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ABSTRACT 

In order to effectively plan prescribed burns and prioritize mitigation for potential wildfires, 
ecologists and land managers must be informed about the predictable responses of target species 
to fire. Herpetofauna may be vulnerable to negative impacts from fire due to their relatively low 
vagility compared with other faunal groups. Coverboards arranged in grassland and mixed oak-
conifer forest habitats adjacent to seasonal ponds were surveyed for two years prior to and two 
years following the 2017 Tubb’s wildfire event at the Pepperwood Preserve in Sonoma County, 
CA, USA. Analyses of the total observed population of herpetofauna and the six most abundant 
species of herpetofauna demonstrated that (1) obligate forest-dwelling species may be at risk of 
negative impacts following wildfire and prescribed fire events, (2) forest-dwelling species with 
sufficient dispersal capabilities may seek better conditions in adjacent grassland habitats in the 
immediate post-fire years, (3) post-fire conditions in grasslands may facilitate increased 
abundance for herpetofauna species in those habitats, and (4) the abundance and diversity of this 
herpetofauna community overall is resilient in the face of a fire event that takes place during the 
dry summer season, potentially lasting from June to October. Prescribed burns in grasslands 
between the months of June and October are therefore least likely to result in negative impacts to 
herpetofauna, and management interventions intending to create buffers against wildfire events 
during this season may be of reduced priority, particularly in grassland habitats.  
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INTRODUCTION 

Wildfires are progressively becoming more intense and common as a result of climate 

change (Westerling et al 2006, Westerling et al 2011, Wang et al 2015). As a result of the 

increased fire concerns, the use of prescribed burns is becoming an increasingly important land 

management tool to decrease the intensity and severity of wildfires (Agee & Skinner 2005). 

Prescribed fire is the process of igniting smaller, controlled burns to diminish fuel for potential 

wildfires; it can also be used to effectively manage and restore ecosystems (Strahan et al 2015). 

As such, prescribed fire has been used to manage landscapes for thousands of years and has 

shaped the evolution of native species and interspecies relationships (Lightfoot & Lopez 2013, 

Anderson 2005). 

In order to effectively plan prescribed burns and prioritize mitigation for potential 

wildfires, ecologists and land managers must be informed about the predictable responses of 

target species to fire. Vegetation types and specific habitat structures inhabited by populations 

that are particularly vulnerable to fire impacts may be buffered by preemptive burning or 

thinning of surrounding areas, and managers need to understand which species are most at risk 

from wildfires in order to prioritize which habitats to buffer. In addition, land managers must 

determine which habitats and seasons are most efficacious and least damaging to vulnerable 

species for prescribed burns and how these activities may impact the ecological integrity of these 

habitats.  Understanding the impacts of burns may be particularly critical for species that are 

generally unable to avoid or are potentially highly susceptible to habitat alternations resulting 

from fire events. 

Herpetofauna species are potentially among the most vulnerable species to fire 

disturbance based on their relatively low motility and consequent dispersal limitations. These 
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limitations may vary by species and season; slender salamanders (Batrachoseps attenuatus) have 

evolutionarily reduced legs that limit their dispersal within a roughly 10m range at all times 

(Hendrickson 1954). Even relatively motile species such as Western fence lizards (Scleroporous 

occidentalis) are subject to reduced motility in cold weather due to their ectothermic metabolism. 

Given their vulnerability to disturbance, it is particularly important to create long-term data sets, 

particularly of amphibian populations (Blaustein et al 1994).  

Previous studies investigating the responses of herpetofauna to fire have demonstrated 

wide variation based on individual species and study system (Table 1). A 1999 review of existing 

literature concluded that fire has little direct impact on herpetofauna, but can provide indirect 

benefits to herpetofauna populations based on the facilitation of beneficial habitat (Russell et al 

1999). A number of subsequent studies have concluded that herpetofauna populations, in 

general, demonstrate negligible impacts from fire (Kennedy et al 2012, Westgate et al 2012, 

Keyser et al 2004, Ford et al 1999). Other studies have observed positive impacts to reptiles 

concurrent with no significant impacts to amphibians (Hromada et al 2018, Moseley et al 2003), 

positive impacts to reptiles concurrent with negative impacts to amphibians (Matthews et al 

2010), and negative impact to reptiles with variable impacts to amphibians based on additional 

environmental factors (Larson 2014, Westgate 2018).  

Fire in wildlands is increasingly common in Northern California, particularly during the 

late summer and fall. Oak woodlands and oak savannahs are valuable habitat types that support 

high biodiversity, and appropriate management of remaining oak stands is a high priority among 

agencies and land managers due to their historical degradation in California (McCreary 2004). 

Oak woodlands are popular targets for prescribed fires for multiple reasons, including to preserve 

the dominance of the oaks against succession from less fire-resilient tree species, to maintain oak 
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acorn production for ethnobotanical use, and management of wildland fuel load (reference). 

California grasslands are similarly valuable and increasingly rare habitats in which prescribed 

fire can be a vital tool for fuel management and part of the effective control of invasive annual 

broadleaf and grass species (Vogl 1979, Ditomaso et al 2006).  

In this study we attempt to reinforce and expand the understanding of the seasonal activity 

patterns and habitat use of herpetofauna species in grasslands and oak woodlands in association 

with pond habitats. We predicted that the above-ground activity of most herpetofauna species 

would decrease to minimal levels by early summer and remain low until the advent of winter 

rains, and therefore detrimental impacts of an October fire on these populations would be 

negligible. Any detrimental impacts of the Tubb’s Fire that did occur were expected to be most 

significant in species that preferentially inhabit forest habitats due to the reduced habitat 

structure in the immediate post-fire years, which can have significant impacts on animal 

dynamics (Arthur et al 2012). By establishing predictable seasonal activity patterns and assessing 

the population-level impacts of an October fire event on herpetofauna abundance and diversity in 

oak woodlands and adjacent grasslands, we hope to provide practical recommendations to land 

managers for planning prescribed burns and prioritizing habitats for management interventions 

intended to buffer specific areas against wildfire events.  
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METHODS 

Study Site 

We utilized a long-term coverboard study at two sites located within the Pepperwood 

Preserve, a 3,200-acre nature preserve and research facility located in eastern Sonoma County, 

California, USA (Fig 1). Sonoma County features a Mediterranean climate, characterized in part 

by a dry season that typically lasts from April to October. The property is comprised of a diverse 

mosaic of vegetation types including grasslands, oak woodlands and savannahs, mixed hardwood 

and coast redwood forests, mixed and serpentine chaparral, and reaches of riparian woodland. 

There are at least six standing ponds on the property, all of which vary in waterline between the 

wet winter and spring seasons and the dry summer and fall seasons. Pepperwood Preserve is 

inhabited by thirty confirmed species of herpetofauna, including thirteen species of amphibians 

and seventeen species of lepidosaurs. 

Approximately 85% of Pepperwood Preserve burned in the Tubb’s Fire beginning the 

night of October 8, 2017 and continuing over the subsequent few days (Fig 2). Burn severity 

varied across the preserve landscape, with the majority of high-intensity fire localized in the 

southeast corner of the property; most of the property was subject to low- to moderate-intensity 

fire (Ackerly et al 2019).  

Prior to the fire, in March 2014, seventy-two coverboards were installed in association 

with two ponds at the Pepperwood Preserve in order to quantify abundance and diversity of 

herpetofauna populations during their most active seasons (Wittman et al 2019). The two study 

sites, Turtle Pond and Double Pond, are characterized by adjacent habitats that include open 

grassland, mixed oak-conifer forest, and a distinct band of transitional habitat separating these 

two vegetation types. At each pond site, thirty-six boards were divided evenly between grassland 
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and forest habitats. In each habitat, coverboards are arranged in three twenty-five meter transects 

originating at the estimated annual water level and extending away from the pond (Fig 3). Each 

board is two feet by four feet and constructed of ½ inch thick untreated plywood (Grant et al., 

1992; Tietje and Vreeland, 1997). The ground beneath each board was cleared of vegetation and 

made even by use of hand tools at the time of installation. The distance of each coverboard from 

the wet-season waterline of its associated pond was measured using meter tape following 

installation.  

Following wildfire impacts in October 2017, damaged or destroyed coverboards were 

replaced at least two weeks prior to the beginning of the sampling season. The Tubbs Fire 

consumed a substantial amount of vegetation and groundcover at the study sites; immediately 

following the fire, the ground was observed to be comparatively barren of leaf litter, thatch, and 

woody debris in both habitats. According to the soil burn severity data generated by Pepperwood 

Preserve, both study sites were located in areas that experienced low to moderate intensity 

burning during the wildfire.   

Beginning in December 2015 all coverboards were surveyed from December, after 

establishment of the rainy season, through July (with each sample year identified by the calendar 

year in which sampling ended). Each coverboard was lifted to observe any organisms sheltering 

beneath, and associated area-constrained searches were conducted along each transect and within 

a five-meter radius of each coverboard. All amphibian and lepidosaur individuals observed were 

recorded by species and according to the unique identifier of the associated coverboard; species 

identifications were verified using iNaturalist (Wittman et al 2019). The number of survey days 

varied by sample year; surveys were conducted weekly in sample year 2016, and the protocol 

shifted to biweekly surveys in the subsequent years to accommodate expert observer availability. 
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Statistical Analysis 

General linear mixed models were constructed using SAS JMP Pro 15 statistical 

software. Each model was built by reverse stepwise selection. For significant results of nominal 

variables with more than two response categories, such as month, least square means Student’s t-

test was used for post-hoc analysis. 

The month during which each observation was made was used as a rough estimate of the 

phenological patterns of both total herpetofauna and species-level observation rates. The 

biologically relevant abiotic variables are mean maximum temperature for the two days 

preceding each survey and the total accumulated precipitation over the seven days preceding 

each survey. Temperature and precipitation measurements were sourced and calculated from the 

Local Climatological Data (LCD) summaries published by the National Oceanic and 

Atmospheric Agency (station name: SANTA ROSA 6.7 WSW, CA US).  

Response variables based on observation rates included observations of total 

herpetofauna as well as observations of each of six species with sufficient sample size. Data for 

all observed species were included in total herpetofauna analyses, but species-level analyses 

were only conducted for groups with a minimum sample size of 200 observations, as power 

analyses determined that species for which there were fewer observations were ineligible for 

robust statistical analyses. Prior to construction of statistical models, response data sets were 

transformed by log(x+1) to avoid skew from the large number of zero data. As our sampling 

methods included no contact with organisms, individual organisms are likely to have been 

resampled on subsequent surveys; these repeated measures were accounted for by associating 

observations with individual unique board identification, and these identifying IDs were used as 

a random variable in observation rate models. Burn treatment (pre-burn or post-burn), mean 
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maximum temperature over the two days preceding the survey, total precipitation over the seven 

days preceding the survey, month, distance of the coverboard from the wet season water line of 

the associated pond, pond site (Double Pond or Turtle Pond), habitat (grassland or forest), 

sample year nested in burn treatment (to control for additional variation in conditions between 

years), the interaction effect between burn treatment and habitat, and the interaction effect 

between burn treatment and month were included in initial models as fixed effects.  

Diversity metrics were calculated based on sampling groups comprised of all coverboards 

within a single habitat type at one pond site; these groupings are referred to as “Sample ID.” We 

calculated Shannon’s Index (H’) and species richness (s) for each Sample ID on each survey day. 

Models for diversity and richness included Sample ID as a random variable. Burn treatment (pre-

burn or post-burn), mean temperature over the two days prior to the survey, total precipitation 

over the seven days prior to the survey, month, and sample year nested in burn treatment (to 

control for additional variation in conditions between years) were included as fixed effects.  .  
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RESULTS 

We collected a total of 3506 observations of herpetofauna across 16 species from 2015-

2019 (Table 1). Six species were observed at least 200 times: Batrachoseps attenuatus 

(California slender salamander), Taricha torosa (California newt), Pseudacris sierra (Pacific 

chorus frog), Plestiodon skiltonianus (Western skink), Sceloporus occidentalis (Western fence 

lizard), and Elgaria multicarinata (Southern alligator lizard).  

Total herpetofauna observations and diversity metrics varied significantly with respect to 

a number of independent variables, notably not including burn treatment (pre- or post-fire) 

(Table 2).  The six species analyzed also varied with respect to significance of response to 

independent variables according to their unique life history traits as discussed in the following 

sections (Table 3). Including sample year (nested in burn treatment) and pond site as independent 

variables to control for additional environmental factors proved to be useful, as all analyzed 

groups varied significantly with respect to sample year and most groups varied significantly with 

respect to pond site. 

 

Phenological Patterns 

The total observed herpetofauna community demonstrated a statistically significant 

pattern of mean observations by month when controlling for other significant variables 

(F7,5741=54.9691, p<0.0001). The mean observation rate was the highest in January and February 

and lowest in June and July (Fig 4A). Similar but distinct significant patterns were observed in 

two diversity metrics for the total observed community: Shannon diversity index 

(F7,308.9=17.6976, p<0.0001) (Fig 4B) and mean species richness (F7,309=18.0563, p<0.0001) (Fig 
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4C). For these diversity metrics, the lowest rates were also seen in June and July but the highest 

rates were observed in February, March, and April. 

There was a unique, significant phenological pattern of observation for each of the six 

species analyzed, although month was a stronger predictor of observation for some species than 

others (Fig 5). Month was a very strong predictor of observation for P. sierra (F7,5743=106.2608, 

p<0.0001); observations of this species peaked in December and decreased to their lowest level 

by May (Fig 5A). Month was a fairly strong predictor of observation for B. attenuatus 

(F7,5741=35.2437, p<0.0001), T. torosa (F7,5750=35.1032, p<0.0001), and P. skiltonianus 

(F7,5743=31.1311, p<0.0001). B. attenuatus observations peaked in January and reached their 

lowest level by April, continuing at that low rate through July (Fig 5B). The peak of T.torosa 

observations was achieved by December and continued through January, with the lowest level of 

observation beginning in April and continuing through July (Fig 5C). P. skiltonianus 

observations occurred at their lowest rate in December and January, increased to a peak in April, 

and decreased again to their baseline by June and continued at that level through July (Fig 5D).  

Month was a significant but relatively weak predictor of observation for S. occidentalis 

(F7,5741=8.6781, p<0.0001) and E. multicarinata (F7,5742=5.8759, p<0.0001). S. occidentalis 

observations were relatively frequent from February to May and somewhat less frequent in the 

preceding months (December and January) and subsequent months (June and July)(Fig 5E). 

Observations of E. multicarinata were most frequent in February and least frequent in June and 

July, with intermediate frequency of observations recorded during other months of the sample 

season (Fig 5F). 
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Habitat Preferences 

Organisms in the total observed herpetofauna community were significantly most likely 

to be observed in the grassland habitat (F1,68.24=4.1094, p=0.0466). For three of the six species 

analyzed, observation of organisms was statistically more likely to occur in grasslands compared 

to forest habitats when controlling for other significant variables, including: P. skiltonianus 

(F1,68.28=27.1690, p<0.0001), P. sierra (F1,69.95=19.8971, p<0.0001), and S. occidentalis 

(F1,69.18=14.7178, p=0.0003). B. attenuatus was significantly more likely to be observed in the 

forest (F1,68.36=12.7574, p=0.0007), and E. multicarinata demonstrated a similar but marginally 

significant tendency (F1,71.18=3.5676, p=0.0630). T. torosa was equally likely to be observed in 

either of the two habitats.  

 

Wildfire Impacts 

The total observed herpetofauna community did not demonstrate a significant change in 

number of observations, mean diversity (H’), or mean species richness following the Tubb’s 

wildfire event, but five of the six species examined showed statistically significant changes in 

number of observations following the fire (Fig 6). E. multicarinata (F1,5742=38.5367, p<0.0001), 

S. occidentalis (F1,5741=10.7721, p=0.0010), and P. sierra (F1,5743=7.2992, p=0.0069) all 

demonstrated increased number of observations in the two years following the fire. B. attenuatus 

demonstrated decreased number of observations in the two years following the fire 

(F1,5741=8.8856, p=0.0029); T. torosa demonstrated a similar but marginal decreasing trend 

(F1,5750=3.6612, p=0.0557). P. skiltonianus showed no significant change in number of 

observations following the fire.  

When controlling for other variables, including overall habitat preference and the impacts 

of fire on population size, habitat preference was significantly impacted post-fire for E. 
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multicarinata (F1,5742=8.2244, p=0.0041). Prior to the Tubb’s Fire E. multicarinata was 

significantly more likely to be observed in the forests compared to the grasslands, but following 

the fire the rates of observation in both habitats increased to a statistically similar level (Fig 7).  

The phenological patterns of the total observed community and five of the six species 

analyzed demonstrated some small change following the fire (Fig 8). The interaction effect of 

fire and month predicted observations of the total community (F7,5741=3.4506, p=0.0011), P. 

sierra (F7,5743=6.5200, p<0.0001), E. multicarinata (F7,5742=4.3266, p<0.0001), P. skiltonianus 

(F7,5743=2.8570, p=0.0056), B. attenuatus (F7,5741=2.6389, p=0.0101), and S. occidentalis 

(F7,5741=2.3294, p=0.0226). 

 

Abiotic Variables 

Total herpetofauna community observations varied significantly in response to the total 

precipitation over the seven days preceding each survey (F1,5741=21.3666, p<0.0001), the mean 

maximum temperature over the two days preceding each survey (F1,5741=4.4136, p=0.0357), and 

distance from the wet season water line of the associated pond (F1,69.63=6.1208, p=0.0158). 

Observations of B. attenuatus also varied significantly in response to these same abiotic 

variables: total precipitation over the preceding seven days (F1,5741=30.7821, p<0.0001), mean 

maximum temperature over the preceding two days (F1,5741=9.0398, p=0.0027), and distance 

from the pond (F1,69.89=5.2497, p=0.0250).  

Other species that demonstrated significant variation in response to abiotic variables 

include P. skiltonianus, which were less likely to be observed with increasing distance from the 

pond (F1,69.23=9.2610, p=0.0033), and S. occidentalis, which were marginally more likely to be 
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observed as the mean maximum temperature over the preceding two days increased 

(F1,5741=3.7964, p=0.0514). Additional variation in conditions between years is accounted for by 

nesting sample year in burn treatment; this variable was a significant predictor of observations 

for the total herpetofauna community metrics (Table 2) and the number of observations for each 

species analyzed (Table 3). 
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DISCUSSION 

The results of this study expand our understanding of herpetofauna communities 

associated with oak woodland and oak savannah habitats and may assist ecologists and land 

managers in prioritizing and planning wildfire mitigation interventions. These data provide a 

baseline understanding of the dominant species’ phenological behavioral patterns, habitat 

preferences, and responses to abiotic conditions. This understanding, combined with an 

examination of the total community and species-specific responses to an October wildfire, 

indicates seasonal timeframes in which fires in oak woodlands and grasslands are least likely to 

harm herpetofauna communities and highlights population-level responses to fall fires.  

For this study, mean observation by month or year may serve as a proxy for relative 

abundance of organisms active aboveground. It may therefore indicate conditions amenable for 

aboveground activity for organisms that take refuge in underground habitats during less 

amenable seasonal conditions; it may also reflect relative abundance of the relevant species in 

the study area (Noon et al 2011). Coverboard surveys are commonly used to assess herpetofauna 

populations; the consistency of this method makes it ideal for long-term studies which may 

employ multiple observers of varying experience and skill with area search (Michael et al 2019, 

Grant et al 1992). There is some risk that coverboard usage by herpetofauna may vary as 

surrounding habitat structure changes over time and coverboards remain as a consistent refuge 

for these thigmotaxic organisms, so conclusions regarding population size and activity must be 

made with caution. 

The differing character of these two specific pond communities may also be of use in 

future research at these study sites. Viewing these sites on the map (Fig. 3), Double Pond’s 

circumference is surrounded by a larger proportion of grassland; a relatively small channel of 
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open habitat connects Turtle Pond to the adjacent grassland habitat. Conversely, Turtle Pond is 

directly adjacent to a larger proportion of forest habitat. Turtle Pond, which demonstrated a 

larger population of observed herpetofauna overall, was home to particularly large populations of 

B. attenuatus and T. torosa. The greater preponderance of forest habitat at Turtle Pond might 

naturally foster a larger population of B. attenuatus, a preferential forest-dweller (see: Habitat 

Preferences). Variation in populations of T. torosa might be driven by availability of upland 

habitats as well as breeding pond suitability, so additional data on the surrounding area would be 

needed to determine what facilitated greater abundance of that species in Turtle Pond. Double 

Pond demonstrated significantly larger populations of P. skiltonianus and E. multicarinata. The 

greater direct access to grassland from Double Pond may facilitate greater abundance of P. 

skiltonianus, which prefers both grassland habitat (see: Habitat Preferences) and closer proximity 

to water (see: Phenological Patterns). The comparatively even proportion of grassland and forest 

habitats adjacent to Double Pond may have worked in favor of E. multicarinata in the post-fire 

years, since ease of travel between two habitats appears to have been crucial during that period 

for that species (see Wildfire Impacts). P. sierra and S. occidentalis are ubiquitous species that 

were similarly abundant in association with these two pond sites.  

 

Phenological Patterns  

The ability to predict phenological behavior patterns of wildlife can be useful in the study 

of those organisms and in the examination of the impacts of climate change, including tracking 

how shifts in seasonal climate patterns may lead to phenological mismatches between 

ecologically interdependent species (Cohen et al 2018, Storey and Storey 2012). The observed 

herpetofauna population as a whole demonstrated significant variation by month, both in terms 

of total rate of observations and diversity metrics. Observation rates were mid-range in 
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December, indicating that aboveground activity for some observed species is initiated prior to the 

beginning of our survey season; further research may benefit from initiating surveys in 

November or October, with the onset of cooler temperatures or precipitation.  

The overall community phenological patterns are indicative of the diverse life history 

traits of the herpetofauna community as a whole. All six species analyzed demonstrated a 

distinct, statistically significant phenological pattern of observable presence in the environment, 

indicating each species’ most active season according to its life history traits. The correlations 

between rates of observation and some abiotic environmental variables demonstrate biologically 

predictable patterns associated with phenology for certain species. Moisture dependent-

amphibians emerged early in the wet season for foraging and reproduction activities 

aboveground, returning to underground shelter by late spring when arid conditions returned. The 

three amphibian species (B. attenuatus, T. torosa, and P. sierra) were demonstrably most active 

from December to March; these active months coincided with the wet season in accordance with 

the physiological dependence on moisture associated with these amphibians (Evelyn 2016, Licht 

and Brown 1967, Thorson and Svihla 1943). Lepidosaurs delayed their emergence until 

temperatures increased in spring and likely remained aboveground somewhat longer based on 

their relative resistance to desiccation. February through April appears to represent a seasonal 

transition in which amphibians had not yet retreated underground and lepidosaurs began to 

emerge. Altogether it appears that the smallest number and least diverse collection of 

herpetofauna were active aboveground in June and July in these study areas; it should be noted 

that abiotic conditions in August and September remain hot and dry and patterns of herpetofauna 

activity would be expected to remain similar to those found in July. 
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B. attenuatus, the most abundant of our observed species, demonstrated behavioral 

responses to all measured abiotic factors. As plethodontid salamandrids, their dependence on 

moist conditions for exposure in the environment was demonstrated by a powerful correlation 

between recent precipitation and rate of observation. In a related phenomenon, increased recent 

temperature showed an opposite relationship with rate of B. attenuatus observation; warmer 

conditions often result in drier microhabitats for these duff dwellers, who avoid desiccation in 

these conditions by retreating underneath the leaf litter and soil. B. attenuatus were also 

significantly more likely to be found as the distance to the pond decreased, demonstrating again 

that consistently moist conditions are preferred by these amphibians.  

Other species that showed responses to abiotic factors were S. occidentalis and P. 

skiltonianus. S. occidentalis demonstrated increased rate of observation with increased 

temperature, an appropriate correlation for exotherms with limited physiological risk of 

desiccation. P. skiltonianus demonstrated increased presence with decreased distance from the 

pond; along with this species’ limited phenological window of aboveground activity, this may 

indicate that skinks are relatively vulnerable to desiccation from increased distance from a large 

water source and increased ambient temperatures in late spring.  

 Although early spring appears to provide the most ideal conditions for aboveground 

activity for all three observed lizard species, they differ somewhat in their resilience to seasonal 

environmental conditions. For P. skiltonianus, seasonal timing was a particularly powerful 

predictor of their presence in the environment. Observations of this lizard species peaked 

distinctly in April and dropped off sharply; they appeared virtually dormant by June. This may 

indicate that P. skiltonianus is relatively vulnerable to low temperatures early in the season and 

threat of dessication late in the season, and are therefore active aboveground for a narrow 
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window of time between February and May. S. occidentalis also appears to have remained 

underground until February, but once sunlight availability increased S. occidentalis emerged and 

remained aboveground through July. S. occidentalis practices effective behavioral thermal 

regulation that allows it to remain active into the hot summer months, but must wait until 

sunlight availability begins to increase in February before it can engage in those behaviors 

(Asbury and Adolph 2007, Adolph 1990). E. multicarinata appears resilient to ambient 

temperature extremes on both ends; this species was already active at the start of sampling 

season in December and maintained relatively consistent aboveground activity levels into July. 

E. multicarinata has previously demonstrated the capacity to remain active in thermally 

suboptimal periods and effectively thermoregulate in warmer temperatures (Kingsbury 1994).  

 

Habitat Preferences 

Preference for grassland, forest, or equal preference for either is another trait that varies 

by species and may be of use to future study and conservation of these communities. T. torosa 

did not appear to prefer either habitat. As a migratory species that visits pond sites for the 

specific purpose of reproduction, it is likely that the upland areas in which they spend their 

dormant months and the condition of the breeding pond itself is more relevant than the 

conditions of the pond-adjacent habitats through which they travel during the breeding season. 

Preferences for grassland habitat found in P. sierra, S. occidentalis, and P. skiltonianus and for 

forest habitat by B. attenuatus and E. multicarinata confirm general habitat preferences that have 

been documented previously (Stebbins and McGinnis 2012).  However, changes to habitat use 

were found to be instigated in response to fire in E. multicarinata (see below).  
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Wildfire Impacts 

A central concern in examining these data was whether the Tubb’s wildfire event had 

been detrimental to the herpetofauna community. There was no significant change in observed 

total herpetofauna abundance or diversity as a result of the fire, but these overall results absorbed 

variable species-specific changes in abundance. When the large populations of B. attenuatus 

were excluded from analysis of the total herpetofauna community, a group that includes ten 

species in addition to the six most abundant (Table 1), the group demonstrated an overall 

increase in abundance following the wildfire. Negative impacts to B. attenuatus are important to 

understand (see below), but they are not indicative of the total community response to fire; in 

fact they appear to be an exception to the general tendencies of this herpetofauna community.  

The specific post-fire conditions that supported the apparent increases in abundance in P. 

sierra, an abundant anuran species under most circumstances, and two of the lizard species, S. 

occidentalis and E. mulitcarinata, deserves further investigation. The three species in question 

may all have benefitted from parallel population increases in invertebrate prey species following 

the fire, which could have contributed to improved body condition and resulted in increased 

reproductive output. Insect population and community responses to fire are variable; there have 

been instances where widely dispersing generalist and invader insect species demonstrate 

increased abundance in intermediate (1-2 months to 12 months) post-fire habitats (Swengel 

2001). A study of geckos in southern Australia demonstrated that increased invertebrate 

abundance in post-fire habitats was correlated with improved average body condition in 

insectivorous herpetofauna; this physiological benefit was integrated into a conceptual model 

which highlighted how increased post-successional food availability may drive rapid population 

growth (Smith 2018).  
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Only one of the individual species analyzed, P. skiltonianus, appears to have been 

unaffected by the wildfire. P. skiltonianus, who demonstrated no significant population change 

following the fire, may not have been able to benefit from increased resource availability due to 

their limited seasonal window of activity. Compared with S. occidentalis and E. multicarinata, P. 

skiltonianus demonstrated aboveground activity during a short period in spring, limited between 

February and May (Fig. 5D). In the post-fire years when other species may have been benefitting 

from increased prey availability, the phenological window for skinks appears to have narrowed 

even further, with activity peaking very distinctly in the month of April (Fig. 9D). Given that the 

other lizard species demonstrated a much longer periods of aboveground activity, they had much 

greater opportunity to benefit from post-fire conditions that facilitated increases in their local 

populations.  

The fact that two species suffered decreased abundances post-fire might reflect poor 

habitat conditions in the forests. Quantitative investigation of post-fire forest habitat structures 

would be required to determine exactly how conditions changed in these post-fire forests with 

certainty, but it was observed that the woody debris and leaf litter that characterize so much of 

the habitat structure used by herpetofauna was substantially reduced after the wildfire event 

(Michelle Halbur, pers. comm), having been consumed by the fire and reduced to a thin layer or 

ash. Reduced structural complexity in post-fire habitats has previously been linked to changes in 

small mammal abundance, possibly driven by predator-prey relationships mediated by habitat 

structure (Torre and Díaz 2004); similar mechanisms may have driven apparent decreases in B. 

attenuatus and T. torosa populations following the Tubb’s Fire.  

B. attenuatus preferentially inhabit forests and are constrained to these habitats by 

extremely limited vagility. B. attenuatus moves very slowly on evolutionarily reduced legs and 
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exhibits a characteristic home range of 10m2 or less (Hendrickson 1954).  Accordingly, any 

resource or habitat structure limitations of the post-fire forest would be inescapable for 

individuals of this species. T. torosa is a migratory species that travels annually between upland 

burrows and breeding ponds; individuals of this species observed in the forests are found there 

because that is the most direct route between their upland habitats and the pond.  It would not be 

feasible for these organisms to predict habitat degradation and redirect their migratory routes in 

the post-fire years. Therefore, roughly half of these populations of T. torosa would be subject to 

threats based on reduced cover in the post-fire forest habitats.  

The fact that E. multicarinata, a preferentially forest-dwelling species, managed to avoid 

negative impacts and indeed demonstrated increased abundance following the wildfire does not 

disprove the hypothesis that post-fire forest habitats were degraded. While E. multicarinata 

strongly favored forest habitats prior to the Tubb’s wildfire event, in the immediate post-fire 

years, this species’ presence in grasslands increased substantially. In the first few years following 

a wildfire, grasses and forbs could have provided more cover than the relatively barren post-fire 

forest floor and many E. multicarinata may have moved from their customary forest habitat 

territories to the adjacent grasslands in search of cover in the years following the wildfire.  

Alternately, it is also possible that B. attenuatus or T. torosa, may have experienced 

substantial mortality during the wildfire event if individuals were located less than 10cm below 

the soil surface at the time of the event (Rengers et al 2017, Cane & Neff 2011). However, this 

latter explanation is unlikely as rainfall in 2017 did not begin prior to Tubbs wildfire event and 

would have been necessary to trigger near-surface activity of these species.   

Whatever the cause, these decreases might be of conservation concern, especially in cases 

where multiple subsequent wildfires impact the same areas, populations of these species may 
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have more difficulty recovering, and these relatively small impacts may be multiplied. The same 

is true of the small but statistically significant changes to phenological patterns demonstrated by 

the total herpetofauna community and all species analyzed (T. torosa excepted): these 

phenological shifts, although significant, are subtle.  Nevertheless, it is important to note all 

impacts of fire disturbance in a region that is experiencing increased incidence of fire, since 

accelerated rate of disturbance can have multiplicative impacts on ecological relationships and 

disrupt previously effective predictive models (Zedler et al 1983, Santos and Cheylan 2013, Kim 

and Arthur 2014).  

 

Management Considerations    

Although our analyses of fire impacts were based on the effects of a wildfire event, the 

low- to moderate fire intensity exhibited at these study sites is comparable to the intensity of a 

well-planned prescribed burn. Therefore, these results may be reasonably extended to include 

predictions of the effects of prescribed burns on these herpetofauna species in grassland and oak 

woodland habitats. According to our findings, prescribed burns conducted in these habitats from 

the month of June to, potentially, October are likely to pose minimal threats to this collection of 

herpetofauna species. Similarly, management interventions intended to create buffers against the 

threat of wildfires during these months, including mechanical removal of ladder fuels or 

strategically planned prescribed burns, may be of reduced priority for grassland habitats in 

association with pond sites, at least with respect to herpetofauna conservation in this region. 

Conversely, conservation concerns for forest-dwelling plethodontid salamanders like B. 

attenuatus may increase the priority of creating buffers against wildfires in forest habitats 

adjacent to pond sites. It may also be useful to consider post-fire habitat restoration interventions 

in these forest habitats with the objective of increasing habitat complexity for plethodontid 
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salamanders, such as adding woody debris to replace the consumed leaf litter and detritus used 

by these species. 

In cases where there is a general concern for conserving herpetofauna populations as a 

whole, one may consult the phenological patterns for all species combined. Observed abundance 

of all species and community diversity (H’) both exhibit a significant low beginning in the month 

of June, and that period can reasonably be extended through the initiation of the cooler rainy 

season, as demonstrated by the limited impacts demonstrated by the October Tubb’s wildfire 

event, which took place prior to the first precipitation of that rain year. The management goals of 

prescribed burns often dictate the timing of burn planning; for instance, burns intending to target 

invasive annual grass species must take place at particular times based on the phenology of the 

invasive grass. This may necessitate planning prescribed burns outside of the June to October 

period; the phenological patterns and habitat preferences of each species indicates the specific 

timeframes and habitats in which individual species are at least risk of impacts from fire 

disturbance. In cases where populations of particular species are known to be at risk or of 

particular conservation value, managers can consult the phenological pattern of that species to 

examine whether a fire event will coincide with the most active and vulnerable season for that 

species. For instance, if conservation of the P. skiltonianus population were of particular interest, 

it would be advisable to avoid planning a prescribed burn in the grassland habitat from the month 

of February to May.  

Similar considerations may be useful in prioritizing mitigation planning against the 

incidence of wildfire events in these habitats. While it is not possible to predict wildfire events 

with certainty, the likelihood of these events may be estimated based on climate and other 

environmental factors (Srock et al 2018, Taylor et al 2013). If conditions are most indicative of 
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fire events from the months of June to October, herpetofauna populations in grassland and forest 

habitats adjacent to pond sites may not be at high risk of existential threat based on these 

analyses, and therefore fire mitigation interventions will not need to be prioritized for the sake of 

these populations. However, the season of fire-prone conditions is changing in response to global 

climate change and caution is recommended in deprioritizing any management intervention in 

response to the threat of intense wildfire events (Wang et al 2021).  

 

Future Research 

The results of these analyses indicate that a low to moderate intensity fire in these 

habitats during the month of October does not pose an existential threat to these herpetofauna 

populations, although there could be some expectation of impacts to certain species in the years 

immediately following the fire event. It requires further investigation whether these impacts, 

including a decrease in population abundance of B. attenuatus and T. torosa, and habitat use 

changes in E. multicarinata, might render these species vulnerable to more intense impacts from 

subsequent disturbances in the years following an initial fire event. For instance, the 2017 Tubb’s 

wildfire event was followed two years later by the 2019 Kincade fire event, which took place in 

late November and impacted these same habitats at the Pepperwood Preserve. It will be 

important to analyze the ongoing state of these herpetofauna populations to see if multiple fire 

events over the course of a few years had multiplicative impacts on these species.  

While our access to pre-fire baseline data provided a fortuitous opportunity to measure 

population dynamics pre- and post-wildfire, the methods of data collection for this long-term 

data set limit our ability to draw conclusions regarding the drivers of the observed effects of the 

fire on these populations. One easily remedied limitation is the seasonal timeframe of the surveys 
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– December was set as an appropriate beginning of the survey season based on estimations of 

herpetofauna phenological behavior patterns, but given that observed abundance in December is 

substantially higher than the summer baseline, many species appear to be active prior to 

December. If the survey season commenced earlier, it would be possible to identify the true 

beginning of these species’ active seasons and understand their phenological patterns more 

completely. Another missing element of data collection is quantified metrics indicative of body 

condition of the observed organisms; this would be more challenging to integrate, but further 

research regarding how species’ population responses to fire disturbance is reflected in the body 

condition of the organisms would provide insight into how environmental changes result in 

population effects.  

It is also of crucial importance to gain a clear understanding of how fire disturbance of 

varying intensity affects habitat conditions in each habitat type, and how those habitat conditions 

recover over the course of several years following a fire disturbance, in order to understand the 

drivers behind the population dynamics and habitat use changes of these species. We have made 

qualitative observations regarding the likely effects of fire on these habitats and the likely rate of 

vegetation recovery, but quantitative data regarding habitat metrics such as canopy cover, woody 

debris and leaf litter, and other components of habitat complexity relevant to herpetofauna would 

be essential in drawing conclusions about the reasons behind post-fire variations in population 

and habitat use.  
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Conclusions 

 This study provides insight into the phenology, habitat use, and post-fire aboveground 

behavior of some of the most abundant herpetofauna species in oak woodlands and grasslands in 

the western United States. The phenologjcal and habitat use data may be of use in continued 

research and in predicting the impacts of future disturbances to these species. The post-fire 

observations and analyses indicate that (1) obligate forest-dwelling species (such as 

Batrachoceps attenuatus) may be at the most risk of negative impacts following wildfire and 

prescribed fire events, (2) forest-dwelling species with sufficient dispersal capabilities (such as 

the Elgaria mulicarinata) may seek better conditions in adjacent grassland habitats in the 

immediate post-fire years, (3) post-fire conditions in grasslands may facilitate increased 

abundance for herpetofauna species adapted to those habitats (such as Pseudacris sierra and 

Sceloporus occidentalis), and (4) the abundance and diversity of this herpetofauna community 

overall is resilient in the face of a fire event that took place during the dry summer season, and 

may portend resilience to low intensity wildfires or prescribed burns potentially lasting from 

June to October.  
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Lepidosaurs 
 

Amphibians Studies 

 
Indirect benefits via facilitation of beneficial habitat 

 

 
Russell et al 1999 

 
Negligible impacts 

 
Ford et al 1999 
Keyser et al 2004 
Kennedy et al 2012  
Westgate et al 2012 
 

 
Increased abundance and diversity 

 

 
No significant impacts 

 

 
Moseley et al 2003 
 

 
Positive impacts to lizards 

 

 
Negative impacts to salamanders 

 

 
Matthews et al 2010 
 

 
Variable impacts based on interaction effects  

with other environmental factors 
 

 
Larson 2014 
 

 
n/a 

 
Variable impacts to anurans based 

on interaction effects with  
other environmental factors and 

life-history traits 
 

 
Westgate 2018 
 

 
Indirect impacts vary by species 

 
No significant impacts 

 

 
Hromada et al 2018 
 

 
Habitat use change in alligator 
lizards, increased abundance in 

lizards (skinks excepted) 

 
Increased abundance in grassland 
species, decreased abundance in 

forest salamanders 
 

 
Bradbury et al 2021 
(this study) 

 
Table 1. Summary of studies investigating impacts of fire on herpetofauna. 
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Organism group Sample Year Total 
observations 2016 2017 2018 2019 

Total herpetofauna  1635 537 866 468 3506 
California Slender Salamander 
(Batrachoseps attenuatus) 

613 193 271 116 1193 

Pacific chorus frog 
(Pseudacris sierra) 

444 92 263 113 912 

Western Fence Lizard 
(Sceloporus occidentalis) 

155 43 116 36 350 

Western Skink  
(Plestiodon skiltonianus) 

150 63 27 66 306 

California Newt 
(Taricha torosa) 

98 73 45 60 276 

Southern Alligator Lizard 
(Elgaria multicarinata) 

64 20 86 31 201 

Ensatina salamander  
(Ensatina eschscholtzii) 

36 14 18 16 84 

Ringneck Snake  
(Diadophis punctatus) 

33 19 10 17 79 

Racer Snake  
(Coluber constrictor) 

14 0 16 3 33 

Gopher Snake  
(Pituophis catenifer) 

5 7 2 4 18 

Garter Snake  
(Thamnophis spp) 

4 6 5 0 15 

California Kingsnake 
(Lampropeltis californiae) 

10 0 1 3 14 

Arboreal Salamander  
(Aneides lugubris) 

3 0 5 3 11 

Western Toad  
(Anaxyrus boreas) 

4 6 0 0 10 

Black Salamander  
(Aneides flavipunctatus) 

1 1 0 0 2 

Northern Pacific Rattlesnake 
(Crotalus oreganus oreganus) 

1 0 1 0 2 
 

Table 2. Herpetofauna Project coverboard observation data for sample years 2016-
2019, Pepperwood Preserve, Sonoma County, California, USA.  
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Group Sample 
Year [Burn 
treatment] 

Burn 
treatment 
 
 

Temperature  
(mean max 
over previous 
2 days) 

Precipitation 
(total over 
previous 7 
days) 

Month Pond site Habitat Distance 
from 
water 
 

Burn 
treatment 
x Habitat 

Burn 
treatment 
x Month 

Total 
herpetofauna 
observations 
(log+1) 

60.6837*  4.4136  ͆ 21.3666* 54.9691* 3.4925t 4.1094  ͆ 6.1208  ͆  3.4506* 

Diversity (H’) 4.9469*  5.2737  ͆  17.6976*  

Species 
richness 

13.5607*  3.9457  ͆  18.0563* 

 

Table 3. Herpetofauna Project coverboard observation data for sample years 2016-2019, Pepperwood Preserve, 
Sonoma County, California, USA. F-values of all statistically significant variables for general linear mixed models, 
calculated by SAS JMP Pro 15.  
 *: p<0.0001,  ͆0.0002<p<0.49, t: 0.05<p<0.10 
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Figure 1.  Center: Map of Pepperwood Preserve, Sonoma County, California, USA. 
                 Left: Photos of pond study sites, locations indicated on map. 
                Right: Location of Pepperwood Preserve indicated in western United States. 
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Figure 2.  Area map of 2017 Tubb’s wildfire event, 
Sonoma County, California, USA. Boundaries of 
Pepperwood Preserve in green.  
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Figure 3. Maps of study sites for Herpetofauna Project, Pepperwood Preserve, 
Sonoma County, California, USA. Turtle Pond (top) and Double Pond (bottom 
left). Coverboard locations recorded with Garmin GPS unit; grassland (square) 
and forest (triangle).  
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A B 

C Figure 4. Herpetofauna Project 
coverboard observation data for sample 
years 2016-2019, Pepperwood 
Preserve, Sonoma County, California, 
USA.  Bar graphs of (A) Total 
observations by month, (B) Shannon’s 
Diversity Index by habitat type by 
study site by survey day by month, (C) 
Species richness by habitat type by 
study site by survey day by month.  
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Figure 5. Herpetofauna Project coverboard observation data for sample 
years 2016-2019, Pepperwood Preserve, Sonoma County, California, USA.  
Bar graphs of observations by month for (A) Pseudacaris sierra, (B) 
Batrachoseps attenuatus, (C) Taricha torosa, (D) Pleistodon skiltonianus, 
(E) Scleroporous occidentalis, (F) Elgaria multicarinata. 
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Figure 6. Herpetofauna Project coverboard 
observation data for sample years 2016-
2019, Pepperwood Preserve, Sonoma 
County, California, USA.  Bar graphs of 
mean observations in years immediately 
preceding and following the 2017 Tubb’s 
wildfire event for  
(A) Pseudacaris sierra,  
(B) Batrachoseps attenuatus,  
(C) Taricha torosa,  
(D) Scleroporous occidentalis,  
(E) Elgaria multicarinata. 
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Figure 7. Herpetofauna Project coverboard observation data for 
sample years 2016-2019, Pepperwood Preserve, Sonoma 
County, California, USA. Bar graph of Elgaria multicarinata 
coverboard observations for two years preceding and two years 
following the 2017 Tubb’s wildfire event in grassland vs. forest 
habitat. 
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Figure 8. Herpetofauna Project coverboard observation data for sample years 2016-2019, 
Pepperwood Preserve, Sonoma County, California, USA.  Bar graphs of interaction 
effect of 2017 Tubb’s wildfire event (two sample years pre-burn in yellow, two sample 
years post-burn in red) and month on coverboard observations of (A) Total observed 
herpetofauna community, (B) Pseudacris sierra,  
(C) Elgaria multicarinata, (D) Pleistodon skiltonianus,  
(E) Batrachoseps attenuatus, (F) Scleroporous occidentalis  

A 

D C 

E 

B 

F 

• " o., 

I 
I 

I I 

f)O'l -bum 

0.00 D o.~ 

0.07 

""' 

~ ~i ~ I I I I I 
o.o I .1 I I I 
000 f , ' t l l i f 11 ' t l ; dl ii_l ] 

0.35 • "" 
0.25 

• ::: 

?Mt-bum 

p,<l't-b<Jm J>r• -bum 

- post-burn 
pre-burn 

I Standard Error 



38 
 

 

LITERATURE CITED 

Ackerly, D.D., Kozanitas, M., Papper, P., Oldfather, M., Clark, M. (2019). Mortality and 
resprouting in California oak woodlands following mixed-severity fire. International Oaks, 
30: 23-30. 

Adolph, Stephen C. (1990). Influence of Behavioral Thermoregulation on Microhabitat Use by 
Two Sceloporus Lizards. Ecology, 71(1): 315-327. 

Agee, James K, and Skinner, Carl N. (2005). Basic Principles of Forest Fuel Reduction 
Treatments. Forest Ecology and Management, 211(1-2): 83-96. 

Anderson, M. Kat. Tending the Wild. (2005). University Of California. 

Arthur, Anthony D., Catling, Peter C., and Reid, Allan. (2012). Relative influence of habitat 
structure, species interactions, and rainfall on the post-fire population dynamics of ground-
dwelling vertebrates. Austral Ecology, 37: 958-970. 

Asbury, Dee A. and Adolph, Stephen C. (2007). Behavioural plasticity in an ecological 
generalist: microhabitat use by western fence lizards. Evolutionary Ecology Research, 9: 
801–815. 

Blaustein, Andrew R, Wake, David B, and Sousa, Wayne P. (1994). Amphibian Declines: 
Judging Stability, Persistence, and Susceptibility of Populations to Local and Global 
Extinctions. Conservation Biology, 8(1): 60-71. 

Cane, James H, and Neff, John L. (2011) Predicted Fates of Ground-nesting Bees in Soil Heated 
by Wildfire: Thermal Tolerances of Life Stages and a Survey of Nesting Depths. Biological 
Conservation 144(11): 2631-636.  

Carignan, V. and M. Villard (2002). Selecting Indicator Species To Monitor Ecological Integrity: 
A Review. Environmental Monitoring and Assessment, 78: 45–61. 

Cohen, Jeremy M., Lajeunesse, Marc J., and Rohr, Jason R. (2018). A global synthesis of animal 
phenological responses to climate change. Nature Climate Change, 8: 224–228. 

DiTomaso, Joseph M, Brooks, Matthew L, Allen, Edith B, Minnich, Ralph, Rice, Peter M, and 
Kyser, Guy B. (2006). Control of Invasive Weeds with Prescribed Burning. Weed 
Technology, 20.2: 535-48. 

Evelyn, Christopher J. (2016). Studies of Ecology and Morphology in the plethodontid 
salamander genus Batrachoseps. UC Santa Barbara. 

Ford, William M, Menzel, M.Alex, McGill, David W, Laerm, Joshua, and McCay, Timothy S. 
(1999). Effects of a Community Restoration Fire on Small Mammals and Herpetofauna in the 
Southern Appalachians. Forest Ecology and Management, 114(2): 233-43. 

Grant, B. W., A. D. Tucker, J. E. Lovich, A. M. Mills, P. M. Dixon, and J. W. Gibbons. (1992). 
The use of cover boards in estimating the pattern of reptile and amphibian biodiversity. Pages 
379-403 in D. R. McCullough and R. H. Barrett, editors. Wildlife 2001: populations. Elsevier 
Applied Science, New York, New York. 



39 
 

 

Griffis-Kyle, Kerry L, Mougey, Krista, Vanlandeghem, Matt, Swain, Sharmistha, and Drake, 
Joseph C. (2018). Comparison of Climate Vulnerability among Desert Herpetofauna. 
Biological Conservation, 225: 164-75. 

Hendrickson, J.R. (1954) Ecology and systematics of salamanders of the genus Batrachoseps. 
University of California Publications in Zoology. 54: 1– 46. 

Hromada, Steven J, Howey, Christopher A.F, Dickinson, Matthew B, Perry, Roger W, 
Roosenburg, Willem M, and Gienger, C.M. (2018). Response of Reptile and Amphibian 
Communities to the Reintroduction of Fire in an Oak/hickory Forest. Forest Ecology and 
Management, 428: 1-13. 

Kennedy, Alicia M, Marais, Johan, Bauer, Aaron M, Lewis, Patrick J, and Thies, Monte L. 
(2012). Effect of Fire on the Herpetofauna of the Koanaka Hills, Ngamiland, Botswana. 
Check List (Luís Felipe Toledo), 8(4): 666-74. 

Keyser, Patrick D, Sausville, David J, Ford, W. Mark, Schwab, Donald J, and Brose, Patrick H. 
(2004). Prescribed Fire Impacts to Amphibians and Reptiles in Shelterwood-harvested Oak-
dominated Forests. Virginia Journal of Science, 57(4): 159-68. 

Kim, Daehyun and Arthur, Mary A. (2014). Changes in community structure and species–
landform relationship after repeated fire disturbance in an oak-dominated temperate forest. 
Ecological Research, 29: 661–671. 

Kingsbury, Bruce A. (1994). Thermal Constraints and Eurythermy in the Lizard Elgaria 
multicarinata. Herpetologica, 50(3); 266-273. 

Lambeck, RJ. (1997). Focal species: a multi-species umbrella for nature conservation. 
Conservation Biology, 11: 849–856. 

Larson, Danelle M. (2014). Grassland Fire and Cattle Grazing Regulate Reptile and Amphibian 
Assembly Among Patches. Environmental Management, 54(6): 1434-444. 

Licht, Paul and Brown, Allen G. (1967). Behavioral Thermoregulation and Its Role in the 
Ecology of the Red-Bellied Newt, Taricha Rivularis. Ecology, 48(4): 598-611. 

Lightfoot, Kent G, and Lopez, Valentin. (2013). The Study of Indigenous Management Practices 
in California: An Introduction. California Archaeology, 5(2): 209-19. 

Matthews, Charlotte E., Christopher E. Moorman, Cathryn H. Greenberg, and Thomas A. 
Waldrop. (2010). Response of Reptiles and Amphibians to Repeated Fuel Reduction 
Treatments. Journal of Wildlife Management, 74(6): 1301-310. 

McCreary, Douglas. (2004). Oak Woodland Conservation Act of 2001. UC Davis: Sierra 
Foothill Research and Extension Center.  

Michael, Damian R, Blanchard, Wade, Scheele, Ben C, and Lindenmayer, David B. (2019). 
Comparative use of active searches and artificial refuges to detect amphibians in terrestrial 
environments. Austral Ecology, 44(2): 327-338 

Moseley, Kurtis R., Steven B. Castleberry, and Sara H. Schweitzer. (2003). Effects of Prescribed 
Fire on Hepetofauna in Bottomland Hardwood Forests. Southeastern Naturalist 2(4): 475-86. 



40 
 

 

Noon, Barry R., Bailey, Larissa L., Sisk, Thomas D., and Mckelvey, Kevin S. (2011). Efficient 
Species-Level Monitoring at the Landscape Scale. Conservation Biology, 26(3): 432–441. 

Noss, RF. (1999). Assessing and monitoring forest biodiversity: A suggested framework and 
indicators. Forest Ecological Management, 115: 135–46. 

Russell, Kevin R., David H. Van Lear, and David C. Guynn. (1999). Prescribed Fire Effects on 
Herpetofauna: Review and Management Implications. Wildlife Society Bulletin (1973-2006) 
27(2): 374-84. 

Santos, Xavier and Cheylan, Marc. (2013). Taxonomic and functional response of a 
Mediterranean reptile assemblage to a repeated fire regime. Biological Conservation, 168: 
90–98. 

Storey KB, Storey JM. (2012) Strategies of molecular adaptation to climate change: the 
challenges of amphibians and reptiles. In: Storey KB, Tanino KK (eds) Temperature 
adaptation in a changing climate. CABI Publisher, Wallingford, pp 98–115. 

Strahan, Robert T, Stoddard, Michael T, Springer, Judith D, and Huffman, David W. (2015). 
Increasing Weight of Evidence That Thinning and Burning Treatments Help Restore 
Understory Plant Communities in Ponderosa Pine Forests. Forest Ecology and Management, 
353: 208-20. 

Smith, Annabel L. (2018). Successional changes in trophic interactions support a mechanistic 
model of post‑fire population dynamics. Oecologia, 186:129-139. 

Srock, Alan F., Charney, Joseph J., Potter, Brian E., and Goodrick, Scott L. (2018). The Hot-
Dry-Windy Index: A New Fire Weather Index. Atmosphere, 9: 279-90. 

Stebbins, Robert C. and McGinnis, Samuel M. Field Guide to Amphibians and Reptiles of 
California. Revised Edition. University of California Press; 2012. 

Taylor, S. W., Woolford, Douglas G., Dean, C. B. and Martell, David L. (2013). Wildfire 
Prediction to Inform Management: Statistical Science Challenges. Statistical Science, 28(4):  
586-615. 

Tietje, W. D., and J. K. Vreeland. (1997). The Use of Plywood Cover boards to sample 
Herpetofauna in a California Oak Woodland. Transactions of the Western Section of the 
Wildlife Society. U.S.A. 33: 67-74. 

Thorson, Thomas and Svihla, Arthur. (1943). Correlation of the Habitats of Amphibians with 
Their Ability to Survive the Loss of Body Water. Ecology, 24(3): 374-381. 

Vitt, Laurie J., Janalee P. Caldwell, Henry M. Wilbur, and David C. Smith. (1990). Amphibians 
as Harbingers of Decay. BioScience, 40(6): 418. 

Vogl, R. J. (1979). Some basic principles of grassland fire management. Environmental 
Management, 3(1): 51-57. 

Wang, J., Guan, Y., Wu, L., Guan, X., Cai, W., Huang, J., Dong, W., and B. Zhang. (2021). 
Changing Lengths of the Four Seasons by Global Warming. Geophysical Research Letters: 
48.  



41 
 

 

Wang, X., Thompson D.K., Marshall, G.A., Tymstra C., Carr, R.and & Flannigan, M.D. (2015). 
Increasing frequency of extreme fire weather in Canada with climate change. Climatic 
Change, 130: 573-586. 

Westerling, A L, Bryant, B P, Preisler, H K, Holmes, T P, Hidalgo, H G, Das, T, and Shrestha, S 
R. (2011). Climate Change and Growth Scenarios for California Wildfire. Climatic Change, 
109(1): 445-63. 

Westerling, A. L. "Warming and Earlier Spring Increase Western U.S. Forest Wildfire Activity. 
(2006). Science (American Association for the Advancement of Science), 313(5789): 940-
43. 

Westgate, Martin J., Don A. Driscoll, and David B. Lindenmayer. (2012). Can the Intermediate 
Disturbance Hypothesis and Information on Species Traits Predict Anuran Responses to 
Fire? Oikos, 121(10): 1516-524. 

Westgate, Martin J, MacGregor, Christopher, Scheele, Ben C, Driscoll, Don A, and 
Lindenmayer, David B. (2018).  Effects of Time since Fire on Frog Occurrence Are Altered 
by Isolation, Vegetation and Fire Frequency Gradients. Diversity and Distributions, 24(1): 
82-91. 

Wittmann, J, Girman, D., and D. Crocker. (2019). Using iNaturalist in a Coverboard Protocol to 
Measure Data Quality: Suggestions for Project Design. Citizen Science: Theory and Practice, 
4(1): 21, pp. 1–12. 

Young, J. A., Evans, R. A., & Robison, J. (1972). Influence of repeated annual burning on a 
medusahead community. Journal of Range Management, 25(5), 372-375. 

Zedler, Paul H., Gautier, Clayton R. and McMaster, Gregory S. (1983). Vegetation Change in 
Response to Extreme Events: The Effect of a Short Interval between Fires in California 
Chaparral and Coastal Scrub. Ecology, 64(4): 809-818. 


	preliminary pages
	main body



