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Wildlife Specialist, 
Department of Wildlife, 
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Burrowing rodents can cause exten-

sive damage in organic production 

systems. The three most common species 

that cause damage are 

 • California ground squirrels  
(Otospermophilus spp.)

 • pocket gophers (Thomomys spp.) 
 • meadow voles (Microtus spp.)

IDENTIFICATION

Body features, activity patterns, damage 
caused, and appearance of burrow entrances 
are useful in identifying burrowing rodents. 

California ground squirrels 
Ground squirrels are grayish-brown rodents 
(fig. 1) in the squirrel family that primarily live 
on or in the ground, although they occasionally 
climb trees to access fruit and nuts. They are 
active during the day, when they move around 
foraging for food. When alarmed, they give a 
loud chirp and often drop into burrows that 

they have dug (and where they nest). Their 
burrow entrances remain open at the surface, 
often with multiple entrances within a small 
area. They readily coexist with people, creating 
burrows in and around buildings. They also 
create burrows next to trees (fig. 2) and along 
field edges, fencerows, and roadsides. Ground 
squirrels hibernate during the winter, but can 
remain active in areas with mild winters 
(Quinn et al. 2018).

Figure 1. California ground squirrel. 

Figure 2. Ground squirrel burrow entrance.

Ground squirrels can severely reduce 
seedling stands when they feed on emerging 
plants. They can kill limbs and entire trees 
through girdling activities. They feed on fruit 
and nut crops, reducing yield. They also chew 
on irrigation lines, necessitating costly repairs, 
and their burrows can disrupt irrigation sys-
tems, damage crops, lead to erosion concerns, 
and pose a hazard to farm equipment and 
farmworkers. Ground squirrels sometimes 
travel 100 yards or more to feed on crops and 
frequently create burrows in perennial crops 
such as orchards.
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Pocket gophers
Pocket gophers are gray-
ish-brown rodents, about 6 
to 8 inches in length, that 
live almost entirely under-
ground (fig. 3). They are 
best identified by the cres-
cent-shaped mounds of dirt 
on top of the soil that they 
push up when constructing 
burrows (fig. 4). Pocket 
gophers also create feeder 
holes, which are small, 
plugged burrow entrances 
lacking an associated mound 
(fig. 5). Gophers feed on 
vegetation within a couple 
of inches around this feeder 
hole, and then plug the bur-
row entrance once feeding 
is complete. Typical pocket 
gopher damage occurs 
through feeding on taproots, 
which can weaken or kill 
plants, girdling of trees and 
vines below ground, and 
mound construction, which 
can kill seedling plants and 
encourage weed intrusion. 
Pocket gophers’ burrow 
systems can channel water, 
potentially leading to severe 
soil erosion problems and 
interfering with irrigation 
water movement across a 

field. Pocket gophers chew on and damage 
subsurface drip lines, and their mounds pose 
a hazard to farm equipment and farmworkers. 
Gophers can reproduce throughout the year 

on irrigated cropland, with peak breeding 
occurring in late winter through early spring. 
Gopher control is best conducted in late fall 
through early spring due to high levels of 
mounding activity at that time (Cox and Hunt 
1992).

Moles (Scapanus spp.) are sometimes con-
fused with pocket gophers because their 
mounds often look similar, though mole 
mounds are more rounded, like a volcano, 
instead of crescent-shaped (fig. 6). However, 
moles are insectivores, not rodents, and feed 
primarily on worms, grubs, and insects. They 
do not damage plants through feeding activi-
ties, though their mounds can cause the same 
concerns that gopher mounds cause. Because 
moles do not impact plants directly, they are 
not discussed further in this publication. For 
more information about moles and how to 
manage them, please see the UC Integrated 
Pest Management (IPM) Pest Note on moles, 
ipm.ucanr.edu/PMG/PESTNOTES/pn74115.
html. 

Voles (meadow mice)
Voles (meadow mice) are small, mouse-like 
rodents (fig. 7) that dig shallow burrows and 
leave well-worn trails between burrow open-
ings in fields (figs. 8 and 9). Fresh fecal pellets 
and fresh-clipped grass can be used to identify 
active runways. Voles have dark, grayish-brown 
fur and are 4 to 6 inches in length. Their num-
bers are cyclical, with population outbreaks 
every 4 to 6 years. Voles can reproduce many 
times a year, but often have a peak breeding 
period in spring (Salmon and Gorenzel 2010). 
Damage caused by voles occurs primarily 
above ground and can include stem girdling 
and consumption of vegetation. Voles also 

Figure 6. Mole mound. 

Figure 4. Crescent-shaped pocket gopher 
mound with plug found in lower middle of 
the mound.

Figure 5. Pocket gopher feeder hole. 

Figure 3. Pocket gopher. 
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Figure 7. Meadow vole.
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Figure 8. Meadow vole burrow entrances.
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chew irrigation tubing, electrical cables, and 
pipes, damaging them. 

Two main features can be used to differenti-
ate between voles and gophers when no visual 
identification of the animal has been made. 
Voles leave open burrow entrances about 1 to 
1.5 inches in diameter—whereas gopher bur-
row entrances are usually covered with a cres-
cent-shaped mound. That said, plugs from 
gopher feeding holes will cave in once soil 
dries out, often leaving a number of open holes 
in a vineyard or orchard floor that can look 
similar to vole burrow entrances. In these situ-
ations, look for well-worn trails created by 
voles that link their burrow entrances (see fig. 
9). Pocket gophers lack such trails because they 
predominantly move below ground. Differenti-
ating between plant and irrigation damage 
caused by gophers and by voles is difficult, but 
in general, gopher damage occurs below 

ground and vole damage occurs from ground 
level to 6 inches above ground. Be aware that 
there can be exceptions to this rule, though. 

MANAGEMENT

Strategies for control of burrowing rodents in 
organic systems include biocontrol, habitat 
modification, cultural practices, exclusion, 
trapping, and shooting (table 1). Although 
rodenticide baiting and burrow fumigation are 
regularly used for burrowing rodent control 
in conventional agricultural systems, Vitamin 
D3 is the only rodenticide certified for use 
within organic systems. Even then, it can only 
be used for roof rats (Rattus rattus), Norway 
rats (Rattus norvegicus), and house mice (Mus 
musculus), and only indoors or within 50 feet 
of a structure. If the grower has a split opera-
tion, and a conventional field is adjacent to an 
organic field, the grower can use conventional 
rodenticides in the conventional field. As a 
general rule, certifiers will require a 25-foot 
buffer between conventionally approved 
products in a conventional field and the start 
of the certified organic field. Be sure to check 
with your certifier and continually monitor the 
Organic Materials Review Institute, omri.org, 
for approved rodenticides in organic produc-
tion and specifications for buffer areas. 

In the following sections, we will discuss 
how available tools can be implemented for 
management of ground squirrels, pocket 
gophers, and voles in organic production 
systems. We present these tools individually 
to facilitate discussion. That said, effective, 
sustainable rodent control generally relies on 
an IPM approach that incorporates multiple 
strategies. We will provide more details on how 

Figure 9. Meadow vole runway.

Table 1. Organic management methods that can be used for burrowing rodents
“X” indicates methods that are generally applicable and effective, while “?” indicates situations in which efficacy is unknown or varies depending 
on specific conditions. For cells without an “X” or “?,” the specified control option is not effective and/or legal for the specified species or under 
organic certification.

Biocontrol
Habitat 
modification

Cultural 
practices Baiting

Burrow 
fumigation Trapping Exclusion Shooting

Ground squirrel X X X X

Pocket gopher ? X X X ?

Vole ? X X ? X
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to implement an IPM program at the end of 
this publication. However, keep in mind that 
there will not necessarily be any single best 
strategy for dealing with damage situations in 
a given field. A creative and adaptive approach 
is often needed to mitigate rodent damage in 
organic production systems.

Understanding rodent life cycles 
The first issue to consider is the general 
life cycle of the rodent in question. Ground 
squirrels often hibernate in winter and estivate 
(undergo a period of inactivity) during the 
hottest parts of the summer (fig. 10). These 
periods are important to note because ground 
squirrel management must focus on the time 
frames when ground squirrels are active. 
Furthermore, ground squirrels reproduce in 
later winter and early spring. Young are very 
dependent on their mothers until they emerge 
above ground and start to forage on their own. 
Therefore, removal efforts targeted during 
spring are often more effective and practical 
because, at that time of year, newborn ground 
squirrels are not yet part of the population that 
has to be controlled.

Pocket gophers are active year-round. How-
ever, they mound more during late fall through 
spring when soil moisture is highest. Gophers 
are easier to find and remove during that 
time frame because mounds are easier to spot 
and soils are more friable when moist. Also, 
although gophers can reproduce year-round, 
there is often a reproductive pulse in later 

Winter Spring Summer Autumn

Major activity periods

Juveniles

Adults

Reproduction

Major food source

Green foliage

Seeds

Best time for control

Trapping

Figure 10. Major activity periods, food sources, and best time for control for 
California ground squirrels throughout the year. 

winter and early spring. Removing gophers 
before that reproductive pulse will reduce the 
number of gophers that must be removed. 
For all these reasons, large-scale management 
efforts should focus on late fall through early 
spring to minimize control efforts and maxi-
mize efficacy.

Vole numbers tend to be lowest in early 
winter to midwinter. If vole removal efforts 
are possible, control may be most effective at 
that time. Though trapping is the only removal 
effort available, it has limited utility for a spe-
cies as numerous as voles. As such, it is essen-
tial to take steps to minimize opportunities for 
vole damage in organic systems (for example, 
habitat modification and exclusion; details are 
provided in subsequent sections).

Biocontrol using natural predators
Biocontrol involves using natural predators to 
control rodent populations. The most common 
example is the use of barn owl (Tyto alba) 
boxes (fig. 11) to attract barn owl residence. 
Barn owls have long been lauded as an effective 
option for managing rodents such as pocket 
gophers, voles, and mice. One of the beneficial 
attributes of barn owls is that they are not over-
ly territorial, which allows growers to artificial-
ly inflate barn owl numbers in a given area by 
erecting more homes (that is, barn owl boxes) 
for barn owls to use. Barn owls also consume 
large numbers of rodents each year—the 
number per owl is estimated at close to 3,000 
rodents annually in California vineyards (Kross 
and Baldwin 2016)—indicating that they are 
effective predators of rodents. However, it is 
important to remember that barn owls will 
not necessarily be effective at reducing rodent 

Figure 11. Barn owl box.
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densities just because they eat large numbers of 
rodents. For example, there is no way to know 
if barn owls are consuming rodents from the 
target fields or if instead they are feeding at 
alternative sites. Likewise, rodents reproduce at 
a very high rate, allowing them to replace lost 
numbers quickly. It also bears noting that when 
competing rodents are removed via predation, 
their removal increases resources for remaining 
rodents, thereby increasing the likelihood of 
their survival, as well as the number of young 
they are likely to produce. Currently, little 
available research indicates that barn owls are 
effective as a biocontrol agent in the United 
States. On the other hand, we do not know that 
they are ineffective either. At this time, there 
is no harm in using barn owl boxes as a means 
of reducing rodent numbers; however, we do 
not know what level of benefit to expect. For 
organic producers, though, there are few good 
alternatives, so barn owls’ inclusion in an IPM 
program is likely warranted. Bear in mind that 
unoccupied owl boxes can be colonized by sec-
ondary pests such as Africanized honey bees, 
starlings, and others. Additional details on the 
use of barn owl boxes, including instructions 
on proper construction and placement, can be 
found in Ingels and Hoffman (2008) as well as 
in many free online sources, including publica-
tions by Audubon California. 

It bears noting that barn owls are not effec-
tive predators of ground squirrels because their 
respective periods of activity do not overlap 
(barn owls are active at night and ground 
squirrels are active during the day). Raptor 
perches have instead been promoted for 
ground squirrel control. However, there is little 
evidence to suggest that this approach is espe-
cially effective. Likewise, gopher snakes (Pitu-
ophis catenifer; fig. 12) are unlikely to signifi-
cantly control populations because of their low 
feeding rate—they consume perhaps as little as 
1.5 times their body mass annually (Diller and 
Johnson 1988). This is not to say that natural 
predators are not an important part of the agri-
cultural landscape. They are, and should be 
promoted to the extent tolerable to the land-
owner. They will remove offending rodents 
during the course of their hunting activities. 
However, in many or most cases—with the 
potential exception of barn owls supported by 

barn owl boxes—they will not be able to reduce 
rodent populations to a level acceptable to 
many growers. Consider predators a valuable 
part of an IPM program, but do not rely on 
them exclusively to manage your rodent prob-
lems. Regardless of the role played by raptors, 
snakes, and owls in a rodent IPM strategy, 
encouraging and supporting them can benefit 
the agricultural landscape and wildlife popula-
tions in other ways. 

Habitat modification through removing 
ground cover and controlling weeds 
Habitat modification is an important compo-
nent of most IPM programs. Habitat modifi-
cation is the process of altering the desirability 
of a given area for a particular pest species. 
This approach has varying levels of effective-
ness for differing rodent species, but may be 
most effective against voles. Voles are very 
dependent on cover; without cover they are 
particularly susceptible to natural predation. 
Therefore, removing or reducing cover from 
fields is a great way to substantially reduce vole 
damage. Cover removal and reduction can be 
implemented in many ways. For example, if 
dealing with tree or vine crops, be sure to keep 
2 to 3 feet of bare soil around the base of trees 
or vines and keep rows between trees and vines 
mowed low—preferably, less than 2 inches in 
stubble height (fig. 13). Litter produced by 
mowing, however, can form a thatch layer that 
can serve as good cover for voles. Be sure to 
keep this thatch layer away from the trunks 
of plants (Whisson and Giusti 1998). Mowing 
more frequently will minimize this thatch layer, 
ultimately helping to ease problems with voles. 

Figure 12. Gopher snake. 
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Very often, plastic mulch is used in organic 
production systems to suppress weed growth. 
These weed barriers provide ideal cover for 
voles, often leading to substantial problems 
associated with vole girdling of the stems of 
trees and vines. Removing the weed barrier, if 
possible, eliminates this problem.

Ground squirrels readily use brush and 
pruning piles as harborage sites within 
orchards and vineyards (fig. 14). Removing 
piles—both from production fields and the 
outside perimeters of fields, and preferably 
removing piles situated within 100 yards of 
fields—can help reduce damage associated with 
ground squirrels.

Cover crops are frequently planted within 
orchards and vineyards for a multitude of 
beneficial reasons. Unfortunately, these cover 

Figure 13. Mowing rows and leaving bare soil around the base of 
vines reduce likelihood of vole damage. 

Figure 14. Removing brush piles can reduce 
habitat for ground squirrels.

crops often provide food and cover resources 
that burrowing rodents need. Avoiding cover 
crops that contain legumes and associated 
nitrogen-fixing plants, as well as broadleaf 
plants with fleshy tap roots, is a good strategy 
for reducing numbers of most burrowing 
rodents. For voles, planting bunch grasses is 
a good strategy to reduce preferred cover as 
well (Whisson and Giusti 1998). For pocket 
gophers, the selection of lower-growing plants 
is preferred, as taller plants hide gopher signs, 
making identification of gopher infestations 
very challenging. 

In both annual and perennial systems, 
incorporation of cover crops—for example, 
by disking—is one of the best approaches 
for reducing rodent damage. However, when 
deciding on the timing of cover crop termi-
nation, one must take into account the status 
of neighboring fields—a newly planted field 
is very vulnerable to rodent damage and may 
become the next food source for displaced 
rodents. Before cover crops are disked, it is 
important to first manage rodents in those 
fields. Eliminating cover and food resources 
before removing the rodents could—because 
rodents would lack alternative food sources—
lead to a short-term increase in damage to the 
crop. 

Planting native California flowering plants 
(hedgerows) as habitat on field borders is 
becoming more common as a means to attract 
natural enemies for pest control, and native 
bees for pollination services, in adjacent crops. 
Although some have expressed concern that 
hedgerow plantings can harbor rodents and 
lead to food safety problems, studies have 
shown that field-edge habitat is too narrow 
on a landscape scale to serve as habitat for 
large numbers of rodents (Sellers et al. 2018). 
Rodents are everywhere in our agricultural 
lands; they need to be monitored and managed 
regardless of field-edge habitat type. Rodents 
naturally disperse, colonizing new areas that 
contain suitable cover, such as within newly 
planted field and row crops like tomato and 
alfalfa. When these fields are disked for new 
plantings, the rodents living there disperse into 
neighboring fields, seeking new places to live. 
Keep an eye out for rodent damage in all crops, 
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but especially in newly planted orchard and 
vineyard crops, which are most susceptible to 
girdling and subsequent tree and vine losses. 

Cultural practices
Two cultural practices that help reduce rodents 
are flooding fields and destroying or deep-rip-
ping burrow systems with tractor implements. 
With the water shortages frequently expe-
rienced in California, flood irrigation has 
become less common. Because flood irrigation 
can be a good tool for reducing rodent pressure 
within crop fields (Marsh 1992, 1998; Bertolino 
et al. 2015), some believe that reduced flooding 
has led to increased problems with burrowing 
rodents. If flood irrigation is still an option, 
consider periodically using it as a tool to 
help reduce problems with ground squirrels, 
gophers, and voles.

Deep-ripping of old ground squirrel burrow 
systems has been shown to substantially reduce 
reinvasion by adjacent populations of ground 
squirrels when fields are ripped to a depth of at 
least 18 inches (fig. 15). Shallower ripping 
efforts have proven to be ineffective, so estab-
lishing this minimal depth for ripping is key 
(Gilson and Salmon 1990). Burrow destruction 
should occur after ground squirrels have been 
removed from the site because burrow destruc-
tion in areas with extant ground squirrel popu-
lations has been ineffective (Gilson and Salmon 
1990). Admittedly, burrow destruction is not 
possible in perennial crop production systems 
while the crops are in place. However, this 
approach can be effectively used before 

replanting a field and on the perimeters of 
fields from which rodents often invade—so 
burrow destruction can be a valuable part of a 
long-term IPM program. 

Burrow destruction has not been tested as 
a management tool for pocket gophers, but it 
is believed to be beneficial for this species as 
well. For gophers, a best “guess” is that ripping 
efforts will need to extend for 12 inches in 
depth to ensure destruction of most burrow 
systems (Marsh and Steele 1992). 

In contrast to ground squirrels, burrow 
destruction for voles can be effective against 
extant vole populations (Jacob 2003; Baldwin 
et al. 2019). The depth of plowing and disking 
tested in studies was about 18 to 20 inches, but 
burrow destruction as shallow as 6 to 10 inches 
may be effective because of the shallower 
nature of vole burrow systems. The efficacy 
of burrow destruction at shallower depths, 
however, has not been tested. Frequency of till-
age is generally dictated by replanting efforts, 
although disking of row middles in perennial 
orchard and vine crops, where possible, might 
provide some relief (see the section on habitat 
modification, above, for additional details).

Although no-till and reduced-tillage farm-
ing practices have obvious benefits for soil 
and water conservation purposes, it should 
be noted that these practices often exacerbate 
damage associated with burrowing rodents 
(Witmer et al. 2007). Fields should be continu-
ually monitored for rodent activity, and remov-
al efforts should be employed when needed, to 
alleviate problems with these species. No-till 
and reduced-tillage farming practices may 
not be very practical in areas with consistent 
rodent pressure (for example, sites located next 
to natural habitats such as riparian zones and 
grasslands).

Exclusion through physical barriers
Exclusion using fences, root baskets, and tree 
protectors can be an effective tool to reduce 
damage caused by pocket gophers and voles; 
however, the cost and effort involved vary, 
making some options more realistic than 
others. 

Exclusionary fencing is not generally effec-
tive or practical for ground squirrels because Figure 15. Deep-ripping implements can be used to destroy old 

burrow systems.
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of their digging and climbing capabilities. For 
gophers, buried perimeter fencing around 
fields has been suggested as a potential option 
for reducing damage, but field testing has not 
shown this approach to be effective (Salmon et 
al. 1990). Wire baskets placed around the root 
systems of newly planted trees may provide 
some relief, but they are expensive and likely 
impractical over large acreage. Raised beds 
with wire bottoms are also effective at reducing 
gopher damage in backyard gardens, but are 
difficult to translate to production systems. 
Exclusionary fencing for pocket gophers is 
generally not an option for large organic pro-
duction systems. 

When properly placed and operated, alumi-
num fencing can be effective at deterring vole 
movement into fields. Fencing should be bur-
ied at least 6 inches below ground and extend 
10 to 12 inches above ground (fig. 16). Vegeta-
tion should be removed from around the base 
of the fence to keep voles from lingering 
around the exclusionary structure. If vegetation 
remains, the voles will have time to figure out a 
way around the fence, but if the vegetation is 
removed, they will be too susceptible to preda-
tion to linger. For aluminum fencing to be 
effective, as much as possible of the perimeter 
around the field must be fenced—otherwise, 
voles will simply travel down the fence line 
until they find a way in. Therefore, fencing can 
be an impediment to easy access by farm 
equipment into and out of a field. It is general-
ly most practical when fields are next to other 
cover types (for example, natural areas, alfalfa 
fields, and vegetable crops) from which 

frequent movement of voles into the organic 
fields is expected. This type of exclusionary 
approach will not eliminate problems with 
voles, but will help to slow movement into and 
out of fields. Likewise, this approach could be 
used in combination with traps or rodenticide 
bait stations that could intercept voles during 
dispersal events—but keep in mind that roden-
ticide use is not allowed within certified organ-
ic fields.

Vole damage to tree crowns can be over-
come with plastic tree protectors (fig. 17). Tree 
protectors can also help protect against sun-
burn in young trees and mechanical damage 
from weeding near tree trunks. Tree protectors 
should be buried 2 to 6 inches below ground to 
reduce vole access (Davies and Pepper 1989; 
Marsh et al. 1990). If the protector is not bur-
ied, growers can actually see an increase in 
damage as the protectors will shelter the 
rodents from predators while they feed on the 
tree cambium. 

Figure 16. Aluminum fence to slow movement of 
voles into agricultural fields.

Figure 17. Plastic tree protectors are physical 
barriers that protect trees and vines from voles. 

Trapping 
Once rodents have become established in a 
given field, trapping becomes one of the few 
tools available to remove them. Trapping has 
variable applicability for burrowing rodents; 
it is highly efficacious and fairly cost-effective 
for pocket gophers (Baldwin et al. 2016), is 
moderately efficacious for ground squirrels 
(Marsh 1994; O’Connell 1994), and is a viable 
option for voles only when numbers are low 
(Witmer et al. 2009). A threshold for the 
number of burrowing rodents that cause eco-
nomic damage has not been set and therefore 
depends on growers’ observations. 
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Pocket gophers
Numerous trap designs are available for 
gophers, but they all basically fall into two cate-
gories: 1) pincer-style traps and 2) choker-style 
traps (fig. 18). Common pincer-style traps 
include the Macabee (and associated replicas), 
the Gophinator, the Cinch trap, and the Victor 
Easyset. Examples of choker-style traps include 
the Victor Black Box, the Blackhole trap, and 
the GopherHawk. Of trap types tested, the 
Gophinator trap (Trapline Products, Menlo 
Park, California) appears to be one of the most 
effective. In particular, it has proven more 
effective than the Macabee trap (Macabee 
Gopher Trap Co., Los Gatos, California), which 
is likely the most commonly used pocket 
gopher trap in California (Baldwin et al. 2013). 
The increased effectiveness of the Gophinator 
is due to its ability to capture larger individuals 
at a higher rate. In fact, for each 45-gram 
increase in size, Macabee traps were an addi-
tional 25 to 26 percent less effective than 
Gophinator traps (Baldwin et al. 2013). If an 
individual has old stockpiles of Macabee traps, 
their effectiveness can be increased by placing a 
cable restraint (0.06 inches in diameter and 9 
inches in length) at the front of the Macabee 
trap to help keep larger individuals from escap-
ing (fig. 19). However, the Gophinator trap is 
still more effective (Baldwin et al. 2015).

For trap placement, the first step is to probe 
near a fresh mound to find the main tunnel, 
which often is on the side closest to the plug of 
the mound. The main tunnel usually is 6 to 8 
inches deep; the probe will drop quickly about 
2 inches when the tunnel is encountered. 
Because it isn’t possible to know which side the 
pocket gopher is currently using, traps need to 
be placed in as many tunnels as are present (fig. 
20). After you place the traps, you can cover 
the hole to keep light out of the tunnel. Howev-
er, covering trap sets only marginally increases 
capture efficiency when temperatures are high 
(perhaps greater than 85°F, although the exact 
impact of temperature is not known) and pro-
vides no increase in capture success at other 
times (Baldwin et al. 2013). Therefore, when a 
large number of traps are set, leaving the trap 
holes uncovered can save a substantial amount 
of time in setting and checking traps.

Figure 18. Common examples of gopher traps include the 
Cinch trap, Victor Black Box, Macabee, and Gophinator (shown 
clockwise from top left). Many other trap designs are available. 

Figure 19. Modified Macabee designed to increase capture 
success for larger pocket gophers.

Figure 20. Example of gopher trap set. 
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Various attractants have been tested to 
determine if they increase capture success. In 
general, they do not appear to do so—though, 
if covered trap sets are used, using peanut 
butter as an attractant could produce a slight 
increase in capture success (Baldwin et al. 
2014). Human scent also does not appear to 
influence capture success, so there is little 
reason to worry about handling traps with 
bare hands (Baldwin et al. 2015). Trap sets are 
typically operated for 24 hours. If no activity 
occurs in that time frame, the traps should 
be moved to a new location to maximize the 
probability of capture.

Pincer-type traps can also be placed in lat-
eral tunnels, which are tunnels that lead direct-
ly to the surface. To trap in laterals, remove the 
plug from a fresh mound and place the trap 
in the lateral tunnel so that the entire trap is 
inside the tunnel. Pocket gophers will come to 
the surface to investigate the tunnel opening 
and will be caught. This approach is quicker 
and easier to implement than trapping in the 
main tunnel. However, trapping in lateral 
tunnels may be less effective at certain times of 
the year (for example, summer) and for more 
experienced pocket gophers (for example, adult 
males).

Ground squirrels
Trapping for ground squirrels can be an effec-
tive approach to reduce numbers in a given 
area. Trapping for ground squirrels can be 
effective year-round as long as the 
squirrels are active at the time the 
traps are in use (see fig. 10). Various 
types of traps are available, but all 
fall into two categories: 1) kill traps 
and 2) live traps. Kill traps kill the 
animal upon capture. Examples 
include body-gripping traps such as 
the Conibear 110, tube traps, and 
box-type squeeze traps. Because 
these traps kill captured animals, 
care must be taken when using 
the traps; they can kill nontarget 
animals (for example, cats, dogs, 
foxes, and kangaroo rats) just as 
they do target rodents. 

In areas where nontarget cap-
tures are a concern—for example, 

where pets are present—live traps may be pre-
ferred. These are generally cage-style traps that 
house the animal unharmed. If a nontarget ani-
mal is captured, it can be released unharmed 
(Van Vuren et al. 1997). Examples of live 
traps include single-capture cage traps such as 
Tomahawk- or Havahart-style traps (fig. 21), 
as well as multiple-capture traps that allow 
multiple squirrels to be captured at once (for 
example, the Squirrelinator and the Black Fox 
repeating live trap). It is important to note that 
when using live traps, there are two options 
available upon capture. The first option is to 
let the squirrel go at the site of capture, which 
runs counter to the goal of removing ground 
squirrels from the property. The second option 
is to euthanize the ground squirrel on site after 
capture. Be aware that translocation, which is 
the transportation of wild animals out of their 
home ranges, is not legal or advisable in Cal-
ifornia for a variety of reasons. These include 
the potential establishment of problem animals 
in new areas and the potential to inadvertently 
spread wildlife diseases and parasites that oth-
erwise might not have spread.

Squirrels should be euthanized in a humane 
manner. Two practical techniques are currently 
considered humane by the American Veteri-
nary Medical Association. The first is shooting. 
This is a good solution if you are in an area 
where you can discharge a firearm (be aware 
that lead ammunition is no longer allowed in 
California; see the section on shooting, below, 

Figure 21. Example of a cage live trap frequently used to trap 
ground squirrels. 
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for additional details). The second method is 
to utilize a carbon dioxide euthanasia cham-
ber. This approach requires placing the trap, 
with a squirrel inside it, into the chamber, 
and then pumping carbon dioxide into the 
chamber until the animal passes out and 
eventually succumbs to the gas. This is an easy, 
humane, and relatively inexpensive method 
for euthanizing ground squirrels. Additional 
details on this process can be found at the 
Ground Squirrel Best Management Practices 
website, groundsquirrelbmp.com/euthanasia.
html. Drowning is no longer considered a 
humane form of euthanasia and, perhaps more 
importantly, is illegal for dispatching animals 
in California. One of the most important issues 
to understand regarding live trapping is that 
you need to know ahead of time how you will 
dispatch an animal after capture. Do not wait 
until after the animal is captured to figure out 
your euthanasia process. 

Because trapping for ground squirrels can 
be challenging, it is best when possible to plan 
trapping efforts for early in the year, before 
young emerge above ground (Marsh 1994). 
Body-gripping traps such as the Conibear 110 
are ideal for this use. These traps are set in 
the burrow entrance (fig. 22). They work best 
when the trap is flush to the surface of the soil, 
so a bit of excavation may be needed to accom-
plish this goal. Some trappers note greater suc-
cess when offsetting the trigger mechanism to 

the side somewhat to provide a less obscured 
view of the tunnel. One strategy for increasing 
the efficacy of this approach is to first plug up 
burrow entrances with soil, then come back the 
following day and set traps in entrances that 
have been reopened (Marsh 1994). One advan-
tage of this style of trapping is that the trapper 
does not need to use bait to draw the ground 
squirrel into the trap. This is especially useful 
early in the year, when ground squirrels active-
ly feed on new plant growth, making baits less 
attractive and less effective.

For all other ground squirrel traps (cage, 
tunnel, and box traps), baiting is necessary. 
These traps should be placed along ground 
squirrel runways or a few feet away from bur-
row entrances. Various baits can be used. 
Rolled oats are one of the simplest to use, but 
sometimes fresh fruit (for example, melons and 
apples), vegetables (for example, carrots and 
cabbage), and nuts work as well or better. 
Proper bait selection at a given site often relies 
on trial and error. Remember that the bait 
needs to be more desirable to squirrels than 
what they are already consuming; otherwise, 
they have no incentive to enter the trap. 

Ground squirrels are often neophobic—they 
are afraid of new things. It can take them a few 
days to build up the courage to enter a trap. 
One strategy to overcome this fear is to prebait 
traps (Marsh 1994; O’Connell 1994). Prebaiting 
is the process of applying bait to traps without 
initially triggering the traps. This gets the 
ground squirrels accustomed to feeding on the 
bait and ultimately entering the traps. Once 
you notice that the bait is regularly removed 
from the traps, it is time to activate the traps. 
By minimizing opportunities for ground squir-
rels to see other individuals captured in traps, 
this approach reduces the impact of a learned 
avoidance response and therefore can increase 
capture success on a given day. Regardless of 
the type of trap, it is a good idea to stake all 
traps down to keep scavenging animals from 
running off with them.

California ground squirrels are considered a 
nongame species in California. Therefore, you 
do not need a license to trap ground squirrels 
unless you do so for hire. However, according 

Figure 22. Body-gripping trap placed at a ground squirrel burrow entrance.
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to the California Fish and Game Code, traps 
do need to be checked on a daily basis.

Voles
Generally, trapping is only used for voles when 
a small number of voles need to be removed 
from a localized area. Otherwise, achieving 
effective reductions in vole populations 
requires too much effort. Within targeted 
areas, look for vole burrows and runways in 
grass or mulch. When trapping, place standard 
mouse-size snap traps along runways where 
voles regularly travel. The traps are set perpen-
dicular to the runway so that the trigger mech-
anism of the activated trap bisects the runway 
(Witmer et al. 2009) (fig. 23). Voles do not reg-
ularly deviate from their runways; the vole will 
run right over the trigger mechanism, allowing 
for easy capture. In fact, bait is generally not 
used with these traps sets; not only is it not 
needed, but using unbaited traps reduces the 
likelihood of nontarget capture (often song-
birds). Snap traps often have a nail (usually 2.5 
to 3 inches in length) staked through them, 
into the ground, to keep the trap from flipping 
up upon triggering. Traps should be examined 
daily. Dead voles should be removed, and 
sprung traps should be reset, as needed. Con-
tinue to trap in one location until you stop 
catching voles, then move the traps to a new 
location 15 to 20 feet away. One hundred traps 
or more will likely be required when trapping 
even a relatively small area (Salmon and 

Gorenzel 2010), so make sure that you have 
sufficient supplies on hand to engage in a vole 
trapping program.

Shooting
Shooting can be effective at controlling 
ground squirrels if the effort is consistent, but 
it is labor-intensive. But with few alternative 
options available, shooting can be an important 
part of an IPM program for ground squirrels 
in organic production systems. As mentioned 
previously, be advised that lead ammunition is 
no longer permitted for vertebrate control in 
the state of California. Lead alternatives can be 
more costly and more challenging to find for 
some firearms, somewhat limiting the utility 
of this approach. Be sure to understand and 
adhere to all federal, state, and local ordinances 
for discharging a firearm. 

DEVELOPING AN IPM PROGRAM

The best IPM programs constantly adapt to 
changing situations in a given field—and 
continual thought and evaluation are required 
to identify effective strategies for rodent 
management, especially in organic production 
systems with limited highly efficacious options. 
For example, when managing pocket gophers 
in a tree crop, you need to consider the stage 
of the orchard. If the orchard is older, trees 
can likely sustain some level of girdling or 
root consumption without too much effect on 
production. In such cases, general maintenance 
of gopher populations may be all that is needed 
(for example, occasional trapping efforts, weed 
control to reduce preferred foods, and use of 
barn owl boxes to remove some gophers). 

Conversely, if an orchard is set for replant-
ing, more attention to gopher control may be 
justified. One approach is first to remove most 
or all gophers through a trapping program 
shortly before replanting is to begin. Deep 
ripping could then be implemented to destroy 
all old burrow systems. This would provide a 
“clean slate,” allowing an effective long-term 
management program to be implemented. 
Low populations of gophers can be managed 
through biocontrol efforts such as installing 
owl boxes or raptor perches. Following initial 
planting of new trees, a regular monitoring Figure 23. Snap trap placed perpendicular to a vole runway. 
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and trapping program could be implemented, 
with gophers removed as soon as new mounds 
appear. If gophers and gopher tunnels were 
removed from the entire orchard before 
planting, new activity will mostly occur along 
the orchard perimeter, greatly reducing the 
amount of monitoring effort required within 
the orchard. As long as gophers are not allowed 
to establish themselves within the orchard 
interior, this monitoring process will remain 
relatively easy. Proper vegetation management 
is needed to allow for easy identification of 
new mounds when they appear. This cycle can 
be repeated throughout the life span of the 
orchard, minimizing concern over gophers. 
Of course, this is but one example of a poten-
tial IPM program. Many other management 
programs could be developed for gophers and 
other burrowing rodents. In organic produc-
tion systems, effective rodent management 
will rely heavily on ensuring that rodent pop-
ulations do not build up to numbers that are 
too high to effectively manage with available 
tools. Implementation of multiple strategies, 
most notably habitat modification and cultural 
practices, will frequently be the cornerstone 
of effective rodent management programs in 
organic fields.

RESOURCES

Ground Squirrel BMP Website, groundsquir-
relbmp.com
Vertebrate Pest Control Handbook, vpcrac.org/
about/vertebrate-pest-handbook/
UC Integrated Pest Management Pest Note: 
Ground Squirrel, ipm.ucanr.edu/PMG/PEST-
NOTES/pn7438.html
UC Integrated Pest Management Pest Note: 
Pocket Gophers, ipm.ucanr.edu/PMG/PEST-
NOTES/pn7433.html
UC Integrated Pest Management Pest Note: 
Voles (Meadow Mice), ipm.ucanr.edu/PMG/
PESTNOTES/pn7439.html
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