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Abstract 
 
The microclimates present under cover objects play essential roles in the life histories of 
terrestrial reptiles and amphibians in temperate zones (Grant et al., 1992; Hubbs, 2009; 
Pingleton & Holbrook, 2019; Stebbins & McGinnis, 2012). However, not much research has 
investigated the specific microclimates preferred by different species or how such preferences 
impact ecological communities. This study recorded the temperatures and humidity levels 
present underneath cover objects utilized by seven different species of terrestrial reptiles and 
amphibians within Coastal Southern California. Linear and betareg models (temperature and 
humidity respectively) were then used to group the various species based on their microclimate 
niches as well as to visualize how these niches differ between species. This study found that 
different species of herpetofauna in this geographic region have different microclimate niches. 
The differences between niches also varied by either one of the two variables studied or both. 
Only two of the species had microclimate niches that were almost completely overlapping. 
Even with microclimate niches varying by species, community-wide trends were also observed, 
such as general preferences for higher humidity levels and cover object temperatures between 
50°F and 80°F. Understanding these trends and niches could provide crucial insight into how 
herpetofaunal communities function, how they interact with the rest of the ecosystem, how 
they will be affected by climate change, and how conservation and research efforts can be 
improved. 
 
 
Introduction 
 
Reptiles and amphibians are ectotherms, 
meaning that their body temperature is 
determined by the sum of the thermal 
conditions in their immediate environment 
(Mattison, 2008). Since the thermal 
conditions in the environment are in a 
constant state of flux, reptiles and 
amphibians must change their behavior to 
compensate for changes in the environment 
if they are to maintain a consistent body 
temperature (Pingleton & Holbrook, 2019). 
Maintaining a constant body temperature is 
essential for physiological processes to be 

carried out smoothly and effectively (Moyes 
& Schulte, 2016). Reptiles and amphibians 
must also humidify themselves, or keep 
their skin moist, in order to prevent it from 
drying out and deteriorating, as well as to 
facilitate respiration in the case of 
amphibians (Hubbs, 2009; Noble, 1931). 
This process of behavioral thermoregulation 
and humidification is an important part of 
the lives of all reptiles and amphibians and 
has enormous effects on their behavior and 
distribution (Kingsbury, 1999; Pingleton & 
Holbrook, 2019). Additionally, different 
species have different thermal ranges and 
moisture levels that they can tolerate, 
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forcing them to seek out different habitats 
and be active during different times of the 
year. In temperate environments, reptiles 
and amphibians also spend a considerable 
amount of time thermoregulating and 
humidifying underneath cover objects. 
These are inanimate surface objects that 
may or may not serve as shelter for small 
animals. Reptile and amphibians specifically 
find cover objects attractive because the 
space underneath these objects often has 
specific combinations of temperature and 
moisture levels that are harder to find 
outside of the cover objects. These unique 
sets of abiotic conditions are called 
microclimates and are known to play a 
crucial role in the lives of the reptiles and 
amphibians of North America (Pingleton & 
Holbrook, 2019). 
 
Because thermoregulation and 
humidification are so important to the life 
histories of the herpetofauna, knowing the 
temperature and humidity ranges that 
different species require is essential to 
understanding how reptiles and amphibians 
are connected ecologically with themselves 

and other members of the ecosystems they 
are a part of. Reptiles and amphibians are 
also famously known as indicators of 
ecosystem health (Grant et al., 1992). 
Understanding the environmental 
conditions they need to survive can help us 
to learn what abiotic factors are necessary 
for the rest of the ecosystem to be healthy. 
This in turn is important to consider when 
implementing conservation decisions with 
the goal of improving ecosystem health. 
Knowledge of thermoregulation and 
humidification patterns can also provide 
valuable insight on the challenges that 
reptile and amphibian species may face in 
the future as climate change progresses. 
Additionally, it may be possible to which 
species may be more vulnerable and 
therefore are in need of more conservation 
attention (Grillo & Venora, 2011). Finally, 
this knowledge can help researchers and 
conservationists to increase the precision of 
the survey methods used to monitor reptile 
and amphibian populations (Grant et al., 
1992). 
 

Figure 1. How a cover object works. A coverboard is a flat piece of wood that lies flat on the ground 
and acts as an artificial cover object (Image A). Reptiles and amphibians often use coverboards just as much (if 
not more often) as they use natural cover objects. In addition to many other benefits, cover objects normally 
have favorable microclimates that assist reptile and amphibian physiological processes. The lifting of such 
objects is a well-known method of surveying reptile and amphibian populations in temperate climates (Image 
B). Photos by the author. 
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Fortunately, there is a reasonable amount 
of research that has investigated the 
thermoregulatory and humidification 
preferences of reptiles or amphibians from 
a variety of different ecosystems. A lot of 
this information is generated through the 
development of reptile and amphibian 
husbandry practices and laboratory 
experiments (Hall & Root, 1930; Leutsher, 
1976; Malvin & Wood, 1991; Mattison, 
1982). However, it is important to consider 
that the results from such experiments and 
practices may not actually reflect the 
temperatures or humidity levels that wild 
reptiles and amphibians seek out. Instead, 
such data likely suffers from subconscious 
human biases and the absence of key 
external factors at least some of the time. 
Thankfully, there are numerous 
thermoregulation and humidification 
studies that have been conducted in the 
field (Bellis, 1962; Brattstrom, 1979; Daltry 
et al., 1998). But while the results from 
these and other such studies have provided 
valuable insights for the conservation of the 
herpetofauna, there is still so much more 
research that needs to be done on this area 
of study. Most notably, much of the current 
literature focuses on how these factors 
affect the ecology of a single species, 
whereas in reality, these factors affect all of 
the species in a given herpetofauna 
community. As a result, there is a need to 
research the impacts of these factors on a 
community-wide scale that takes into 
account interspecific differences.  
 
There is also a surprising lack of knowledge 
on how temperature and humidity found 
under cover objects affects the ecology of 
herpetological communities, even though 
many studies suggest the importance of 
these factors in determining cover object 
usage (Grant et al., 1992; Hubbs, 2009). At 

least within the temperate zones, cover 
objects and the microclimates found 
underneath them are known to be essential 
refuges to the vast majority of reptile and 
amphibian species living in terrestrial 
habitats. This fact has made the placing and 
surveying of cover objects on of the most 
effective methods for surveying local 
herpetofauna diversity in most habitats 
across North America (Pingleton & 
Holbrook, 2019). While most temperature 
and humidity studies focus on these 
measurements as they relate to the air, 
such measurements do not necessarily 
reflect the conditions present in the 
microclimates under cover objects. The 
temperatures and humidity levels found 
under the cover objects are by far the more 
important measurements to consider when 
understanding the life histories of the 
herpetofauna in temperate zones. 
 
Given that our understanding of these 
factors as they relate to cover object usage 
is lacking, I spent four wet seasons 
collecting data on the temperatures and 
humidity levels present under cover objects 
that were used by terrestrial reptiles and 
amphibians in Coastal Southern California. 
This geographic subregion is characterized 
by a Mediterranean climate and includes 
everything on the coastal sides of the 
dominant mountain ranges of Southern 
California (Schoenherr, 2017). The region is 
home to a great diversity of reptiles and 
amphibians and features a wide range of 
terrestrial habitats, including grassland, 
coastal scrub, chaparral, oak woodland and 
savanna, seasonal wetlands (vernal pools), 
and riparian woodlands and corridors. This 
study looked at the 7 most common species 
of reptiles and amphibians found in this 
geographic subregion.  
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Figure 2. The seven species of reptiles and amphibians researched in this study. The black-
bellied slender salamander (Batrachoceps nigriventris; Image A), Western fence lizard (Sceloporus occidentalis; 
Image B), the Western skink (Plestidon skiltonianus; Image C), the Southern alligator lizard (Elgaria 
multicarinata; Image D), Pacific chorus frog (Pseudacris regilla; Image E), the gophersnake (Pituophis catenifer; 
Image F), and the Western rattlesnake (Crotalus oreganus; Image G) are all generalists in diet and habitat. Both 
Batrachoceps nigriventris and Pseudacris regilla have slightly more specialized habitat preferences than the 
reptiles do, but they are still very adaptable by amphibian standards. All of these species all occur together in 
several different kinds of habitats and all of them utilize cover objects often during at least part of the wet 
season. Although exceptions have been documented, none of these seven species feed on each other for the 
most part. Photos by the author. 
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These include the black-bellied slender 
salamander (Batrachoceps nigriventris), the 
Pacific chorus frog (Pseudacris regilla), the 
Western skink (Plestidon skiltonianus), the 
Southern alligator lizard (Elgaria 
multicarinata), the Western fence lizard 
(Sceloporus occidentalis), the gophersnake 
(Pituophis catenifer), and the Western 
rattlesnake (Crotalus oreganus). All of these 
species can be described as habitat 
generalists that occupy the same habitats as 
each other, although there are certain 
habitats where particular species are known 
to be more commonly found than others.  
 
With this study, I attempted to determine, 
characterize, and compare the 
microclimates found under cover objects 
that the various species used. I also wanted 
to report the data distributions and the 
mean, median, maximum, and minimum 
values for both cover object temperature 
and humidity for each species. Additionally, 
I was interested in comparing these values 
between species and testing for the 
statistical significance of these differences. 
Finally, I wanted to see if some species 
were more similar in their cover object 
microclimate preferences than others and if 
there were any distinct groupings of species 
based on microclimate. I predicted that, 
while community-wide trends would exist 
for both variables, the average values for 
temperature and humidity would different 
between species and that different species 
would have different microclimate niches. 
 
Methods 
 
Sampling Sites and Study Duration 
 
Data was collected for this study from 
January 2019 to the end of March 2022. 
Over this study duration, four different wet 

seasons were sampled (2018-2019, 2019-
2020, 2020-2021, and 2021-2022). Each wet 
season was drastically different from the 
others. The 2018-2019 wet season was by 
far the wettest, with precipitation occurring 
from late fall through March and cloudy 
cover occurring through most of late spring. 
The 2019-2020 wet season also had 
experienced a lot of precipitation, although 
it occurred over a much smaller portion of 
the wet season, with the major rain events 
happening in late November and December 
of 2019 and late February and March of 
2020. In between these two rain events was 
a relatively warm and sunny winter. The 
2020-2021 wet season was one of the driest 
on record for Southern California, with only 
two reasonably-sized rain events in late 
December and late January and sporadic, 
light rain before and after those two 
storms. Overall, the wet season was 
especially dry and warm. Finally, the 2021-
2022 wet season was similar to the 2020-
2021 wet season in that it got very little 
rain, with nearly all of the rain falling in 
December. January through March was dry 
and sunny, with alternating periods of cold 
and warm weather throughout these 
months. It is important to note that data 
was collected from only the first half of the 
2021-2022 season (November-March). 
 
All the data used in this study was collected 
specifically for this study. Over the study's 
nearly four-year duration, 24 distinct field 
sites from Santa Barbara, Ventura, Los 
Angeles, Orange, and San Diego Counties 
were sampled from. Due to the sensitivity 
of these sites to disturbance by reptile and 
amphibian collectors and irresponsible field 
herpers, the specifics of these locations 
cannot be made public and therefore 
cannot be present in detail here. That being 
said, there were 8 of these sites were 
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located in the Santa Barbara Coastal Plain 
(the vicinity of the towns of Santa Barbara 
and Goleta), 6 in the Santa Monica 
Mountains, 4 in the Simi Hills and San 
Fernando Valley, 2 on the Southern foothills 
of the Santa Ana Mountains, and 2 in the 
San Diego Coastal Plain. Some of these sites 
contained mostly artificial cover, such as 
coverboards or metal sheets, while others 
contained mostly natural cover objects, 
such as rocks, logs, and pieces of bark.  
 
Not all regions were sampled evenly, nor 
were all regions sampled during every wet 
season. The vast majority of the data was 
collected in Santa Barbara, Ventura, and Los 
Angeles Counties. Only data from Santa 
Barbara County was collected during the 
2018-2019 wet season. On the other hand, 
data from Santa Barbara, Ventura, and Los 
Angeles Counties was collected during the 
2019-2020 and 2021-2022 wet seasons. 
Every county was sampled during the 2020-
2021 wet season. Tables showing the 
proportions of data collected from each 
subregion and every wet season have been 
included in the results section. Some sites 
were sampled more than others due to 
either convenience or the presence of more 
reptiles and amphibians when compared 
with other sites. At the most, some sites 
were visited once a week during the wet 
season. However, most of the time, sites 
were observed every two or three weeks, 
sometimes with longer periods of time in 
between visits.  
 
Data Collection 
 
To collect data for this study, the sites were 
surveyed for living reptiles and amphibians 
by checking under cover objects. The list of 
cover objects from which data was 
recorded include logs, pieces of fallen bark 

on the ground, rocks, concrete slabs, tarps, 
coverboards (flat pieces of wood), and 
metal sheets. Data was recorded when a 
reptile or amphibian was found under a 
cover object and a separate data entry was 
made for every species present under the 
relevant cover object. If multiple individuals 
of a single species were present under the 
cover object, this was recorded as metadata 
within the data entry. Additional data 
entries for multiple individuals of the same 
species under a single cover object were 
not recorded to avoid the pseudoreplication 
of specific data points. Additional data 
entries were recorded for observations of a 
repeated individual if it was observed on 
another sampling date. This was justified 
because of the likelihood that the 
microclimate conditions present under the 
cover object would have changed between 
sampling dates.  
 
Each data entry was assigned a unique 
observation number and subregion 
combination. The temperature and 
humidity recorded were those of the air 
present under the cover object being 
sampled. Theoretically, these 
measurements should be representative of 
the microclimate present under the cover 
objects. Humidity was recorded as the 
relative humidity (% RH) and temperature 
was recorded in degrees Fahrenheit (°F), a 
choice that was made in order to make the 
data more useful for the author of the 
study. Temperature and humidity were 
both recorded using a Protmex MS6508 
digital temperature/humidity meter that 
was placed under the edge of the cover 
objects when in use and took both 
measurements simultaneously. The 
readings on the temperature/humidity 
meter were recorded once both the 
temperature value stopped changing over a 
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15 second interval and the humidity value 
stopped changing over a 5 second interval. 
For the latter procedure, priority was given 
by default to the temperature 
measurement.  
 
In addition to the temperature and 
humidity under the cover object sampled, 
the date, time of the observation, species, 
geographic subregion, weather description, 
habitat description, cover object type, 
number of individuals present, life stage, 
and any further notes were all recorded for 
each data entry. The species names used 
for this study are those presented in the 4th 
edition of the Peterson Field Guide to 
Western Reptiles and Amphibians (Stebbins 
& McGinnis, 2018). The data was later 
entered into excel workbooks which were 
then transformed into csv files.  

 
 Statistical Analyses 
 
The statistical analyses for this study were 
conducted using RStudio (Version 1.4.1106). 
When determining statistical significance, 
an alpha value of 0.05 was used as the 
cutoff p-values for all statistical tests. First, 
the mean, median, maximum, and 
minimum values for both variables 
(temperature and humidity) were 
calculated for each species. These values 
were then reported in two tables, one for 
each variable. Also calculated were the 
sample sizes for each species and the 
percentages of the sample sizes that were 
collected from each geographic subregion 
and wet season. These values were then 
displayed in two separate tables to provide 
transparency about the uneven sampling 

Figure 3. Methodology for recording the temperature and humidity underneath cover 
objects. A Protmex MS6508 digital temperature/humidity meter was used to record temperature (°F) and 
relatively humidity (% RH) underneath the cover objects (Image A). Once a reptile or amphibian was found by 
lifting a cover object, the animal(s) were removed from under the object, the object was replaced as found, 
and the animals were released at the edge of the cover object. After this process was complete, the 
temperature/humidity meter was inserted under the edge of the cover object that was either closest to where 
the animals were originally located or allowed the temperature/humidity meter to penetrate deepest (B). The 
readings on the temperature/humidity meter were recorded once both the temperature value stopped 
changing over a 15 second interval and the humidity value stopped changing over a 5 second interval. For this 
procedure, priority was always given by default to the temperature measurement. Photos by the author. 
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used in the study. Before the analyses, the 
humidity data units were converted from 
percentages to decimals (%RH x 0.01). This 
was done to make working with the data 
easier as well as to compliment the limited 
range of possible values for this variable (0-
100% for percentages, 0-1 for decimals). 
The data for both variables were then 
visualized in separate plots that displayed 
the histograms for each species. Next, 
Shaprio-Wilks Tests, QQ-Plots, and 
histograms were used to assess the 
normality of the distributions for both 
variables and each species. 
 
A linear model was used to conduct 
analyses on temperature as a function of 
species. First, the model's QQ-Plot and 
Shapiro-Wilks test were used in order to 
assess the normality of the model's 
residuals. While the Shapiro-Wilks test 
found the residuals to be non-normally 
distributed, the QQ-Plot and the large 
sample size of the data were used to justify 
treating the model as normally distributed. 
The emmeans function was then used to 
calculate the standard error and confidence 
intervals for each species. Next, a pairwise 
comparison between species was 
conducted to assess the similarities and 
differences between the means. The cld 
function was then used to group the species 
based on overlaps of the 95% confidence 
intervals for temperature. Finally, the 
means and confidence intervals were 
graphed to visualize the groups produced 
by the cld function.  
 
For analyzing humidity as a function of 
species, several different models were 
made and tested. These included a linear 
model with no transformations applied to 
the data, a linear model with a square 
transformation applied to the data, and a 

model based on the betareg function in R. 
For the transformed model, a square 
transformation was applied due to the left-
skewed tendencies of the histograms for 
most of the species. For the linear models, 
Shapiro-Wilks Tests and QQ-Plots were 
used to assess the normality of the 
residuals for the models. This was not done 
for the betareg model due to the limitations 
of this function. Like with the temperature 
model, a pairwise comparison between 
species was conducted for each humidity 
model. The cld function was also applied to 
each model to create groupings based on 
species in the same way. Finally, the means 
and confidence intervals were graphed for 
all three models to visualize differences 
between the groupings produced by the 
models. 
 
It was decided that the betareg model was 
the best fit for comparing the humidity 
means between species. This decision was 
justified for several reasons. First, the 
betareg model was the only one that took 
into account the limited range of possible 
values for the humidity variable. This model 
also did not differ noticeably in the 
distances and relative positions of the 
means and confidence intervals. The 
groupings produced by the cld function for 
the betareg model were also clearly 
matched by the corresponding graph, 
whereas it could be argued that the same 
could not be said for the other models. 
Finally, the betareg model produced the 
most conservative results regarding 
statistically significant differences. 
 
Lastly, a plot combining the means and 
confidence intervals for both variables was 
created to visually compare the cover 
object microclimate niches of the different 
species sampled. No analyses were 
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conducted that involved both variables at 
the same time. 
 
Results 
 
The samples sizes collected for each species 
as well as the fractions of these sample 
sizes collected for each wet season (Table 1) 
and each site (Table 2) are shown. 
 
Raw Results 
 
The mean, median, lowest, and highest 
cover object temperatures recorded for the 
seven species studied are shown (Table 3). 
For all the reptile species, the temperature 
variable was found to fit a normal 
distribution (Figure 4). Temperature was 
not normally distributed for both the 
amphibian species (Figure 4). For 
Batrachoceps nigriventris, the data was 
found to be slightly right skewed, although 
the data could be viewed as normally 

distributed given the large sample size used 
(n = 271). For Pseudacris regilla, the data 
appeared to be left skewed, possibly even 
being bimodally distributed. In general, the 
vast majority of temperatures recorded 
across all species were between 50°F and 
80°F. 
 
The mean, median, lowest, and highest 
cover object humidity levels recorded for 
the seven species studied are shown (Table 
4). For the amphibian and lizard species 
studied, the distribution was found to be 
left skewed (Figure 5). For the snake species 
studied, the data fit at normal distribution 
(Figure 5). The cover object microclimate 
niches are shown (Figure 8).  
 
Temperature Comparisons and 
Groupings 
 
The residuals for the temperature model 
were found to be normally distributed. The 

Table 1. The fractions of the sample sizes for all species sampled in each wet season. All 
of the fractions are percentages as decimals of the total sample size for the species in question. Note that 
sampling varied wildly across wet seasons for many of the species. 
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pairwise comparisons are shown (Table 5). 
Three distinct groupings of temperature 
preferences were found by the cld function: 
a low temperature group (Group 1), a mid 
temperature group (Group 2), and a high 
temperature group (Group 3). Batrachoceps 
nigriventris was on its own in Group 1, while 
Group 2 included Pseudacris regilla, Elgaria 
multicarinata, Sceloprous occidentalis. 
Group 3 was comprised of Plestidon 
skiltonianus and Pituophis catenifer. 
Crotalus oreganus straddled between both 
Group 2 and Group 3. These groupings, the 
means, and the confidences intervals are 
shown (Figure 6). 
 
 
 
 

Humidity Comparisons and Groupings 
 
As described in the methods section, it was 
determined that the betareg model for 
humidity was the best fit for comparing the 
means and grouping species. Because of 
this, the results for the betareg model are 
those listed here. The pairwise comparison 
results are shown (Table 6). Three distinct 
groupings of humidity preferences were 
found by the cld function: a low humidity 
group (Group 1), a mid humidity group 
(Group 2), and a high humidity group 
(Group 3). Pituophis catenifer and Crotalus 
oreganus were both together in Group 1, 
while Elgaria multicarinata and Plestidon 
skiltonianus were both in Group 2.  
 
  

Table 2. The fractions of the sample sizes for all species sampled from each region of 
Coastal Southern California. All of the fractions are percentages as decimals of the total sample size 
for the species in question. Note that sampling varied wildly across regions for many of the species. 
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Table 3. The mean, median, minimum, and maximum temperatures (°F) recorded for 
all species.  

Figure 4. The distributions of cover object temperatures used by each species. The x-axis 
shows temperature in degrees Fahrenheit and each histogram shows the distribution of temperature values 
for a different species. The small gray dots at the bottom of each histogram represent individual data points. 
The ranges of the distributions are similar across several of the species, even though there is clear variation in 
distribution between species. Also note the distribution for Batrachoceps nigriventris, which is visually the 
most unique distribution in its central tendency. Finally, also note the potentially bimodal distribution of 
Pseudacris regilla. 
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Table 4. The mean, median, minimum, and maximum humidity levels (% RH as a 
decimal) recorded for all species.  

Figure 5. The distributions of cover object humditiy levels used by each species. The x-axis 
shows percent relative humidity as a decimal and each histogram shows the distribution of humidity levels for 
a different species. The small gray dots at the bottom of each histogram represent individual data points. 
While the distributions of Pituophis catenifer and Crotalus oreganus show a weak normal distribution, all of 
the other distributions are left-skewed with similar central tendencies. Also note the outlier data point 
recorded for Pseudacris regilla. 
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Table 5. The results of the pairwise comparisons between the temperature averages for 
all species. The contrast column shows each comparison, where the averages for two different species 
were compared. The estimates give a measure of the difference between the values for each comparison, SE is 
the standard error, df is the degrees of freedom, and the t-ratio is the test statistic. All p-values below 0.05 
indicate that there is a difference between the average values of the two species. Note how most species were 
found to have different average temperature preferences from some species and not others. 

Table 6. The results of the pairwise comparisons between the humidity averages for all 
species. The contrast column shows each comparison, where the averages for two different species were 
compared. The estimates give a measure of the difference between the values for each comparison, SE is the 
standard error, df is the degrees of freedom, and the t-ratio is the test statistic. All p-values below 0.05 
indicate that there is a difference between the average values of the two species. Note how most species were 
found to have different average humidity level preferences from some species and not others. 
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Figure 6. The 95% confidence intervals and group assignments for cover object 
temperature for all the species. The x-axis shows the different species while the y-axis shows 
temperature in degrees Fahrenheit. The dots represent the mean temperatures for each species and the bars 
show the 95% confidence intervals. The numbers indicate the group number that each species is in. Note that 
Crotalus oreganus is between Groups 2 and 3. 

Figure 7. The 95% confidence intervals and group assignments for cover object 
humidity for all the species. The x-axis shows the different species while the y-axis shows percent 
relative humidity as a decimal. The dots represent the mean humidity levels for each species and the bars 
show the 95% confidence intervals. The numbers indicate the group number that each species is in. Note that 
Sceloporus occidentalis and Pseudacris regilla are between Groups 2 and 3. 
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Batrachoceps nigriventris was alone in 
Group 3 and both Pseudacris regilla and 
Sceloprous occidentalis straddled between 
Groups 2 and 3. These groupings, the 
means, and the confidences intervals are 
shown (Figure 7). 
 
Discussion 
 
This study found relative uniformity in the 
distributions of cover object temperature 
and humidity across species. For 
temperature, the vast majority of 
observations for most species were 
observed when the temperature under the 
cover objects was between 50°F and 80°F. 

Additionally, with the exception of 
Batrachoceps nigriventris, all of the species 
studied showed roughly the same central 
tendencies for the temperature variable. 
For humidity, most species showed a 
heavily left-skewed distribution, appearing 
to favor higher humidity levels. The central 
tendencies for these left-skewed 
distributions were also visually similar. The 
only exceptions to this were the snakes, 
both of which showed no clear preference 
for high or low humidity levels. These 
findings support the idea that certain 
microclimate preferences are shared at the 
community level in any one environment, 
even if species-specific microclimate 

Figure 8. The cover object microclimate niches for all seven species studied. The x-axis 
shows cover object temperature as degrees Fahrenheit while the y-axis shows cover object percent relative 
humidity as a decimal. The dots indicate the mean temperature and humidity level combinations for each 
species and the bars show the 95% confidence intervals for both variables. As can be clearly seen, the niches 
differ greatly from each other in many instances. That being said, note the almost complete overlap in the 
microclimate niches of Sceloporus occidentalis and Pseudacris regilla. 
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preferences exist within that same 
community. This makes sense given that 
other prominent community-wide trends in 
cover object usage have been thoroughly 
documented, such as the seasonality of 
cover object usage practiced by most 
members of Coastal Southern California's 
herpetofaunal communities (Hubbs, 2009; 
Klauber, 1956; Pingleton & Holbrook, 2019).  
 
One likely factor influencing such patterns 
are the abiotic conditions that characterize 
the environment. Given that reptiles and 
amphibians are highly sensitive to a wide 
variety of abiotic factors, relatively 
consistent and predictable characteristics of 
an environment could easily create 
selective pressures for the herpetofauna 
living there, forcing the entire community 
to have similar thermoregulatory and 
humidification habits. Just as plausible is 
the possibility that reptiles and amphibians 
as a whole share general microclimate 
preferences due to shared limitations in 
their physiology. More research is needed 
to determine which abiotic factors are most 
responsible for the existence of community-
wide trends involving cover object 
microclimates.  
 
Although general community-wide trends in 
microclimate preferences certainly exist, 
the data from this study also clearly shows 
that cover object microclimate preferences 
do vary between different species. The 
most obvious example of these interspecific 
differences was Batrachoceps Nigriventris, 
which was found to prefer much colder and 
wetter microclimates than the other species 
sampled. This unique microclimate niche is 
likely intertwined with the species' strong 
habitat preference for Coast Live Oak 
woodlands (Quercus agrifolia), as this 
species was the only one sampled in this 

study that displayed such a preference 
(Stebbins & McGinnis, 2012).  
 
One finding that is very intriguing is the 
almost complete overlap in the 
microclimate preferences of Pseudacris 
regilla and Sceloprous occidentalis. In 
general, it makes sense that both species 
prefer high humidity levels. Given its 
amphibian physiology, Pseudacris regilla 
requires high humidity levels in order to 
successfully keep its skin moist and respire 
(Noble, 1931). Sceloporus occidentalis on 
the other hand has been observed as being 
more active and abundant during warm and 
humid days as opposed to warm and dry 
days, even when the time of year is the 
same (pers obs). Although this observation 
does not involve cover objects, it does show 
that the species responds favorably to 
increased humidity levels. What is more 
interesting is the strong overlap in 
temperature preferences between 
Pseudacris regilla and Sceloprous 
occidentalis, as this finding is not very 
intuitive. The mean cover object 
temperature observed for Sceloprous 
occidentalis in this study is significantly 
lower than the optimal body temperature 
range of the species (Stebbins & McGinnis, 
2012). This means that Sceloprous 
occidentalis likely utilizes cover objects 
when the air temperature is not favorable. 
Because of this, it is likely that Pseudacris 
regilla and Sceloporus occidentalis utilize 
cover objects for different reasons while 
requiring the same conditions. The overlap 
of the microclimate niches of both species 
is certainly strong, as both Pseudacris regilla 
and Sceloporus occidentalis are often found 
under the same cover objects, a finding that 
was clearly shown by the data collected for 
this study (pers obs). 
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Another interesting relationship that this 
study found was that between the 
microclimate niches of Elgaria multicarinata 
and Plestidon skiltonianus. Both of these 
species were found to prefer the same 
range of humidity levels, and while they 
both seemed to prefer relatively high 
humidity levels, they were on average not 
found in as humid of microclimates as those 
occupied by Sceloporus occidentalis, 
Pseudacris regilla, and Batrachoceps 
nigriventris. A preference for relatively high 
humidity levels has been known for 
Plestidon skiltonianus (Stebbins & McGinnis, 
2012), although such a preference was not 
previously noted for Elgaria multicarinata. 
While the humidity preferences of Elgaria 
multicarinata and Plestidon skiltonianus 
were similar, the temperature preferences 
of the two species were very different, with 
Plestidon skiltonianus using cover objects 
with relatively warmer temperatures. This 
difference in temperature preferences is 
likely a key niche partition between the two 
species, as they both frequent similar 
habitats (Stebbins & McGinnis, 2012; pers 
obs), utilize the same types of cover objects 
(Pingleton & Holbrook, 2019; pers obs), and 
feed mostly on ground-dwelling 
invertebrates (INaturalist, n.d.; Stebbins & 
McGinnis, 2012; pers obs). It has also been 
observed that when one of the two species 
is highly abundant at a given site, the other 
species is much less common, indicating 
that Elgaria multicarinata and Plestidon 
skiltonianus likely experience significant 
levels of interspecific competition (pers 
obs). By utilizing cover objects when the 
microclimate temperatures underneath the 
objects are colder, Elgaria multicarinata 
may be able to become active earlier in the 
rainy season and earlier in the day, 
potentially reducing the competition it 
experiences with Plestidon skiltonianus. An 

experiment looking at competition between 
these two species using different 
treatments could shed more light on the 
significance of this finding.   
 
While most field herpetologists would 
suspect that snakes prefer relatively higher 
humidity levels, the results of this study do 
not support this idea. Both Pituophis 
catenifer and Crotalus oreganus were found 
under cover objects with a wide range of 
humidity levels and had the lowest means 
for humidity of all the species studied. As a 
result, the cover object microclimate 
humidity preferences of both Pituophis 
catenifer and Crotalus oreganus have much 
lower means than those of Elgaria 
multicarinata and Plestidon skiltonianus. 
This finding supports a well-known field 
observation trend in Coastal Southern 
California, where snake cover object usage 
is typically low when the usage of cover 
objects by Plestidon skiltonianus is high 
(pers obs). It was suspected that humidity 
was the primary factor behind this trend, 
but now there is quantifiable evidence to 
support this idea. Also of note is that 
Pituophis catenifer seems to prefer slightly 
drier microclimates than Crotalus oreganus, 
although the reasoning behind this is 
unclear. 
 
Both Pituophis catenifer and Crotalus 
oreganus showed a preference for relatively 
warm microclimates, a fact which does 
create some overlap between their 
microclimate niches and that of Plestidon 
skiltonianus. This finding compliments the 
overarching trends of cover object usage in 
Coastal Southern California that have been 
observed, with snakes usually being the last 
reptiles and amphibians to become surface 
active during the late winter and early 
spring months (INaturalist, n.d.). It was also 
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found that Crotalus oreganus tended to use 
cover objects with lower microclimate 
temperatures than Pituophis catenifer. This 
trend may help to reduce competition 
between the two species like with Elgaria 
multicarinata and Plestidon skiltonianus, as 
both Pituophis catenifer and Crotalus 
oreganus can often be seen in the same 
habitat (pers obs), utilize the same types of 
cover objects (Pingleton & Holbrook, 2019; 
pers obs), and feed on many of the same 
prey sources (Stebbins & McGinnis, 2012). 
But this finding may also simply be a result 
of differences in feeding strategies between 
the two species. For example, in general, 
rattlesnakes are more likely to set up 
ambushes for prey on the bare ground than 
other species of snakes. It is possible that 
Crotalus oreganus has evolved to be less 
affected by relatively cold temperatures to 
be able to set up such ambushes without 
the shelter of cover objects and that this 
may in turn affect the species' usage of 
cover objects. A study looking at seasonal 
differences in the behavior patterns of 
Pituophis catenifer and Crotalus oreganus 
may give further insight into the differential 
effects of seasonal temperature changes on 
behavior in these two species.  
 
With this basic understanding of the cover 
object microclimate niches present in 
Coastal Southern California's herpetofauna 
community, the real question is how these 
niches impact larger ecosystem processes 
and the conservation of the herpetofauna. 
The relative consistency across species for 
the cover object temperature and humidity 
distributions reflects the interconnected 
nature of the life histories of Coastal 
Southern California's herpetofauna. Given 
that the herpetofauna community is so 
deeply intertwined, it is likely that changes 
in the abiotic conditions of Coastal 

Southern California, even if they only last a 
year, can cause community-wide changes in 
the behavior, survival, and reproductive 
success of the region's herpetofauna. This 
means that a seasonal change in 
temperature would likely affect most of the 
reptiles and amphibians active during that 
time of year, not just a few species. Since 
reptiles and amphibians are also an 
important grouping of secondary 
consumers, community-wide changes in 
their behavior could have enormous 
ecological impacts on both higher and lower 
trophic levels. Even with no change, the fact 
that Coastal Southern California's 
herpetofaunal community is so heavily 
intertwined means that it likely plays a role 
in the annual behavior patterns of other 
species, including both prey and predators. 
 
Another important consideration is climate 
change. Current trends predict that 
California will continue to get hotter and 
drier as climate change progresses (Cayan 
et al., 2008). It is quite possible that the 
warming and drying out of Coastal Southern 
California will cause an overall decrease in 
cover object usage. To see evidence of this, 
one must only look to the North American 
deserts. In desert scrub habitats, which are 
much hotter and drier on average than the 
scrub habitats of the California coast, cover 
object usage by reptiles and amphibians is 
almost nonexistent for most genera (Hubbs, 
2009). This is likely because there is no 
need for such cover in the desert, as it is 
usually warm enough for reptiles and 
amphibians to be active and there rarely is 
much moisture under cover objects there. If 
Coastal Southern California, a place where 
cover object usage is common across most 
genera, becomes more desert-like in its 
abiotic conditions, it only makes sense that 
reptile and amphibian behavior in the 
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region will also become more desert-like. It 
is also likely that the times of year when 
cover object usage is highest will shift 
earlier in the rainy season as the times of 
year that particular microclimates are 
available change. This is supported by field 
observations which show that species which 
usually start to use cover objects in late 
February to early March will start using 
cover objects in January during especially 
dry and warm years (INaturalist, n.d.; pers 
obs). 
 
That being said, some species are more 
vulnerable to the effects of climate change 
than others. For example, of the species 
sampled in this study, Batrachoceps 
nigriventris is the one that is likely to be 
most heavily impacted by the warming and 
drying out of Coastal Southern California. 
While the species is well adapted to live in a 
Mediterranean climate, it still requires 
relatively high moisture levels compared 
with the other common reptile and 
amphibians species found in the region. 
While its place in oak woodland ecosystems 
is relatively resilient, the species will likely 
be extirpated from more open habitats such 
as grasslands and coastal scrub in the next 
few decades. Since this species is both a 
valuable prey item and a regulator of 
ground-dwelling invertebrate populations, 
its disappearance from open habitats will 
likely have significant impacts on the 
community structures of those ecosystems 
(Stebbins & McGinnis, 2012). Fortunately, 
based on the microclimate niches found in 
this study, most of the other species 
studied will likely be more resilient in the 
face of climate change, although their 
behavior and life histories will undoubtedly 
change in significant ways. 
 

The results of this study have several 
implications for conservation. Firstly, the 
ultimate solution to preventing long-term 
ecosystem changes due to changes in the 
herpetofauna community dynamics is 
clearly to address the climate crisis and 
reduce the impacts of global warming. 
However, since changes in the 
herpetofauna community dynamics are 
already underway, emphasis should also be 
placed on studying cover object 
microclimates and how changes in abiotic 
factors affect reptile and amphibian 
behavior. This could potentially provide 
insight into how changes in the 
herpetofauna community dynamics will also 
affect the larger ecosystem. Additionally, 
conservationists and researchers may want 
to consider altering their sampling 
methodologies for studying reptile and 
amphibian populations in Coastal Southern 
California. As this study has shown, 
different species have different 
microclimate niches and a single sampling 
date may not be adequate to conduct an 
informative survey for all of the species 
present at a given location. Climate change 
will also likely alter the times of year that 
cover objects are used by different species, 
which in turn could make changing 
sampling dates necessary to continue 
achieving accurate population estimates. 
Finally, similar studies to this one should be 
conducted in other herpetofauna 
communities across North America in order 
to better understand the connections 
between the herpetofauna and other parts 
of the involved ecosystems. 
 
Critique  
 
While this study produced several insightful 
findings, it was by no means perfect. In 
order to help the readers evaluate the 
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conclusions made by this study, some 
potential shortcomings of this study are 
addressed here.  
 
Firstly, this study lacked a control group, or 
a data set for the microclimates underneath 
cover objects that did not have any reptiles 
or amphibians present. Because of this, it is 
impossible to know what percentage of the 
time a cover object with a favorable 
microclimate will be unoccupied by a reptile 
or amphibian. It can also be argued that the 
data used in the study does not count as 
randomly sampled, as the location of many 
of the cover objects was not random but 
deliberate. That being said, the samples 
were viewed as random because it was 
logically assumed that individual reptiles 
and amphibians have the freedom of choice 
to choose whether or not to stay under a 
specific cover object. If they were found 
under a given cover object, it was assumed 
that they chose to be there. Because of this, 
the presence of an individual herp under a 
cover object was viewed as a random 
factor. In a similar way, multiple entries for 
a single individual were recorded on 
separate sampling dates, even if the same 
cover object was used both times. This was 
done because it was assumed that changes 
in microclimate between sampling dates 
were possible, which would also enter 
another random factor into the equation. 
Data for the same individual under the 
same cover object was only recorded up to 
three times. That being said, some readers 
may consider this to be pseudoreplication.  
 
Another issue with the study is that the 
temperature and humidity readings may 
differ slightly from the actual values. This is 
largely due to the use of the Protmex 
MS6508 digital temperature/humidity 
meter, which took both measurements at 

the same time. While priority was always 
given to the temperature measurement to 
keep data collection systematic, it is likely 
that this introduced systematic error for the 
humidity variable. Additionally, there were 
many times where the device could not fit 
all of the way underneath the edge of the 
cover object, resulting in readings that 
could potentially have differed from the 
measurement directly underneath the 
cover objects. Even when the device could 
be placed under the edge of the object, it 
was only sampling the conditions present at 
that edge. It is possible and likely that the 
conditions present in the middle of the 
cover object could have been different. 
Future studies should record the 
measurements for temperature and 
humidity on separate devices and 
potentially use different devices entirely. 
On a similar note, no cover object 
dimensions or the specific location of the 
reptiles and amphibians under the objects 
were recorded during the study, something 
which future studies should consider. The 
weather descriptions and life stage 
groupings were also vague and not 
quantifiable. The study also did not account 
for life history factors that could influenced 
cover object usage, such as shed cycles, 
digestion, and reproduction. These 
variables could have provided additional 
information regarding cover object usage. 
Future studies should record data for these 
factors and do so in a quantifiable manner. 
 
This study also did not consider daily 
fluctuations in the microclimates under 
cover objects, only recording singular data 
points for a given individual on a given day. 
Because of this, it is possible that the times 
of day that sampling took place could have 
had a significant effect on the distributions 
recorded. A future study investigating the 
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daily fluctuations of the microclimates 
found under different kinds of cover objects 
in multiple habitats could potentially result 
in significant findings regarding this factor. 
It is also worth noting that the sites 
sampled during this study displayed a 
significant amount of site heterogeneity, 
with lots of site-specific variation in species 
abundance and composition, as well as 
differences in cover object availability. 
Many of these sites were also in degraded 
states of varying severity, leading one to 
wonder if the distributions of temperature 
and humidity observed would have been 
different if the environments sampled had 
been more pristine.  
 
It is also important to recognize the uneven 
distribution of sampling practiced by this 
study. The sample sizes for each species and 
the geographic subregions sampled varied 
wildly between rainy seasons and could 
potentially introduce some biases. Most of 
the data was also collected in Santa 
Barbara, Ventura, and Los Angeles Counties, 
with only a few data points coming from 
Orange and San Diego Counties. The 
weather patterns also differed wildly 
between years and, while this may have 
helped the study to account for both wet 
and dry years, it could have introduced 
some biases specific to the grouping of 
years sampled. This uneven sampling is due 
to the limited time and resources available 
to put into this study, as it was conducted 
by a single researcher. Also worth noting is 
the fact that not all species present in 
Coastal Southern California's terrestrial 
herpetofauna communities were included 
in this study. While this was simply a matter 
of not having large enough sample sizes, it 
certainly does leave some notable gaps in 
microclimates vary across the entire 
herpetofauna community. 
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