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Vernal Pools 

Northern California Climate Change Vulnerability Assessment Summary 

Habitat Description 

Vernal pools are ephemeral wetlands that form in shallow depressions underlain by an impermeable 
underground layer (e.g., clay), and may occur singly or in larger wetland complexes. They are 
characterized by flooding due to winter and spring precipitation, and then slow drying that results in 
complete desiccation by late summer (Keeley & Zedler 1998; Zedler 2003). Because vernal pools are 
isolated from ground and surface water sources, they are entirely dependent on precipitation (Keeley 
& Zedler 1998). Vegetation assemblages are dominated by vernal pool specialists that are adapted to 
annual cycles of wetting and drying (Keeley & Zedler 1998; Barbour et al. 2007), and species 
distribution varies along localized environmental gradients that influence inundation period and 
maximum pool depth (Gosejohan et al. 2017). Within the study area, vernal pools are most prevalent 
within grassland habitats at low elevations in the Sacramento Valley, but they also occur in Mendocino 
and Lake Counties (Keeley & Zedler 1998). 

The relative vulnerability of vernal pools in the northern California study area was evaluated as 
moderate-high by regional experts (high confidence in evaluation).1 

 

Sensitivity and Exposure 

Vernal pools were evaluated by regional experts as having high overall sensitivity (high confidence in 
evaluation) and moderate-high overall future exposure (moderate confidence) to climate and climate-
driven factors, changes in disturbance regimes, and non-climate stressors. 

Climate stressors and disturbance regimes 

Vernal pools are sensitive to climate stressors that alter hydrology, impacting vernal pool size, 
persistence, and plant composition. 

• Warmer air temperatures increase evapotranspiration and thus are likely to contribute to 
shortened hydroperiods, particularly if precipitation does not increase as well (Montrone et al. 
2019). Many vernal pool species also rely on environmental cues, such as temperature, for 
germination/emergence (Keeley 1988; Bliss & Zedler 1997), and many flowering annuals are 
dependent on specialist pollinators (Thorp & Leong 1998). Climate change may lead to the 
decoupling of plant phenologies and pollinator migrations and/or life cycles, potentially 
reducing seed set and successful recruitment in these species (Memmott et al. 2007). 

• Changes in precipitation amount and timing (i.e., shorter, more intense wet seasons, longer 
dry seasons, and higher interannual variability) and increased drought are likely to alter the 
timing and length of pool inundation (Bauder 2005; Pyke & Marty 2005; Pyke 2005; Montrone 
et al. 2019). Although vernal pool specialists are well-adapted to alternating periods of flooding 
and desiccation, changes that inhibit germination, growth, and/or reproduction may result in 
altered species composition within these ecosystems (Montrone et al. 2019). More severe 
and/or prolonged droughts may result in pools not forming at all during some years, allowing 

 
1 Vulnerability scores were provided by Nathaniel Seavy (Point Blue Conservation Science), and peer review for this 
document was provided by Kyle Merriam (U.S. Forest Service). 
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encroachment by upland plant species that are no longer excluded by the period of winter 
inundation (Keeley & Zedler 1998; Bauder 2005). 

• Wildfire and other disturbances are infrequent in vernal pool ecosystems, which rely primarily 
on specific soil conditions and stable hydrologic patterns for persistence (Keeley & Zedler 1998). 

Non-climate stressors 

Non-climate stressors can exacerbate changes in climate factors by degrading the structure and 
function of vernal pool ecosystems, primarily through direct loss (i.e., due to land-use conversion) and 
changes in hydrology. 

• Land-use conversion to agriculture and development since the mid-1800s has resulted in the 
loss of many vernal pools in the region, particularly in the northern Sacramento Valley (Holland 
1998; Keeley & Zedler 1998; USFWS 2005). Habitat loss has increased the risk of extinction for 
vernal pool specialists (Bauder 2005). Pollution may also impact vernal pool ecosystems 
through the runoff of excess nutrients from urban and agricultural areas, which can lead to pool 
eutrophication and further reduce habitat suitability for vernal pool species (Pyke 2004). 

• Overgrazing by livestock in and around vernal pools can cause direct physical damage (e.g., 
trampling of vegetation, soil compaction, more areas of bare ground) and changes in flora and 
fauna community composition, growth, and reproduction (Marty 2005; Pyke & Marty 2005; 
Merriam et al. 2016; Bovee et al. 2018). High-intensity grazing appears to have the greatest 
negative impacts early in the season, when soils are moist and plants are in the early stages of 
their life cycle (Merriam et al. 2016). However, multiple studies have demonstrated that well-
managed grazing can help maintain biodiversity and hydrologic regimes in vernal pool 
ecosystems (Marty 2005, 2015; Merriam et al. 2016; Bovee et al. 2018). 

• Invasive plant species are generally excluded from hydrologically-intact vernal pools, as the 
inundation period is too long to allow establishment and survival of these species (Gerhardt & 
Collinge 2007). However, drier conditions due to climate change may increase the vulnerability 
of these systems to invasive species that are no longer excluded by long inundation periods 
(Bartolome et al. 2014). Invasion of vernal pools by annual grasses can lead to rapid litter 
accumulation and is associated with reduced native species cover and richness, shorter 
inundation periods, and decreased water depth (Marty 2005; Pyke & Marty 2005; Gerhardt & 
Collinge 2007; Faist & Beals 2018). 

 

Adaptive Capacity 

Vernal pools were evaluated by regional experts as having moderate overall adaptive capacity (high 
confidence in evaluation). 

Habitat extent, integrity, continuity, and permeability 

The presence of vernal pools within the study region has declined dramatically, primarily due to land-
use conversion to agriculture and urban development in and around the Sacramento Valley (Holland 
1998; USFWS 2005). State-wide, vernal pool habitat may have declined by up to 90% since Euro-
American settlement in the mid-1800s (Holland 1998).  

Although they are fairly isolated systems by definition, hydrologic connectivity groundwater or surface 
flow can occur during the wet season (Zedler 2003). Infrastructure associated with agriculture or 
development (e.g., roads) have altered patterns of runoff and fragmented vernal pool complexes, 
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further degrading these systems and reducing habitat availability for many already-rare plant and 
animal specialists (USFWS 2005). 

Habitat diversity 

Because vernal pools form only where a specific suite of conditions are met (i.e., shallow depression 
underlain by impermeable substrate, lack of hydrologic connectivity), physical and topographical 
diversity within this habitat type is relatively low compared with other more widespread ecosystems. 
However, the relatively short hydroperiod that characterizes vernal pools supports high biodiversity 
and unique species assemblages comprised of specialized plants, invertebrates, and amphibians that 
are adapted to annual cycles of inundation and desiccation (Keeley & Zedler 1998; Barbour et al. 2007). 
These include showy flowering annuals such as goldfields (Lasthenia fremontii) and downingias 
(Downingia spp.; Thorp & Leong 1998) and many endemic and rare species, such as slender Orcutt 
grass (Orcuttia tenuis), and fairy shrimp (Branchinecta lynchi; USFWS 2005). The relatively short 
hydroperiods of vernal pools tend to exclude predatory fish and invertebrates due to their longer life 
cycles (De Meester et al. 2005), so vernal pools are frequently utilized by amphibians such as the 
western spadefoot toad (Spea hammondii) and the pacific chorus frog (Pseudacris regilla) for breeding 
(Keeler-Wolf et al. 1998).2 

Resistance and recovery 

Because vernal pools are completely dependent on precipitation for their water supply, they have low 
resistance to precipitation declines and warming temperatures that would significantly increase 
evapotranspiration (Montrone et al. 2019). However, vernal pool specialists are well-adapted to high 
interannual variability in precipitation, and recovery is relatively rapid following dry years and/or the 
restoration of degraded systems, particularly among native annual plants (Marty 2015; Merriam et al. 
2016; Bovee et al. 2018). 

Management potential 

Vernal pools have some societal support for management through state and federal programs that 
recognize and protect rare plants and wildlife. In 2005, the U.S. Fish and Wildlife Service finalized a 
recovery plan for vernal pool ecosystems of California and southern Oregon, which covers 33 plant and 
animal species of interest that are endemic to vernal pools (USFWS 2005). Fifteen of these are also 
listed as threatened or endangered under the California Endangered Species Act (USFWS 2005). 
 
Because vernal pools are naturally small, isolated systems, they generally are managed within their 
surrounding ecosystem (e.g., mixed grasslands at lower elevations). The scientific literature primarily 
focuses on the benefits of well-managed livestock grazing at appropriate intensities (Marty 2005, 2015; 
Merriam et al. 2016; Bovee et al. 2018). Other critical considerations include precipitation patterns, 
plant productivity, timing of grazing, type of livestock, and site conditions (e.g., hydrologic degradation; 
Merriam et al. 2016). 

 

Recommended Citation 

Sims, SA, Hilberg LE, Reynier WA, Kershner JM. 2019. Vernal Pools: Northern California Climate Change 
Vulnerability Assessment Summary. Version 1.0. EcoAdapt, Bainbridge Island, WA. 

 
2 While the California tiger salamander (Ambystoma californiense) is often considered a flagship amphibian species of 
vernal pools, it does not occur within the study area for this project. 
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Further information on the Northern California Climate Adaptation Project is available on the project 
website (https://tinyurl.com/NorCalAdaptation). 
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