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Abstract: Many rodent species are effective burrowers. In North America, these include species of ground squirrels, prairie dogs,
marmots, and pocket gophers. The burrow systems of other species of rodents such as voles and mice are less elaborate and pose less
potential for direct damage. Burrowing abilities, coupled with other characteristics (e.g., prolific, adaptable, ever-growing incisors for
gnawing), can result in many types and amounts of impacts to human resources and ecosystems. Damage occurs to levees, roadbeds,
buried pipes and cables, intrusion to sensitive areas (such as military sites, capped hazardous waste burial sites), vegetation effects,
effects on water infiltration/runoff, and soil erosion. We describe burrow systems of select rodent species of North America and then
put them in the context of potential impacts and damage reduction methods. Population reduction with rodenticides and traps are
common methods of damage reduction. Non-lethal approaches such as barriers are another method of damage reduction, but these
pose many challenges such as effectiveness, durability, and cost. Additional research is needed to better understand rodent burrow
systems, impacts of burrow systems, and to improve effectiveness of damage reduction methods. We propose investigations of
physical barriers that are effective and economical, and note that a thorough understanding of rodent burrow systems and activities is
a prerequisite to the development of effective barriers.
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INTRODUCTION
There are over 400 species of rodents in North America
(Hall 1981). They are found in all eco-regions, from high
arctic tundra to forests, prairies, and arid deserts. They
inhabit subterranean, terrestrial, arboreal, and aquatic
habitats. Most of these species do not cause significant
problems for humans. However, many rodents have
adapted to and taken advantage of human environments,
and are considered pests in urban, agriculture, and forestry
settings. Many of these rodent species excavate burrow
systems that are used for various purposes. Other species
do not build burrow systems, but will use naturally
occurring ones or ones built by other species. Burrows
can be complex or simple. Rodent burrow systems can
result in various types of impacts to human activities or
in damage to human resources and natural resources. In
this review, we consider the main species of burrowing
rodents in North America, especially species causing
substantial damage to human and natural resources, the
characteristics and values of their burrows, the types of
impacts, and potential management options to reduce
damage.

by humans. Additionally, many rodent species will readily
use burrows created by other animals. On the other hand,
many species create their own burrow systems. These
species include ground squirrels (Spermophilus spp.),
chipmunks (Eutamias spp. and Tamias striatus), prairie
dogs (Cynomys spp.), marmots (Marmota spp.), mountain
beaver (Aplodontia rufa), pocket gophers (Geomys spp.,
Thomomys spp., and Pappogeomys spp.), kangaroo
rats (Dipodomys spp.), voles (Microtus spp.), and mice
(Peromyscus spp. and many other genera). A number of
introduced rodent species also create burrows, including
rats (Rattus spp.), house mice (Mus musculus), and nutria
(Myocaster coypus) (Fall et al. 2011). Some species
such as pocket gophers are considered to be subterranean
because they spend most of their lives underground. Most
burrowing rodents, however, are considered to be fossorial
because they spend substantial amounts of time above
ground for foraging and other activities.
Burrow systems vary greatly among rodent species
and even within a species, depending on soil type,
compaction, and depth; water table levels; aspect and
slope; vegetation type and density; latitude, etc. (e.g.,
Rhodes and Richmond 1985, Laundré and Reynolds
1993, Busch et al. 2000). Some North American rodent
species that create very elaborate burrow systems include
ground squirrels, pocket gophers, kangaroo rats, marmots,
and some chipmunk species. Perhaps the most elaborate
burrow systems are those constructed by pocket gophers
(Nowak 1999, Baker et al. 2003, Kern 2009). Elaborate
systems can involve numerous openings into the burrow
system, many branches and side tunnels, and numerous
chambers for nesting, food storage, and fecal material
storage. Portions of the burrow system must be deep

BURROWING RODENTS
Many species of rodents in North America are
burrowers, however; there are species that don’t burrow
or only burrow to a small extent (see rodent chapters in
Vander Wall 1990 and Feldhamer et al. 2003). Arboreal
rodent species such as tree squirrels (Sciurus spp.) and
porcupines (Erethizon dorsatum), along with some
terrestrial species such as wood rats (Neotoma spp.) do not
burrow or only burrow to a minor extent. For shelter and
nesting, many species prefer natural openings, logs, debris
or rock piles, trees, or other structures including those made
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enough to moderate the microclimate during freezing
or extremely hot weather periods. Not all tunnels of the
burrow system are being used at all times; some may be
plugged with soil. Some rodent species, such as pocket
gophers, are believed to patrol their entire burrow system
fairly regularly, perhaps for defense purposes but also to
make repairs. In some cases, there are lateral tunnels and
downward tunnels that dead end deep underground; these
are thought to be a defense against burrow flooding (e.g.,
Foster 1924). Additionally, mounds above ground around
the burrow openings serve several functions: a perch from
which to watch for predators, an aid in burrow ventilation,
and prevention of burrow flooding during heavy rain
or flood events. Finally, most burrow systems are open
systems in that the burrow is not plugged on a regular basis
except occasionally during periods of very cold or hot
weather (usually involving a period of winter hibernation
or summer estivation) (Marsh 1994). The exception in
North America is the burrow system of pocket gophers,
which are kept closed at all times except when the animal
is briefly out on the surface to collect food (generally at
night) or excavating a new tunnel.
Some rodent species, such as mice and voles, create
rather simple burrow systems. Simple burrow systems
often involve a linear tunnel ending at the nest site.
Nonetheless, rodents that don’t burrow or burrow very
little may cache food underground independent of a
burrow system (Vander Wall 1990).
Some examples of burrow characteristics of some of
the proficient burrowing rodent species in North America
include:
• Depth can be as great as 7 m (marmots)
• Length can be as great as 160 m (southeastern
pocket gopher)
• Diameter can be as great as 22.5 cm (whitetailed prairie dog)
• Opening diameter can be as great as 30 cm
(black-tailed prairie dog and woodchuck)
• Number of openings per unit area can be as
great as 250 per ha (black-tailed prairie dog)
• Complexity can be great: Southeastern pocket
gopher burrows have separate shallow and
deep tunnels that run parallel to the surface and
are connected by a spiraling shaft; chambers off
the shallow tunnels are for resting and feeding,
whereas the 1-5 chambers radiating off the
deep tunnel are for nesting and food and fecal
storage.

because of increased soil mixing; increased fertility of
soils from fecal material, urine, and buried plant material;
increased aeration of soils; increased microbial activity,;
and improved plant regeneration from buried seeds or
exposed soils as a seed bed (Meadows 1991, Laundré
and Reynolds 1993, Guo 1996, Cameron 2000, Simkin
et al. 2004, Reichman 2007). In many situations, rodent
burrows also provide a living place for numerous other
species of animals, both vertebrates and invertebrates
(Cameron 2000, Hoogland 2006).
Conversely, burrows require considerable energy to
construct, can become flooded, restrict the sensory cues
that animals receive, and may create a microclimate
characterized by high humidity, low gas ventilation,
low oxygen levels, and high carbon dioxide levels (e.g.,
Bufferstein 2000, Burda et al. 2007).
Because burrow systems provide many advantages,
but incur high energetic costs, vacated burrow systems
are usually taken over very soon by other species or reinvaded by members of the same species. Re-invasion
rates of >80% in a relatively short period of time have
been reported by various researchers (Witmer et al. 1996,
Berentsen and Salmon 2001, Van Horne 2007).
SOCIAL SYSTEMS AND BURROWS
Group living and the social systems developed and
maintained in rodent populations are thought to be under
the selective pressures of protection from predation,
collection and storage of food, and localization and
protection of a resource such as breeding and resting
sites (Alexander 1974, Lacy and Sherman 2007). Patchy
habitats, limited resources, and a short growing season may
also encourage sociality in rodents (Hare and Murie 2007).
Additionally, there is considerable energy conservation
by groups huddling and nesting underground (Merritt
2010). King (1984) proposed that the sociality of ground
squirrels is proportional to the value of their burrows. But
it should be noted that social systems vary widely across
rodent species and even across those species that create
and maintain elaborate burrow systems. For example,
prairie dogs (Hoogland 1995) and ground squirrels
(Murie and Michener 1984) tend to be very social whereas
pocket gophers are more solitary, with multiple animals
in a burrow system only during the breeding season or
when the female is raising young (Case and Jasch 1994,
Witmer and Engeman 2007). Additionally, Mankin and
Getz (1994) noted that the complexity of prairie vole
burrows can vary, with more complex systems built
and maintained by large social groups than the burrows
of male-female pairs. Some species such as deer mice
and voles aren’t very social, but will huddle together to
conserve energy, especially during winter months (Merritt
2010). Marmots hibernate in groups in a common burrow
called a hibernaculum (Merritt 2010).

VALUES AND COSTS OF BURROWS
Burrows provide many advantages to rodents, but
burrows also have some costs and disadvantages (Begall
et al. 2007). Some of the advantages of burrow systems
include protection from inclement weather, protection
from terrestrial and aerial predators, a favorable and
more stable microclimate, a place to store food, a place
to give birth and rear young, a place for hibernation
or estivation during seasonal extremes and low food
availability, and also a place to allow rodents to take
better advantage of underground food resources such as
roots and tubers (Meadows 1991). It has also been noted
that ecosystems may benefit from rodent burrow systems

DAMAGE BY BURROWING RODENTS
While burrows provide benefits to the burrowing
rodent species, other animals, and to ecosystems, they
can also result in various types of damage to human
structures and resources. When burrow systems occur in
agricultural fields, forest lands, or rangelands, there will
be resultant losses to crop production, forest regeneration,
209

and range plant productivity (Black 1992, Hygnstrom et
al. 1994, Witmer and Singleton 2010). The amount of
losses depends on many factors (rodent species, time of
year, surrounding land uses and habitats), but is generally
related to the density of the rodent population (Witmer
and Proulx 2010). These damages will occur regardless
of the type of burrow system; however, the presence of the
burrow system may allow rodents to be active throughout
the winter and inflict much damage during that time of
year (e.g., voles, Witmer et al. 2009; pocket gophers,
Witmer and Engeman 2007). Burrows and burrow
openings can also result in damage to farm equipment and
injury to humans and livestock. Hoogland (2006) noted,
however, that injuries to humans and livestock is not well
documented and may be exaggerated.
The burrows created by rodents can directly impact
hydraulic structures such as dams, levees, canals, and
irrigation ditches (Hegdal and Harbour 1991). The
burrowing can cause a weakening or failure of these
structures resulting in erosion, flooding, loss of water
resources, and damage to property and structures. When
rodents burrow under buildings, roadbeds, or airport
runways, they can cause structural damage. In addition
to good digging abilities, many rodent species have very
good gnawing abilities, in large part because of their evergrowing and sharp incisors (Witmer 2007). This can result
in damage to buried fiber-optic cables, electric wires, and
irrigation pipes. Archeological sites and burial sites can
also be disrupted, and hazardous waste burial vaults can
be breached.

presented in the rodent chapters of the book by Hygnstrom
et al. (1994). They also caution on some of the things that
can reduce the effectiveness of a particular control method.
For example, after consuming sub-lethal dose of an acute
toxicant, the rodent may become ill quickly enough that
it will associate illness with that rodenticide bait. In that
case, it becomes “bait shy” and won’t consume the bait
in the future. Some rodent populations develop a genetic
or physiological resistance to anticoagulant rodenticides.
Burrow fumigants may be ineffective when soils are
porous and dry. Rodents may enter periods of dormancy
during hot, dry summer weather or during winter, hence
control methods during those periods will be ineffective.
Additionally, rodents may switch feeding preferences over
the course of a year. For example, many rodents feed on
succulent, green forage in the spring and early summer,
but may switch to feeding almost entirely on seeds later
in the year. That can affect the acceptance of a particular
bait formulation.
More research is needed to improve non-lethal
approaches and to reduce the non-target animal hazards
associated with lethal approaches. One such research area
is fertility control in rodents (e.g., Nash et al. 2007). We
also need more rigorous economic analysis of the costs
and benefits of burrowing rodent damage and damage
reduction methods (e.g., Gebhardt et al. 2011). A better
understanding of rodent burrow systems in North America
would provide a better basis for developing effective
control methods for reduction of damage caused by
burrowing rodents.

METHODS TO REDUCE DAMAGE AND
POTENTIAL NEW SOLUTIONS
Damage reduction methods for rodents generally
involve lethal approaches to reduce densities using
rodenticides, traps and snares, burrow fumigation,
shooting, and burrow exploder devices (Hygnstrom et al.
1994, Witmer 2007, Witmer and Eisemann 2007, Shadel
2008). These methods and their use (location, time of
year, restrictions, etc.) are regulated by a number of state
and federal agencies, and this varies by state, county,
and municipality (e.g., Hygnstrom et al. 1994). Other
methods include flooding of orchards and field crops,
and physical disruption of burrows (Marsh 1994). Nonlethal approaches exist (barriers, repellents, frightening
devices, enhanced predation, etc.) but, in general, are not
very effective (Marsh et al. 1990, Timm 2003, Witmer
2007). In general, an Integrated Pest Management (IPM)
approach, using a combination of methods provides for
the best long-term solution (Witmer 2007, Witmer and
Singleton 2010).
A thorough understanding of rodent biology, ecology, and
their burrow systems is necessary if control measures such
as traps, toxicants, or barriers are to be applied effectively.
Many factors can affect the effectiveness of a management
technique. What works in one location may not work in
another location; what works for one rodent species may
not work for another species; and what works in one season
may not work in other seasons. This is why having a variety
of “tools” in the IPM toolbox is so important.
Examples of advantages and disadvantages of various
methods for controlling rodent populations and damage are
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