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ABSTRACT 

Ecosystems are comprised of many different microhabitats which are distinguished from 
each other by abiotic and biotic properties. In these microhabitats, large scale ecosystem 
dynamics such as community utilization of resources can be observed on an individual 
scale. Within rock bar microhabitats along the South Fork Eel River in the Angelo Coast 
Range Reserve, we observed the behavior of western fence lizards (Sceloporus 
occidentalis) and sagebrush lizards (Sceloporus graciosus) with respect to abiotic factors. 
We found that large lizards occupied territory closer to the river’s edge and were more 
commonly seen on large rocks. Small lizards displayed less territorial behavior compared 
to medium and large lizards and tended to occupy small rocks. Overall, lizard size was the 
main factor in distribution and behavior. Studying specifically how organisms use their 
habitats provides a greater understanding of overall ecosystem function, allowing us to 
detect changes in the future. 
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INTRODUCTION  

The interaction between abiotic features 
of ecosystems and the species that inhabit 
them is an important area of study in ecology 
(Robinson & Hill 2005; M. D. Smith et al. 
2009). Understanding these ecosystem 
dynamics is critical for implementing 
conservation strategy, but they are also 
difficult to study due to their large scale 
(Farallo & Miles 2016). Microhabitats within 
the same ecosystem exhibit distinctive 
abiotic and biotic properties affecting 
community and species use of the habitat 

(Huey, 1982; Torossian et al., 2016). As such, 
they offer us a unique opportunity to study 
ecosystem interactions on a smaller scale. In 
the past, using microhabitats to examine the 
specifics of abiotic and biotic interactions 
has proven helpful for developing ecosystem 
models by applying this specific small-scale 
data to a broader level (Farallo & Miles 2016; 
McNeely & Power 2007; Mehrabi et al. 2014). 

Rock bars are an example of microhabitats 
in riparian systems, defined as rocky 
substrates located along the periphery of 
free-flowing rivers (Sabo 2003). With rocks 
ranging in size from pebbles to boulders, 
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rock bars provide a unique microhabitat for 
many species (Arenas et al. 2018; Bunte & 
Abt 2001). Rock bars maintain their own 
microclimate, with temperatures that suit 
the needs of ectothermic species who 
require external sources of heat to 
thermoregulate (Adolph 1990; Christian et 
al. 1984; Kearney 2002; Webb & Shine 1998). 
Riparian lizards are an example of 
ectotherms that commonly use rock bars for 
this purpose (Arenas et al. 2018). Apart from 
relying on the microclimate for 
thermoregulation, riparian lizards also use 
these microhabitats to feed, mate, and hide 
from predators, as well as defending their 
territories within rock bars from other lizards 
(Sabo 2003; G. R. Smith & Ballinger 2001). 

The western fence lizard (Sceloporus 
occidentalis) and sagebrush lizard 
(Sceloporus graciosus) are examples of these 
ectothermic species that can be found in a 
wide variety of habitats across the western 
United States (Asbury & Adolph 2007.). As 
ecological generalists, their behavior 
changes within the various microhabitats 
they populate. These differing behavioral 
patterns at small scales may provide specific 
information needed to develop larger scale 
ecosystem models and offer a glimpse into 
how ecosystems function as a whole 
(McNeely & Power 2007). 

Because the environmental variables of 
rock bar microhabitats can affect riparian 
lizards, we determined which abiotic factors 
influence the use of these spaces by lizards. 
We hypothesized that (1) larger lizards 
would be found closer to the river’s edge, 
and (2) lizards of all sizes should exhibit more 
territorial behavior closer to the river’s edge. 
Sabo and Power (2002) previously found 
that lizard growth rates were positively 
correlated with aquatic insect abundance; 

because aquatic insect abundance increases 
closer to the river, we expected that larger 
lizards would more often occupy and defend 
territory there to take advantage of the 
avaliable resources. By examining riparian 
lizard behavior more closely, we can gain a 
greater understanding of the specifics of 
microhabitat dyamics, their overall function 
within the environment, and their potential 
role in larger scale ecosystem models.  

METHODS 

2.1 Site selection  

We selected six rock bar sites in the Angelo 
Coast Range Reserve in California. All sites 
were along the South Fork Eel River (Table 
1). Following Bunte and Abt (2001), we 
defined rock bars as dried areas along the 
river where the bed was exposed, composed 
of a mix of pebbles, cobblestone, and 
boulders. In addition to rocks, rock bars 
contained fallen logs and dispersed 
terrestrial plant growth, mainly Poaceae 
(grasses), bryophytes (mosses), tracheophytes 
(ferns), and lycophytes (horsetails). 

Table 1. Abiotic data for rock bar sites along the South 
Fork Eel River. 

 

2.2 Abiotic measurements 

At each rock bar, we estimated the total 
area by measuring the longest section of 
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both length and width. The percentage of 
the rock bar in sun was determined through 
a visual estimate at the start of each 
observation. We took air temperature along 
with the average temperature of rocks in 
sunny and shaded areas. Rock temperature 
was calculated by averaging the 
temperature of three large rocks in each 
area with an infrared temperature gun. We 
binned rock sizes into small (less than 15 cm 
diameter), medium (15–45 cm diameter), 
and large (greater than 45 cm diameter) to 
more accurately identify them during 
observation.  

2.3 Lizard measurements 

We observed two species of riparian lizard: 
the western fence lizard (Sceloporus 
occidentalis) and sagebrush lizard 
(Sceloporus graciosus). Other lizard species 
seen on rock bars were not counted due to 
poor data availability. Lizards were caught in 
order to categorize individual size. We 
measured snout to vent length (SVL), snout 
width, and weight of each lizard. Small 
lizards had an SVL of less than 52 cm, a snout 
width of less than 10 cm, and a mass of less 
than 8 g. Medium lizards had an SVL if 52–65 
cm, a snout width of 10–14 cm, and a weight 
of 8–13 g. Large lizards had an SVL of greater 
than 65 cm, a snout width of 15 cm or 
greater, and a mass of 14 g or greater. 

2.4 Spatial observations 

We took observations at each site 
between 11:30 AM and 3:00 PM daily, from 
May 4–9, 2021. This range of time allowed us 
to observe the rock bars when there was a 
higher percentage of sun cover and a higher 
temperature, which is when lizards are most 

active on rock bar (Arenas et al. 2018). We 
divided the rock bar into four sections that 
each researcher observed individually. To 
reduce the effects of disturbance, we sat 
quietly for a five-minute buffer period 
before taking observational data for one 
hour. For each lizard that was spotted, we 
noted lizard species and size. We also noted 
distance from the river’s edge, whether it 
was in sun or shade, the substrate it was on 
(rock, log, vegetation), the size of the rock 
being utilized (if applicable), and behavior. 
Each of these points were determined by 
position and behavior of lizard when first 
spotted. Each lizard spotted was counted as 
a new individual. 

2.5 Spatial observations 

Behaviors were divided into three main 
categories: perched, running, and territorial. 
Perched behavior was defined by a non-
mobile lizard. Running behavior was 
classified as any movement of a lizard 
around the rock bar, including chasing, being 
chased, and running alone. Territorial 
behavior was noted when a lizard moved its 
body up and down in a series of ‘push-ups.’ 
This type of display has been well-
documented as an assertion of dominance in 
many species of lizards, including western 
fence lizards and sagebrush lizards (Martins 
& Martins 1994; Sheldahl & Martins 2000). 

2.6 Statistical analysis 

We evaluated the effect of abiotic 
conditions on lizard size and behavior, along 
with the relationship between lizard size and 
behavior. All statistical analyses used a chi-
squared test in JMP Pro 15.  
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RESULTS 

3.1 Abiotic measurements 

Abiotic data for each individual site is listed 
in Table 1. The average area of the rock bars 
was 654 m², and the average distance from 
the water’s edge to the edge of the rock bar was 
17 m. Average ambient temperature was 14.3°C. 
In the shade, average rock temperature was 
21.8°C and average rock temperature in the 
sun was 42.8°C. The mean amount of sunny 
area on each rock bar was 81.6%. 

3.2 Spatial observations 

Lizard size changed in relationship to 
distance from the river’s edge and rock size. 
There was no effect of substrate type or 
whether the lizard was found in the sun or 
shade (Table 2). Additionally, there was no 
difference between how far small and 
medium lizards were from the river, with an 
average of 13 m and 11 m, respectively. 
Comparatively, large lizards were observed 
closer to the river, on average 6 m from the 
edge, indicating some relationship between 
lizard size and distance from the river’s edge 
(Fig. 1). 

Figure 1. Average distance of individual lizards from 
the river’s edge. This study was conducted 
throughout six sites across Angelo Coast Range 
Reserve. Large lizards were observed closer to the 
river’s edge (Table 2). 

Rock size showed varied correlation with 
the size of lizard present (Table 2). Small 
lizards used small rocks most commonly, 
observed on small rocks 44% of the time, 
compared to 17% for medium lizards and 
12% for large lizards. In contrast, small 
lizards were least abundant on medium 
rocks, only found 21% of the time. Medium 
lizards were found on medium rocks 40% of 
the time and large lizards 35% of the time. 
Lastly, there was a marginal difference of 
lizard size on large rocks, where large lizards 
found 53% of the time, followed by medium 
lizards at 43%, and small lizards at 36%  
(Fig. 2).  

Table 2. Summary statistics testing the effects of 
distance from river edge, rock size, substrate type, 
and sun or shade cover on lizard size (n = 199). 

 

Figure 2. Percent of time small, medium, and large 
lizards were observed on small, medium, and large 
rocks (Table 2). Small lizards were observed more 
often on small rocks and less often on medium rocks, 
compared to medium and large lizards. Large, 
medium, then small lizards were observed most to 
least often on large rocks. 
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3.3 Behavioral observations 

We observed several differences in the 
behavior of small lizards compared to 
medium and large lizards (Fig. 3). 
Specifically, small lizards displayed less 
territorial behavior and more running 
behavior. Small lizards displayed territorial 
behavior only 12% of the time, compared to 
medium lizards displaying territorial 
behavior 30% of the time and large lizards 
displaying 38% of the time. Small lizards also 
displayed running behavior 29% of the time, 
while medium and large lizards were 
observed running 10% and 9% of the time, 
respectively. We observed no difference in 
perched behavior with respect to lizard size, 
however this behavior was the most 
common behavior for all sized lizards. No 
abiotic factors were found to affect lizard 
behavior (Table 3). 

Figure 3. Percent total of small, medium, and large 
lizards observed displaying perched, territorial, or 
running behavior (Table 3). Small lizards exhibited 
less territorial behavior and more running behavior 
compared to medium and large lizards. There was no 
effect of lizard size on perched behavior, but perched 
behavior was the most common behavior for lizards 
of all sizes. 

Table 3. Summary statistics testing the effects of 
distance from river edge, rock size, substrate type, 
sun or shade cover, and individual size on lizard 
behavior (n=180). 

 

DISCUSSION 

Our results support our hypothesis that (1) 
larger lizards occupy more territory closer to 
the river’s edge. We found no evidence that 
(2) lizards of any size show more territorial 
behavior close to the river’s edge. 
Additionally, we observed that rock size is 
related to the size of lizards present and that 
size of lizard can be a predictor for the type 
of behavior that lizards display.  

When looking at overall behavior 
according to size, we observed that small 
lizards exhibit more running and less 
territorial behavior. One likely explanation is 
that small lizards are not as physically 
capable of defending territory against larger 
lizards, so they choose to expend their 
energy on fleeing rather than confrontation. 
In contrast, medium and large lizards 
displayed more territorial behavior. These 
lizards may be more likely to compete over 
prime territory, as their size gives them 
greater advantage in a fight, so pushup 
displays could be an indicator of increased 
aggression. 

Large lizards may have been found closer 
to the river because they show more 
territorial behavior and the river edge 
territory is advantageous (J. L. Sabo & Power, 
2002). With higher territorial behavior, 
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smaller lizards may be less likely to challenge 
them for space. Limited competition from 
smaller lizards then allows large lizards to 
inhabit more advantageous space on the 
rock bar near the river’s edge, while 
excluding smaller lizards (Marler & 
Walsberg, 1995). Space on the rock bar near 
the river’s edge is beneficial because of its 
proximity to aquatic invertebrate prey, the 
main food source of riparian lizards (J. L. 
Sabo & Power, 2002). To further develop this 
idea, future studies could examine the 
invertebrate community around the rock 
bar. By looking at the distribution of prey, we 
may gain a better understanding of which 
areas are the most advantageous for lizards 
to occupy, and in turn how lizards distribute 
themselves over these territories. 

In addition to distance from the river’s 
edge, we observed a correlation between 
rock size and the size of lizard present. 
Overall, we observed more lizards on large 
rocks (n = 86), followed by medium rocks (n 
= 65), and then small rocks (n = 51). Small 
lizards were most commonly seen on small 
rocks, while large lizards were more 
abundant on large rocks. Larger rocks may 
be preferred territory for lizards, as they 
have the largest surface area for behaviors 
such as basking and hunting (J. L. Sabo & 
Power 2002; Simon & Middendorf 1976). As 
prime territory, bigger lizards would more 
easily and more readily dominate larger 
rocks. Along with limited competition, small 
lizards may be more common on small rocks 
because it is an easier territory for them to 
defend compared to bigger rocks.  

The patterns between rock and lizard size 
could also be affected by sample bias, as 
many of our observation sites had few large 
rocks to compete over. To better understand 
if sample size is affecting our results, it would 

be beneficial to quantify the relative 
abundance of large, medium, and small 
rocks in each sample area and compare it to 
the distribution of rocks that we observed 
lizards on.  

A more even distribution of lizard size 
throughout our samples and more samples 
of shaded areas would be beneficial to 
further understanding behavioral changes 
based on lizard size. Our sample size of large 
lizards (n = 36) was much smaller than 
medium (n = 87) and small (n = 76) lizards. 
Similarly, we observed more lizards in sunny 
areas (n = 170) compared to shaded areas (n 
= 45), which may not have been enough 
shaded samples to observe any differences.  

Defining behaviors more narrowly may 
also clarify the results of our study. For 
example, our category of ‘perched’ behavior 
included both sun basking and vigilant 
behavior, which may be affected by 
environmental variables differently. Running 
behavior can also be separated, as running 
along compared to being chased or chasing 
has very different behavioral implications. 
Lastly, it is important to note that some 
lizards may have been counted more than 
once, however it should not heavily impact 
our study because we focused on behavioral 
patterns without quantifying lizard 
abundance or populations.  

As ecosystems are composed of many 
different microhabitats, it’s important to 
study how organisms use these spaces as 
part of larger communities. Studying 
interactions observed between abiotic and 
biotic features found at microhabitats, like 
riparian lizards on rock bars, provides a 
greater understanding of both the 
microhabitat and the ecosystem as a whole. 
In addition, microhabitats can help create 
more accurate macroscale models of the 
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broader ecosystem by providing the small-
scale specific data needed (Farallo & Miles 
2016; Mehrabi et al. 2014). Ecological 
generalists, like the western fence and 
sagebrush lizards, are highly adaptable to 
many different environments; this can make 
them observable indicators of microhabitat 
dynamics and can help expand our overall 
knowledge on ecosystem function, changes, 
and health.  
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