
  
 

 

CEC Research | https://doi.org/10.21973/N3KT0V    Summer 2021 Vol. 5, Issue 5 1/8 

Microhabitat selection of rock outcrops in  
yellow-bellied marmots (Marmota flaviventris) 

 
Anne Burdette1, Anna Catherine Klaassen2, Mario Rodriguez3, Amida Zohar Verhey3 

 
1University of California, Santa Barbara; 2University of California, Los Angeles;  

3University of California, Davis 
 

ABSTRACT 

The occupation of habitat by animals depends on their habitat preference as well as the 
accessibility of the space. Knowing how specific animals choose habitats, not only at large 
scales but also at micro scales, is critical to their conservation. We studied how yellow-
bellied marmots (Marmota flaviventris) in the White Mountains, CA, choose between 
different rock outcrop microhabitats, using scat as a proxy for marmot abundance and 
density. We found that yellow-bellied marmots have no preference for rock outcrops that 
are close together versus isolated, and that more marmots occurred on larger rock 
outcrops but at a decreasing density. Our findings provide evidence that yellow-bellied 
marmots have habitat preferences not only on large scales, but also on microhabitat 
scales. Because animal habitat decisions are closely related to animal conservation, 
obtaining a more complete understanding of habitat preferences allows for more 
successful animal conservation. 
 
Keywords: Marmota flaviventris, microhabitat preference, habitat isolation, habitat size, 
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INTRODUCTION  

The occupation of habitat by animals 
depends on their habitat preference as well 
as the accessibility of the space 
(Matthiopoulos 2003). Habitat preference is 
based on the availability of resources, such 
as food, nesting or burrowing areas, and for 
many animals, safety from predators (Guo et 
al. 2020). According to traditional models of 
habitat selection, these resources occur in 
patches of habitat separated by a matrix of 
unusable space (Rosenzweig 1987). Knowing 
how specific animals choose habitats is 
critical to their conservation (Morris 2003). 

There is a growing body of research on 
large-scale habitat selection, such as the 
ranges of habitat types that certain animals 
are adapted to, the ways that the structures 
and resource densities of habitats determine 
how large a population they can support, 
and the effects of habitat disturbance such 
as clear-cutting on species richness 
(Rosenzweig 1987, Morris 1988, Hjältén et 
al. 2012). However, selection of certain 
habitats over others occurs at multiple 
spatial scales (Guo et al. 2020). Within a 
habitat, there are microhabitats, or smaller 
patches that provide all the resources an 
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animal needs to survive and reproduce 
(Allainé et al. 1994). Since microhabitats 
often vary in quality even across a single 
landscape, animals often choose one over 
another nonrandomly (Guo et al. 2020). 
Previous studies have found that the habitat 
preferences of a given species tend to differ 
between spatial scales, because factors like 
topography and climate that differentiate 
large-scale habitats are less relevant at 
smaller scales (Boyce et al. 2003, Guo et al. 
2020). Therefore, it is important to consider 
multiple scales to develop a holistic 
understanding of the needs of a species (Guo 
et al. 2020). 

One species that serves well as a model for 
the study of habitat selection is the yellow-
bellied marmot, Marmota flaviventris, a 
variety of ground squirrel that occupies 
alpine and semidesert zones across the 
Western United States (Frase and Hoffmann 
1980). Rock outcrops often serve as 
microhabitats for yellow-bellied marmots 
(Svendsen 1976). The clear separation of the 
outcrops by open land and the variation in 
outcrop size makes them an ideal study 
system for the differences between 
microhabitats. Yellow-bellied marmots dig 
their burrows under the rocks and spend up 
to 80% of their lives in them, including a 
winter hibernation period (Svendsen 1976). 
They typically stay within 50 m of these 
burrows to avoid predation (Ozgul et al. 
2006). In addition to burrow space and 
protection, the outcrops also provide 
sunning spots and a vantage point to detect 
predators, which include coyotes, martens, 
badgers, and raptors such as golden eagles 
(Svendsen 1976, Van Vuren 2001). The 
marmots forage for edible vegetation in the 
space surrounding the outcrops (Couch 
1930). 

The quality of a marmot habitat, which is 
determined by its size, availability of 
resources, and other factors, determines the 
type and size of social group that it can 
support (Ozgul et al. 2006). Lower-quality 
habitats typically host an adult female, her 
newest offspring, and sometimes an adult 
male, whereas higher-quality habitats 
support one or more adult males, their 
harems of females, and two generations of 
offspring (Ozgul et al. 2006). 

There has been substantial study of 
yellow-bellied marmots at larger spatial 
scales (Svendsen 1974, Armitage 1991, 
Armitage and Schwartz 2000, Ozgul et al. 
2006, 2009, Blumstein et al. 2006). Svendsen 
(1974) looked at slope, ground cover, and 
tree distance to habitat patches in 
comparison to population levels of yellow-
bellied marmots. Additionally, Ozgul et al. 
(2006) found that metapopulations persisted 
longer in high quality habitat patches. On 
smaller scales, Svendsen (1976) found that 
burrows of yellow-bellied marmots occurred 
on slopes that were grassy or with herbs, 
while Guo et al. (2020) found that Himalayan 
marmots (Marmota himalayana) selected 
microhabitats with low soil moisture and low 
vegetation density. In total, not as much is 
known about yellow-bellied marmot habitat 
choice on smaller scales, particularly 
preferences for certain rock outcrop 
microhabitats over others.  

We studied how marmots choose between 
different rock outcrop microhabitats by 
surveying an area in the White Mountains of 
California for marmot activity on outcrops, 
using scat as a proxy for marmot abundance 
and density. Specifically, we sought to 
determine how the size of rock outcrops and 
their proximity to each other affects the 
abundance and density of marmots that use 
them as microhabitats. We predicted that 
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larger outcrops would support more 
marmots than smaller ones, similar to the 
pattern that Svendsen (1974) found at larger 
scales. Additionally, we predicted that less 
isolated rock outcrops would support more 
marmots, because other squirrel species 
prefer to forage where there is a higher 
density of burrows to escape to in case of 
predators, and yellow-bellied marmots need 
to exercise less predator vigilance when 
foraging near many burrows (Carey 1985, 
van der Merwe and Brown 2008). Following 
from the findings of Ozgul et al. (2006) that 
habitats of higher quality support more 
marmots and that larger size habitats are of 
higher quality, we assumed that density of 
marmots would be the same across outcrops 
of different sizes if all other aspects of 
habitat quality were the same.  

METHODS 

2.1 Study System 

We conducted our study at the White 
Mountain Research Center at Crooked Creek 
Station in Mono County, California 
(37°29’43.83”N, 118°09’57.65”W). This area 
of Inyo National Forest includes subalpine 
valleys and ridges with sagebrush steppe 
and scattered granite rock outcrops. 
Specifically, we studied an area of yellow-
bellied marmot inhabited rock outcrops 
within a ~0.5 km2 area, 0.7 km SE of Crooked 
Creek Station, at ~3200 m elevation (Fig. 1). 
The outcrops within the study area vary in 
size and degree of isolation from each other. 
Forbs and grasses, which make up the 
primary diet of yellow-bellied marmots, are 
intermixed with the sagebrush steppe 
around the outcrops (Frase and Armitage 1989). 

 

Figure 1. Map of surveyed and non-surveyed sites in 
Inyo National Forest (37°29’43.83”N, 
118°09’57.65”W). Each polygon represents an entire 
rock outcrop area. Sites 1-34 (pink) were surveyed for 
yellow-bellied marmot scat and sites 35-71 (white) 
were not-surveyed but were within 50 meters of one 
of the surveyed rock outcrops. All polygon areas were 
measured in Google Earth Pro. The buildings in the 
top left corner are Crooked Creek Station.  

2.2 Scat Survey 

To understand how the size and isolation 
of microhabitat patches dictate the 
preference of yellow-bellied marmots, we 
conducted scat surveys. From August 3-5, 
2021, we surveyed 34 rock outcrops for fresh 
yellow-bellied marmot scat within latrines, 
which are scat piles marmots may reuse for 
multiple years (Elbroch et al. 2012). Scat was 
looked at as a proxy for marmot abundance 
and density. A rock outcrop was defined as a 
cluster of boulders separated by at least 10 
meters, or by a road, from other clusters. A 
latrine was defined as a pile of scat that had 
more than 15 whole scat pieces in it, 
regardless of age. At each outcrop, we 
counted the total number of latrines. 
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Additionally, we counted the number of 
whole, fresh scat pieces in up to three 
latrines per outcrop. The surveyed latrines 
were the first three latrines we found of the 
following categories: one near the highest 
part of the outcrop, one near the lowest part 
of the outcrop, and one in between. We 
defined fresh scat as pieces that were dark-
brown or black (Fig. 2). In order to find the 
total number of scats on the rock outcrop, 
we multiplied the average number of scats 
per latrine by the total number of latrines on 
the outcrop. 

 

Figure 2. Scat freshness gradient. Fresh yellow-
bellied marmot scat pieces were surveyed, and fresh 
scat was defined as dark brown or black (two right 
pieces). We defined old scat as light brown or yellow-
white (two left pieces). Yellow-bellied marmot scat 
pieces average 3.8–8.9cm in length (Elbroch et al. 
2012).  

2.3 Outcrop Size 

In order to determine the total area of 
other outcrops within 50 meters of a specific 
outcrop (outcrop isolation), we used Google 
Earth Pro to find the area of each outcrop 
and to map the ground distance between 
them. We mapped outcrop areas with drawn 
polygons. Then, we measured the shortest 
ground distance with the ruler tool between 
the border of the specific outcrop and any 
nearby outcrop. Any outcrop that was within 
50 meters of the border of the specific 
outcrop was considered to be part of the 

surrounding rock outcrop area. We created 
additional polygons to obtain the areas of 
other outcrops that were not surveyed but 
were within 50 m of surveyed outcrops (Fig. 1). 
We used the outcrop areas to find latrines 
per unit area of an outcrop (latrine density) 
and fresh scat density per outcrop (scat density). 

2.4 Statistical Analysis 

Statistical analyses were conducted using 
JMP statistical software v16. All variables 
besides total number of fresh scats per 
latrine were logarithmically transformed 
because they were right-skewed. We used 
linear regressions to test the relationships 
between: a) outcrop isolation and scat 
density on the focal outcrop, b) outcrop 
isolation and the total amount of fresh scat 
on the focal outcrop, c) the area of individual 
outcrops and scat density, d) the area of 
individual outcrops and the total amount of 
fresh scat on them, e) the area of individual 
outcrops and the total number of fresh scats 
per latrine, and f) the area of individual 
outcrops and latrine density. 

RESULTS 

Overall, the rock outcrop area 50 m around 
a focal outcrop ranged from 0 m2 to 18326 
m2. No relationship was found between the 
outcrop isolation and scat density of a focal 
outcrop (N=34, R²=0.08, P=0.1012). There 
was also no relationship between outcrop 
isolation and the total amount of scat per 
focal outcrop (N=34, R²=0, P=0.9844).  

Total rock outcrop area ranged from 16.7 
m2 to 17531 m2. As rock outcrop size 
increased, scat density decreased (N=34, 
R²=0.166, P=0.0168; Fig. 3). However, the 
total amount of scat on outcrops increased 
with larger outcrops (N=34, R²=0.534, 
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P<0.001; Fig. 4). As total area of a rock 
outcrop increased, the number of scats per 
latrine increased (N=34, R²=0.317, 
P=0.0005), and the number of latrines per 
area decreased (N=34, R²=0.297, P=0.0009). 

Figure 3. Relationship between total area and scat 
density. Scat density was a measurement of scat per 
unit area and calculated by dividing estimated scat 
per rock outcrop by rock outcrop area. Total area 
represented the entire area of a specific rock outcrop. 
As total area of a rock outcrop increased, the scat per 
unit area on that outcrop decreased. (N=34, R²=0.166, 
P=0.0168). The study was conducted in Inyo National 
Forest near the Crooked Creek Station of White 
Mountain Research Center, CA. 

Figure 4. Relationship between total area and scat 
number per outcrop. Number of scat per outcrop was 
estimated by multiplying the average scat per latrine 
at an outcrop by the number of latrines found on an 
that outcrop. Total area represents the entire area of 
a specific rock outcrop. As total area increased, the 
number of scat per outcrop also increased (N=34, 
R²=0.534, P<0.001). The study was conducted in Inyo 
National Forest near the Crooked Creek Station of 
White Mountain Research Center, CA. 

DISCUSSION 

We found that yellow-bellied marmots 
have no preference for rock outcrops that 
are close together versus isolated, which is 
surprising because of prior behavior findings 
that marmots reduce their time watching for 
predators and increase feeding time by 
foraging near clustered burrows (Carey 
1985). However, these behavioral 
differences are not reflected in area usage. 
In another ecological focus of yellow-bellied 
marmots, foraging, use of foraging areas did 
not depend on the nearby burrow density 
(Carey 1985). Our results suggest that 
marmots may prefer properties of rock 
outcrops other than isolation. Future studies 
on rock outcrop sunning area, safety from 
predators, food availability, or rock outcrop 
shape could reveal why yellow-bellied 
marmots occur more often on some 
outcrops than others. For example, a study 
could explore whether marmot abundance is 
higher on rock outcrops with higher 
surrounding vegetation coverage, since 
marmots follow this trend at larger scales in 
order to scout for predators more easily 
when foraging nearby (Carey and Moore 1986). 

We found that more marmots occurred on 
larger rock outcrops, which follows 
abundance-area relationships on larger 
habitat scales (Svendsen 1974, Armitage 
1991). However, density of yellow-bellied 
marmots decreased as rock outcrop area 
increased, showing that the marmot 
abundance does not scale proportionally 
with outcrop size. Marmot abundance as a 
function of habitat size has been previously 
explored on larger habitat scales. Armitage 
and Schwartz (2000) found that female 
yellow-bellied marmots, which do not 
disperse from home groups after maturing, 
occurred in higher abundances on larger 
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habitat patches and never in high 
abundances on small habitat patches. One 
potential explanation for this relationship is 
that yellow-bellied marmots that forage in 
groups reduce time watching for predators, 
allowing them to increase their foraging 
rates (Carey and Moore 1986). As such, if a 
rock outcrop can sustain more marmots due 
to a larger habitat area as mentioned by 
Ozgul et al. (2006), it is beneficial to the 
group to grow in number.  

Our discovery that large rock outcrops 
have more marmots but at lower density 
could be explained by competition. Armitage 
and Schwartz (2000) found that 
reproductive rate of yellow-bellied marmots 
increased with group size until an optimal 
level, after which it declined, potentially due 
to competition. Johns and Armitage (1979) 
have hypothesized that more dense central 
groups of marmots will overuse nearby food 
resources, forcing them to extend their 
foraging to risker areas further away from 
rock outcrops, which leads to increased 
predation. As a result, although marmot 
populations may increase, since larger 
habitats support more individuals as 
mentioned by Ozgul et al. (2006), marmot 
abundances do not directly increase with 
area as potential limiters such as 
competition come into play. 

While the density of latrines on a rock 
outcrop increased as the area of the outcrop 
increased, the average scat per latrine 
decreased. On larger rocks, latrines were 
closer together but were used less, which 
indicates potential differences in rock 
outcrop use and marmot behavior 
depending on size of the outcrop. One 
potential explanation for this trend is that 
searching for old latrines in large spaces may 
require more energy of marmots than 
starting new ones, so larger rocks have more 

latrines per meter with less scat in each one. 
For example, animals that use latrines for 
marking will switch from placing latrines 
around the edges of their territory to 
concentrating them in the center if the area 
becomes too large (and thus energy/time 
consuming) (Ziege et al. 2016). Future 
studies could look at small scale rock outcrop 
habitat use by exploring which parts of rock 
outcrops are used as size of the outcrop 
increases.  

As currently researched, yellow-bellied 
marmot resource use is most explored at 
larger scales (Svendsen 1974, Armitage and 
Schwartz 2000, Ozgul et al. 2006, 2009, 
Blumstein et al. 2006). However, marmots 
only make part of their habitat decisions on 
these broad levels (Guo et al. 2020). 
Although yellow-bellied marmots are an 
optimal system to explore microhabitat 
differences, microhabitat choices are not 
exclusive to marmots, and have been 
studied in other animal systems (Price 1978, 
Enstam and Isbell 2004, Hjältén et al. 2012). 
Just as in yellow-bellied marmots, studying 
the microhabitat choices of animals allows 
for a more thorough understanding of their 
habitat needs, including those of 
conservation concern (Hjältén et al. 2012, 
Guo et al. 2020). Studies on salamander, 
lark, lynx, and lizard species have all 
concluded that it is important to factor 
microhabitat into conservation decisions 
(Castilla and Bauwens 1991, Serrano and 
Astrain 2005, Podgórski et al. 2008, Searcy et 
al. 2013). Animal habitat decisions are 
closely related to animal conservation 
(Morris 2003). Obtaining a more complete 
understanding of habitat preferences allows 
for more successful animal conservation. 
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