 1939
to mid-1980s. U.S. Fish and Wildlife Service, Region 1, Portland, OR.

Gerhardt F, Collinge SK. 2003. Exotic plant invasions of vernal pools in the Central Valley of California,
USA. Journal of Biogeography 30:1043—-1052.

Gilmer D, Miller M, Bauer R, LeDonne J. 1982. California’s Central Valley wintering waterfowl: concerns
and challenges. US Fish & Wildlife Publications. Available from
http://digitalcommons.unl.edu/usfwspubs/41.

Griffin D, Anchukaitis KJ. 2014. How unusual is the 2012—-2014 California drought? Geophysical Research
Letters 41:9017-9023.

Hayhoe K et al. 2004. Emissions pathways, climate change, and impacts on California. Proceedings of the
National Academy of Sciences 101:12422-12427.

Holden ZA, Luce CH, Crimmins MA, Morgan P. 2012. Wildfire extent and severity correlated with annual
streamflow distribution and timing in the Pacific Northwest, USA (1984-2005). Ecohydrology
5:677-684.

Howitt RE, MacEwan D, Garnache C, Medellin-Azuara J, Marchand P, Brown D, Six J, Lee J. 2013.
Agricultural and economic impacts of Yolo Bypass fish habitat proposals. University of California,
Davis.

Hunsaker CT, Long JW, Herbst DB, Long JW, Quinn-Davidson L, Skinner CN. 2014. Watershed and stream
ecosystems. Pages 265—322. U.S. Department of Agriculture, Forest Service, Pacific Southwest
Research Station, Albany, CA. Available from
http://www.fs.fed.us/psw/publications/documents/psw_gtr247/.

Kahara SN, Duffy WG, DiGaudio R, Records R. 2012. Climate, management and habitat associations of
avian fauna in restored wetlands of California’s Central Valley, USA. Diversity 4:396—418.

Kerns BK, Naylor BJ, Buonopane M, Parks CG, Rogers B. 2009. Modeling tamarisk (Tamarix spp.) habitat
and climate change effects in the northwestern United States. Invasive Plant Science and
Management 2:200-215.

Klose K, Cooper SD, Leydecker AD, Kreitler J. 2012. Relationships among catchment land use and
concentrations of nutrients, algae, and dissolved oxygen in a southern California river.
Freshwater Science 31:908-927.

Langpap C. 2006. Conservation of endangered species: can incentives work for private landowners?
Ecological Economics 57:558-572.

Lodiciga H. 2002. Sustainable ground-water exploitation. International Geology Review 44:1115-1121.

Lodiciga HA. 2003. Groundwater mining. Pages 245-349 in B. A. Stewart and T. A. Howell, editors.
Encyclopedia of Water Sciences. Marcel Dekker, Inc., New York, NY.

Marty JT. 2005. Effects of cattle grazing on diversity in ephemeral wetlands. Conservation Biology
19:1626-1632.

Medellin-Azuara J, Harou JJ, Olivares MA, Madani K, Lund JR, Howitt RE, Tanaka SK, Jenkins MW, Zhu T.
2007. Adaptability and adaptations of California’s water supply system to dry climate warming.
Climatic Change 87:75-90.

21



Central Valley Landscape Conservation Project

Climate Change Vulnerability Assessment: Wetland Obligate Plants

Meyers EM, Dobrowski B, Tague CL. 2010. Climate change impacts on flood frequency, intensity, and
timing may affect trout species in Sagehen Creek, California. Transactions of the American
Fisheries Society 139:1657-1664.

Miller NL, Bashford KE, Strem E. 2003. Potential impacts of climate change on California hydrology.
JAWRA Journal of the American Water Resources Association 39:771-784.

Naumburg E, Mata-gonzalez R, Hunter RG, Mclendon T, Martin DW. 2005. Phreatophytic vegetation and
groundwater fluctuations: a review of current research and application of ecosystem response
modeling with an emphasis on Great Basin vegetation. Environmental Management 35:726—
740.

Newbold SC. 2002. Targeting conservation activities: cost-effective wetlands restoration in the Central
Valley of California. Dissertation. University of California, Davis, CA. Available from
http://escholarship.org/uc/item/81q556p7 (accessed May 2, 2016).

Nilsen ET, Sharifi MR, Rundel PW. 1984. Comparative water relations of phreatophytes in the Sonoran
Desert of California. Ecology 65:767—778.

North American Waterfowl Management Plan. 2012. North American waterfowl management plan:
people conserving waterfowl and wetlands. Canadian Wildlife Service, U.S. Fish and Wildlife
Service, Secretaria de Medio Ambiente y Recursos Naturales. Available from
http://nawmprevision.org.

Norton DA. 2000. Conservation biology and private land: shifting the focus. Conservation Biology
14:1221-1223.

Null SE, Viers JH, Deas ML, Tanaka SK, Mount JF. 2013. Stream temperature sensitivity to climate
warming in California’s Sierra Nevada: impacts to coldwater habitat. Climatic Change 116:149—
170.

OEHHA. 2013. Indicators of climate change in California. Office of Environmental Health Hazard
Assessment, California Environmental Protection Agency, Sacramento, CA. Available from
http://www.oehha.ca.gov/multimedia/epic/2013EnvindicatorReport.html.

Olson DL, Agee JK. 2005. Historical fires in Douglas-fir dominated riparian forests of the southern
Cascades, Oregon. Fire Ecology 1:50-74.

Ortega R. 2009. Swamp Timothy production response to a modified hydrology in wetlands of the
grassland ecological area. University of California Davis. Available from
http://gradworks.umi.com/14/70/1470254.html (accessed March 7, 2016).

Perry LG, Andersen DC, Reynolds LV, Nelson SM, Shafroth PB. 2012. Vulnerability of riparian ecosystems
to elevated CO; and climate change in arid and semiarid western North America. Global Change
Biology 18:821-842.

Pettit NE, Naiman RJ. 2007. Fire in the riparian zone: characteristics and ecological consequences.
Ecosystems 10:673-687.

Poff NL, Zimmerman JKH. 2010. Ecological responses to altered flow regimes: a literature review to
inform the science and management of environmental flows. Freshwater Biology 55:194-205.

Public Policy Institute of California. 2006. California’s future population. Public Policy Institute of
California, San Francisco, CA. Available from
http://www.ppic.org/content/pubs/jtf/JTF_FuturePopulation)TF.pdfi.

Reiter ME, Elliott N, Veloz S, Jongsomijit D, Hickey CM, Merrifield M, Reynolds MD. 2015. Spatio-
temporal patterns of open surface water in the Central Valley of California 2000-2011: drought,
land cover, and waterbirds. JAWRA Journal of the American Water Resources Association
51:1722-1738.

Running SW, Nemani RR, Heinsch FA, Zhao M, Reeves M, Hashimoto H. 2004. A continuous satellite-
derived measure of global terrestrial primary production. BioScience 54:547-560.

22



Central Valley Landscape Conservation Project

Climate Change Vulnerability Assessment: Wetland Obligate Plants

Seavy NE, Gardali T, Golet GH, Griggs FT, Howell CA, Kelsey R, Small SL, Viers JH, Weigand JF. 2009. Why
climate change makes riparian restoration more important than ever: recommendations for
practice and research. Ecological Restoration 27:330-338.

Silveira JG. 2000. Vernal pools and relict duneland at Arena Plains. Fremontia 27:38-47.

Stromberg JC, Lite SJ, Dixon MD. 2010. Effects of stream flow patterns on riparian vegetation of a
semiarid river: implications for a changing climate. River Research and Applications 26:712-729.

Stromberg MR, D’Antonio CM, Young TP, Wirka J, Kephart PR. 2007. California grassland restoration.
Pages 254-280 in M. R. Stromberg, J. D. Corbin, and C. M. D’Antonio, editors. California
grasslands: ecology and management. University of California Press, Berkeley and Los Angeles,
CA. Available from http://tpyoung.ucdavis.edu/publications/2007Stromberg.pdf.

Sugihara NG. 2006. Fire in California’s ecosystems. University of California Press.

Tanaka SK, Zhu T, Lund JR, Howitt RE, Jenkins MW, Pulido MA, Tauber M, Ritzema RS, Ferreira IC. 2006.
Climate warming and water management adaptation for California. Climatic Change 76:361—
387.

Thorne JH, Boynton RM, Flint LE, Flint AL. 2015. The magnitude and spatial patterns of historical and
future hydrologic change in California’ s watersheds. Ecosphere 6:1-30.

Thorne JH, Boynton RM, Holguin AJ, Stewart JAE, Bjorkman J. 2016. A climate change vulnerability
assessment of California’s terrestrial vegetation. California Department of Fish and Wildlife
(CDFW), Sacramento, CA. Available from
https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=116208&inline.

Thorp RW, Leong JM. 1998. Specialist bee pollinators of showy vernal pool plants. Pages 169-179 in C.
W. Witham, E. T. Bauder, D. Belk, W. R. Ferren Jr., and R. Ornduff, editors. Ecology, conservation
and management of vernal pool ecosystems - proceedings from a 1996 conference. California
Native Plant Society, Sacramento, CA.

Toreti A, Naveau P, Zampieri M, Schindler A, Scoccimarro E, Xoplaki E, Dijkstra HA, Gualdi S, Luterbacher
J. 2013. Projections of global changes in precipitation extremes from Coupled Model
Intercomparison Project Phase 5 models. Geophysical Research Letters 40:4887-4892.

U.S. Fish and Wildlife Service. 2005. Recovery plan for vernal pool ecosystems of California and southern
Oregon. U.S. Fish and Wildlife Service, Region 1, Portland, OR. Available from
http://www.fws.gov/sacramento/ES/Recovery-Planning/Vernal-Pool/es_recovery vernal-pool-
recovery.htm.

Vallentine JF. 1989. Range development and improvements, 3rd edition. Academic Press, San Diego, CA.

Van de Water K, North M. 2011. Stand structure, fuel loads, and fire behavior in riparian and upland
forests, Sierra Nevada Mountains, USA; a comparison of current and reconstructed conditions.
Forest Ecology and Management 262:215-228.

Vose J, Clark JS, Luce C, Patel-Weynand T eds ; 2016. Effects of drought on forests and rangelands in the
United States: a comprehensive science synthesis. Page 289. U.S. Department of Agriculture,
Forest Service, Washington Office, Washington, D.C. Available from
http://www.treesearch.fs.fed.us/pubs/50261 (accessed May 2, 2016).

Wahid A, Gelani S, Ashraf M, Foolad MR. 2007. Heat tolerance in plants: An overview. Environmental
and Experimental Botany 61:199-223.

Wanless HR, Parkinson RW, Tedesco LP. 1994. Sea level control on stability of Everglades wetlands.
Pages 199-223 in S. Davis and J. C. Ogden, editors. Everglades: the ecosystem and its
restoration. St. Lucie Press, Boca Raton, Florida.

Williams AP, Seager R, Abatzoglou JT, Cook Bl, Smerdon JE, Cook ER. 2015. Contribution of
anthropogenic warming to California drought during 2012-2014. Geophysical Research Letters in
press:1-10.

23



Central Valley Landscape Conservation Project

Climate Change Vulnerability Assessment: Wetland Obligate Plants

Windham-Mpyers L et al. 2014. Mercury cycling in agricultural and managed wetlands: A synthesis of
methylmercury production, hydrologic export, and bioaccumulation from an integrated field
study. Science of The Total Environment 484:221-231.

Yih K, Boucher DH, Vandermeer JH, Zamora N. 1991. Recovery of the Rain Forest of Southeastern
Nicaragua After Destruction by Hurrican Joan. Biotropica 23:106-113.

Zedler PH. 2003. Vernal pools and the concept of “isolated wetlands.” Wetlands 23:597-607.

Zektser S, Loaiciga HA, Wolf JT. 2004. Environmental impacts of groundwater overdraft: selected case
studies in the southwestern United States. Environmental Geology 47:396-404.

! Expert opinion, Central Valley Landscape Conservation Project Vulnerability Assessment Workshop,
Oct. 8-9, 2015.

24



	Introduction
	Description of Priority Natural Resource
	Vulnerability Assessment Methodology

	Vulnerability Assessment Details
	Climate Factors
	Drought
	Precipitation (amount)
	Precipitation (timing)
	Soil moisture
	Air temperature
	Water temperature
	Heat waves

	Non-Climate Factors
	Dams, levees, & water diversions
	Nutrient loading
	Agricultural & rangeland practices
	Urban/suburban development
	Groundwater overdraft
	Hunting
	Pollutions & poisons
	Land use change

	Disturbance Regimes
	Flooding
	Wildfire
	Wind
	Grazing

	Dependency on habitat and/or other species
	Adaptive Capacity
	Extent, status, and dispersal ability
	Landscape permeability
	Resistance and recovery
	Species group diversity
	Other Factors
	Population growth
	Infrastructure, labor, and funding for adding water to wetlands



	Management potential
	Value to people
	Support for conservation
	Likelihood of converting land to support species group

	Literature Cited

