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Abstract

We evaluated the cost-effectiveness of two solid form burrow fumigants (aluminum phosphide and gas cartridges) and three
pressurized gas-liquid burrow fumigants (methyl bromide, chloropicrin, and a methyl bromide—chloropicrin mixture) for
managing black-tailed prairie dogs (Cynomys ludovicianus). Fifty-two variable-sized plots, including 25 treatment and 25 control
burrows, were established within 13 prairie dog colonies in central Nebraska during spring 1989. Each group of 25 treatment
burrows was fumigated with one of the five fumigants according to label directions or manufacturer recommendations. All five
fumigants reduced burrow activity 95-98%, as measured by a plugged burrow technique. No significant differences in efficacy
(P = 0.453) were detected among the five treatments. Total costs for materials and labor for the aluminum phosphide and gas
cartridges, excluding application equipment, were twice ($75.00 to $96.88 ha™") the cost of the pressurized gas-liquid fumigants
($37.67 to $41.76 ha™"). Costs for the application equipment were considerably higher for the pressurized materials. Each
treatment required labor for burrow plugging, which accounted for 50-75% of the total cost. None of the products tested met
all requirements of a proposed selection criteria for fumigants. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction Virchow, 1994). Prairie dogs feed on many of the same

species of grasses and forbs as livestock (Koford, 1958;
Fagerstone et al., 1981; Uresk, 1984) and they may
remove up to 80% of the available forage through
their feeding and burrowing activities (Hansen and

The black-tailed prairie dog (Cynomys ludovicianus)
is a native species of the Great Plains region of North
America. Prairie dogs live in colonies and are recog-

nized for their ability to modify habitat by clipping
vegetation and constructing burrows. They create a
unique patchwork of prairie habitat that benefits a
variety of wildlife (Foster and Hygnstrom, 1990).
Unfortunately, prairie dogs may become a threat to
livestock production and other agricultural interests in
certain -situations (Merriam, 1902; South Dakota
Department of Agriculture, 1981; Hygnstrom and
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Gold, 1977; O’Meilia et al., 1982). Their selective feed-
ing changes the species composition of rangelands they
colonize over time (Koford, 1958; Bonham and Ler-
wick, 1976; Hansen and Gold, 1977; Coppock et al.,
1983; Uresk, 1984; Archer et al., 1987). Prairie dogs
also pose a threat to human health because they serve
as a host of the bacterial agent of plague (Yersinia pes-
tis) (Barnes, 1982, 1990). As a result, prairie dog colo-
nies have been reduced or eliminated through a variety
of means to enhance economic returns from crop and
livestock production and to reduce the threat of plague
epidemics.
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Prairie dog: management has been reevaluated in
recent. years, particularly as it relates to the role of

prairie dogs in the prairie ecosystem (Uresk; 1987; "

Whicker and ‘Detling, 1988; Miller et al., 1994; John-
son et al., 1995; Stapp, 1998). Prairie dog colonies are
used by up to 163 species of wildlife (Clark et al.,

1982; Agnew et al., 1986; Reading et al., 1989; Sharps

(Spermophilus spp.), prairie dogs, and other burrowing
rodents (Timm, 1994). Concerns have been raised

‘regarding the cost-effectiveness and ease of use of solid

form fumigants (Hygnstrom and Virchow, 1994;
Marsh, 1994), and the efficacy of these fumigants has
been highly variable (Table 1).

Current  limitations on. pesticides for managing

and Uresk, 1990) and are critical . habitat for the. —prairic dogs underscore the need for  additional

. endangered black-footed ferret (Mustella nigripes)
(Mulhern and Powell, 1993). The area of land cur-
rently occupied by prairie dogs may represent less than
10% of their historical range (Anderson et al., 1986).

The decline of prairie dog populations has been caused -

primarily by the conversion of native prairie to farm-
land and large-scale poisoning campaigns (US Fish
and Wildlife Service, 1999). In addition, outbreaks of
plague in prairie dog colonies and unrestricted prairie
dog shooting may have contributed to .the decline:
Miller et al. (1994) criticized federally-sponsored eradi-
cation programs and called for the protection of
prairie dogs under the Endangered Species Act (ESA).
The US Fish and Wildlife Service is currently conduct-
“ing a comprehenswe review of the status of the black-
tailed prairic dog to determine whether the species
should be proposed for listing as. a threatened or
endangered species. In addition, development of a
range-wide conservation strategy for black-tailed

prairie dogs has been initiated by affected state and

federal agencies and Native American Tribes.
Although environmental and conservation concerns
are necessary and appropriate, private and public land
managers feel they are justified in controlling the areal
distribution and density of prairie dogs for economic,
public health, and political reasons. A committee of
the National Academy of Sciences (1970) concluded,
‘the numerous eradication campaigns against prairie
dogs and other small mammals were formerly justified
because of safety for human health and conflicts with
livestock for forage.’ Currently, only three pesticides
(zinc phosphide, aluminum phosphide, and gas car-
tridges) are federally registered by the US Environmen-
tal Protection Agency (EPA) for use in managing
prairie dogs. Zinc phosphide, formulated as a grain
bait or pellet (2% active ingredient [ai]), has been the
most widely used toxicant for prairie dog control in
recent history (Hygnstrom and Virchow, 1994), but
concerns  have been raised over bait avoidance,
weather-dependent - effects, general efficacy, environ-
mental hazards, and labor requirements for appli-
cation. Aluminum phosphlde and gas cartridges are
solid form fumigants registered for treating the tunnel
. systems of prairie dogs and other burrowmg rodents.
Magnesium phosphide (a solid form grain fumigant)
and acrolein (a pressurized gas aquatic herbicide) are
also registered by Special Local Needs provisions in
“some western States for the control of ground squirrels

research on candidate compounds and alternative
methods. We compared the cost-effectiveness of two
solid form fumigants (aluminum phosphide [AP] and
gas cartridges [GC]) and three pressurized gas-liquid

-fumigants (methyl bromide [MB], chloropicrin [CP],
- and a methyl bromide—chloropicrin mixture [MBCP})

for managing black-tailed prairie dogs. Our null hy-
pothesis was that the mean reduction in burrow ac-
tivity would be similar across the five treatments.

- 2. Materials and methods

. .2.1. Materials tested

The two solid form burrow fumxgants tested were
Phostoxin® (55% AP ai; 3 g tablets; Degesch America,
Weyers Cave, Virginia, USA; EPA Reg. No. 40285-1),
and Six-ingredient Gas Cartridges (ai include sodium
nitrate [43.36%], charcoal [17.37%], mineral oil
[14.09%], sawdust [3.52%], red phosphoms [3.25%],
.and sulfur {0.84%]; 9 cm long x 5 cm in diameter; US
‘Department of Agriculture — Animal and Plant

~ Health Inspection Service — Wildlife Services, Poca-

tello, Idaho, USA; EPA Reg. No. 56228-2). The three.
pressunzed gas-liquid fumigants included Meth-O-
Gas® (>99.5% MB ai; Great Lakes Chemical Corp.
[GLCC], West Lafayette, Indiana, USA; EPA Reg.
No. 5785-41), Chloropic® (>96.5% CP ai; GLCC;
EPA Reg. No. 5785-17), and Brom-O-Gas® (98% MB
ai and 2% CP [warning agent}; GLCC; EPA Reg. No.
5785-42). Reference to products is for identification
only — it does not imply endorsement nor does exclu-
sion of other products imply criticism.

* Aluminum phosphide tablets function by releasing
phosphme gas (H3P) when they come in contact with
moisture in the soil or atmosphere (Ti imm, 1994). The
rate of hydrolysis of the tablets is directly proportional
to the levels of soil temperature and moisture. Com-
plete liberation of H3P will occur within 2 days at 18—
21°C and 90% relative humidity (Degesch America,
1986). The colorless gas has a specific gravity of 1.2
and it moves easily through burrows and associated
porous soils. Death in rodents results from Hs;P-
induced asphyxia at minimum levels of 200 ppm
(Timm, 1994), 10 mg m™3 for 6 h, or 300 mg m™> for
1 h (Royal Society of Chemistry, 1990).

Pyrotechnic GC consist of a capped paper tube that
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contains six ai (reduced to two in 1994). When ignited Society of Chemistry, 1990). Chloropicrin (CCI;NO,)

by a fuse, the two primary ingredients (sodium nitrate is a colorless, nonflammable, highly volatile liquid with
and carbon) produce carbon monoxide (CO), sodium a specific gravity of 1.636 at 20°C. The lachrymatory
carbonate (Na,CQOs), and nitrogen (N,) (Ramey and action of CP has led to its primary use as tear gas for
Schafer, 1996). The gases and smoke flood the burrow warfare and crowd control. Chloropicrin is detectable

and displace oxygen (O,). The inhaled CO binds with at 0.2 mg m~3. It is toxic to rodents at 32 ppm (Tigner
hemoglobin in the red blood cells and inhibits O, and Bowles, 1964) or 3.4 mg m~> for 30-60-min
transport in the circulatory system. -Exposure-of-—-—-{Royal Society of Chemistry, 1990). The MBCP exhi-
rodents to 1000 ppm of CO will result in unconscious- bits the combined chemical characteristics and toxic
ness in 1 h and death within 4 h (Timm, 1994). effects of MB and CP (Great Lakes Chemical Corpor-
Methyl bromide and CP are currently registered for ation, 1988).
the control of rodents in enclosed areas such as- ship
holds, storage bins, and warehouses (Food and Agri-

culture Organization of the United Nations, 1986; 2.2. Study area

Jacobs, 1994), but neither is registered for use on

prairie dogs. Methyl bromide (CBry) is used primarily =~  We conducted the study on 13 black-tailed prairie
as an insecticide in soil and storage facilities. The col- dog colonies in central Nebraska during March-April,
orless, nonflammable gas has a specific gravity of 1989. The colonies had been established more than five
1.732 at 0°C. Acute exposure results in pulmonary ~ years and varied in size from 2 to 20 ha. Soils were
edema, respiratory failure, cardiac arrest, and de- characterized as deep, well-drained silty soils formed in
pression of the central nervous system. The 6-h inhala- loess on uplands, or in alluvium and loess on terraces

tion LCyg for Norway rats is 17.8 mg m™> (Royal and foot slopes (US Department of Agriculture —

Table 1
Efficacy of sclected burrow fumigants for reducing rodent activity and density
Fumigant Efficacy (%) Method Species Reference
Acrolein 90 Burrow count Spermophilus beecheyi O’Connel and Clark (1992)
90 Burrow count Spermophilus beecheyi beecheyi Clark (1994)
9 Burrow count Spermophilus belingi oregonus Clark (1994)
59 Burrow count Thomomys talpoides Matschke et al. (1998)
Aluminum phosphide 100 ~ Excavation Spermophilus beecheyi Salmon and Bentley (1982)
96 Burrow count Thomomys bottae Moline and Demarias (1987)
95 Burrow count Cynomys ludovicianus Moline and Demarias (1987)
80-90 Burrow count Rattus norvegicus Krishnamurthy and Singh (1967)
69-82 Burrow count Oryctolagus cuniculus Oliver and Blackshaw (1979)
64 Burrow count Oryctolagus cuniculus Ross (1986)
36 Burrow count Nesokia indica Greaves et al. (1977)
Chloropicrin 69-82 Burrow count Oryctolagus cuniculus Oliver and Blackshaw (1979)
48 Burrow courit Thomomys bottae Miller (1954)
50 Burrow count Oryctolagus cuniculus Gleeson and Maguire (1957)
Gas cartridge (2-ai®) . 100 Excavation Cricetelus barabensis Zhi and Chang (1986)
100 Excavation Cricetelus triton Zhi and Chang (1986)
100 Excavation Mus musculus Zhi and Chang (1986)
100 Excavation Apodemus agrarius Zhi and Chang (1986)
100 Excavation Rattus flavipectus Zhi and Chang (1986)
100 Excavation Bandicota indica Zhi and Chang (1986)
100 Excavation Rattus losea Zhi and Chang (1986)
100 Excavation Marmota hymalayana Zhi and Chang (1986)
B 84 Excavation Spermophilus richardsonii Matschke and Fagerstone (1984)
77 Burrow count Rattus norvegicus Savarie et al. (1980)
76 Burrow count Nesokia indica ) Khan et al. (1991)
Gas cartridge (6-ai) 80 - Burrow count Marmota monax - Dolbeer et al. (1991)
22 Burrow count Thomomys talpoides Rost (1978)
8 Burrow count Thomomys talpoides ' Sullins and Sullivan (1993)
Magnesium phosphide 86 Burrow count Nesokia indica Khan et al. (1991)
Methyl bromide 51-58 Burrow count Thomomys bottae Miller (1954)

# Active ingredient. -
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Soil Conservation Service, 1978, 1981). Annual precipi-
tation in the region averaged 49 cm, with 25% occur-
ring between November and March (Lewis, 1989). Soil
moisture was relatively high due to the recent snow-
melt and subsequent infiltration of water into the soil.
The dominant vegetation was blue grama (Bouteloua
gracilis), associated with buffalograss (Buchloe dacty-

.. . Ioides), little bluestem (Schizachyrium scoparium), big

bluestem (Andropogon gerardii paucipilus), prairie san-
dreed (Calamovilfa longifolia) and needleandthread
(Stipa comata). Nearly all of the vegetation was dead
or dormant due to the post-winter conditions. No live-
stock were present on the prairie dog colonies during
the study. Before applying fumigants, the authors and
three field assistants searched each colony four times
for evidence of selected nontarget wildlife, using a sur-
vey protocol authorized by the Nebraska Game and
Parks Commission. No evidence of black-footed fer-
rets, swift fox (Vulpes velox), or burrowing owls (Speo-
tyto cunicularia) was observed.

2.3. Study design

Fifty-two variable-sized plots (~0.4 ha) were ran-
domly located in the prairie dog colonies, each consist-
ing of 50 active prairie dog burrows. The densities of
burrows within the plots were similar (100-120 bur-
rows ha~ l) We identified active burrows by sign of
recent prairie dog excavation and feces, and lack of
vegetation, spider webs, and debris in and around the
burrows. We treated 25 of the burrows in each plot
with one of the five randomly selected burrow fumi-
gants. The remaining 25 burrows in each plot were
untreated and served as controls. Materials were
applied by experienced two- to four-person crews as
efficiently as possible to allow for realistic cost ana-
lyses. Time periods associated with field preparation,
application, and completion, were recorded.

We applied AP according to label directions, by
inserting a polyvinyl-chloride (PVC) pipe (1.3 m long
x 5 cm in diameter) into a burrow, rolling three tablets
through the pipe and into the burrow, and removing
the pipe. To minimize loss of the fumigant, we inserted
a crumpled newspaper and packed soil into the burrow
opening to form a tight seal. The GC were applied
according to label directions, by inserting a screwdriver
into one end and stirring the contents, inserting a 14-
cm fuse into the same end, lighting the fuse, holding
the cartridge until the contents ignited, and tossing the
cartridge into the burrow, fuse end first. We packed
soil into each burrow entrance and occasionally into
adjacent burrows to minimize the loss of fumigant
from the burrow.

The MB, CP and MBCP were contained in 66-kg
pressurized cylinders mounted on the back of an all-
terrain vehicle (ATV). A regulator; 15-m long, 1.25-cm

diameter polyethylene hose; and 1-m brass wand with
a hand-operated positive shut-off valve allowed appli-
cation of the pressurized gases into the burrows. We
inserted the wand into a burrow, and shoveled soil
around it to help keep the gases in the burrow. The
release valve was opened for 2 s to inject approxi-
mately 10 cm? of product into the burrow (Food and
Agriculture Organization of the -United---Nations,
1986). We removed the wand and packed soil into the
burrow entrance to minimize loss of fumigant from the
burrow.

We used a modified plugged burrow technique (Tiet-
jen and Matschke, 1982) to determine prairie dog ac-
tivity in the treatment and control burrows. Shortly
after fumigating the 25 treatment burrows in each
plot, we plugged the entrances of the 25 untreated con-
trol burrows using the same procedure as the treat-
ment burrows. All treatment and control burrows were
marked with engineering flags to facilitate identifi-
cation. We examined the treatment and control bur-
rows in each study plot for activity 24 h later. Burrow
activity was determined by the number of burrows
opened by prairie dog excavation. Counts of reopened
control burrows were used to adjust for possible bias
in the plugged burrow counts of treatment burrows
due to non-treatment mortality, animal activity, and
observer error in identifying active burrows. The per-
cent reduction in burrow activity attributed to each
treatment was determined by the following:

1. No. of pre-treatment burrows active = ([No. of
control burrows open/25] x No. of treatment bur-
rows plugged) + No. of treatment burrows open
then,

2. percent reduction in active burrows = (No. of
treatment burrows plugged/No. of pre-treatment
burrows active) x 100 (max = 100%).

We entered the data into an Excel spreadsheet (Micro-
soft, Remond, Washington, USA) and used a one-fac-
tor analysis of variance to determine if percent
reduction in burrow activity differed among the five
fumigant treatments (Snedecor and Cochran, 1980).
The data were independent and variances among treat-
ment groups (Fuas, 9) = 2. 33) and control groups
(Fraxis, 107 = 1.81) were homogeneous.

We used a computer program developed by Cox
and Hygnstrom (1991) to model the net cost-benefit of
prairie dog control with applications of zinc phosphide
(Zn3P>) baits followed by applications of AP. The pro-
gram was designed to help ranchers, land managers,
and resource agency personnel make informed de-
cisions regarding prairie dog management. This project
was approved by the University of Nebraska Insti-
tutional Animal Care and Use Committee (IACUC
No. 88-11-004).
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3. Results and discussion
3.1. Observed efficacy and costs
All five burrow fumigants were very effective in

reducing burrow activity, with means ranging from 95
to 98% (Table 2). We failed to reject our null hypoth-

esis as no significant differences (P = 0.453) in efficacy_,

were evident among the five treatments. Variances
were small and the number of opened treatment bur-
rows per study plot ranged from 0 to 3 and opened
control burrows ranged from 20 to 25. This level of
efficacy is considerably higher than the 70% minimum
standard established by the EPA (US Environmental
Protection Agency, 1982). Tietjen and Matschke (1982)
reported that the US Bureau of Indian Affairs used an
unpublished minimum standard of 80% for the re-
duction of prairie dog activity on reservation lands.
Several fumigants have been proven to be effective
at reducing the activity of burrowing rodents, particu-
larly ground squirrels, prairie dogs, and woodchucks
(Marmota monax) (Table 1). We feel our efficacy
results were high, largely because the conditions for
our field study were very conducive to fumigant ac-
tivity. All of the plots were located in areas with rela-
tively heavy, low porosity soils and we conducted the
study about one month after snowmelt, so soil moist-
ure was high. Low soil porosity (Matschke and Fager-
stone, 1984; Ramey and Schafer, 1996) and high soil
moisture (McClean, 1981; Ramey and Schafer, 1996)
have been identified as important factors affecting the
diffusion and efficacy of fumigants in burrow systems.
Other factors affecting fumigant efficacy include: body
weight (Matschke and Fagerstone, 1984); burrow con-

figuration, burrow plugging behavior, and species tol-

erance to low levels of O, (Ramey and Schafer, 1996);
species susceptibility to toxicants, concentration and
properties of the fumigant, and duration of exposure

Table 2

Percent reduction of black-tailed prairie dog burrow activity by five
burrow fumigants, in variable-sized plots (n includes 25 treated and
25 untreated burrows), as measured by a plugged burrow technique
in central Nebraska, 1989

Burrows opened %

Fumigant n
Treatment  Controi
-x Range x Range
Aluminum phosphide 10 0.7 0-2 235 20-25 98
Gas cartridges 10 14 0-3 237 21-25 96
Methyl bromide 2 09 03 23.5 20-25 97
Chloropicrin 9 15 03 234 20-25 95

Methyl bromide-chloropicrin - 11 1.0 0-3 239 21-25 97

(Gleeson and Maguire, 1957); and timing of appli-
cation (Marsh, 1994).

The efficacy of AP in our study was similar to that
reported by Moline and Demarias in 1982. Four
unpublished reports also indicate 80-95% efficacy with
AP on prairie dogs (Boggess, Kansas State University,
1979; -US Fish and Wildlife Service, 1983a, 1983b;
Agriculture, 1984). Aluminum phosphide has been
relatively effective at reducing the activity of a variety
of rodents, with the exception of the European rabbit
(Oryctolagus cuniculus) and Nesokia indica (Table 1).
Diminished efficacy may be related to low rates of H;P
liberation under cool or dry conditions (Degesch
America, 1986). In addition, Oliver and Blackshaw
(1979) experienced low dispersal rates of HiP through
burrow systems, but reported high levels of efficacy.

We found no differences in performance of the GC
compared to the other four fumigants tested (Table 2).
Efficacy of the GC on other species of burrowing
rodents has been highly variable (Table 2). Gas car-
tridges are registered by EPA as a “General Use Pro-
duct” and therefore are much more easily .obtained
than all other fumigants, which are registered as
“Restricted Use Products.” Annual sales of GC
increased from 700,000 before 1975 to 2,000,000 after
1981, largely due to increased EPA restrictions on pes-
ticide use and registration (Matschke and Fagerstone,

' 1984). Nearly one million GC were sold in 1991 (Pack-

ham, 1992). The six-ingredient GC, which we studied,
was replaced in 1994 by the two-ingredient GC, pri-
marily to simplify reregistration procedures. Ramey
and Schafer (1996) provided an excellent review of the
development of the pyrotechnic GC. '
All three pressurized gas-liquid formulations in this
study had relatively high levels of efficacy (Table 2).
Methyl bromide has been used for fumigating soil,
grain, food warehouses, processing plants, ship holds,
cargo containers, and quarantined areas for years. The
use of MB as a burrow fumigant has not been widely
studied. Miller (1954) reported that MB was 51-58%
effective in controlling valley pocket gophers (Thom-
omys bottae). Timm (1994) reported that Berry experi-
enced success using 10 cm® of MB in burrows to kill
ground squirrels in California. We found MB to be
97% effective in controlling prairie dogs. One concern
with the use of MB is that it is essentially odorless and
colorless, which .increases the risk of human exposure,
especially in enclosed areas. Hazards associated with
outdoor applications are minimal if conducted by
trained individuals and care is taken to avoid direct
contact (Howard and Marsh, 1974). In 1992, the inter-
national treaty known as the Montreal Protocol ident-

- ified MB as a chemical that contributes to the

depletion of the Earth’s ozone layer. The EPA has im-
plemented a phase-out plan that will result in a ban on
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production and importation of MB in the US by 2005
(www.epa.gov/docs/ozone/mbr). About 43% of the
worldwide consumption of MB occurs in the US
(Anonymous, 1993). Several developing countries have
agreed to stop using MB by 2015.

Chloropicrin is being promoted as an alternative to
MB (www.msue.msu.edu/msue/imp/modcl) because it
is an effective soil fumigant and it exhibits synergistic
effects when mixed with other toxic gases. It is con-
sidered to be much safer than MB because its irritating
effect to mucous membranes makes it easy to detect
and humans could not withstand concentrations that
would be lethal. Chloropicrin reduced prairie dog ac-

tivity by 95% in our study. Efficacy on European rab-

bits and valley pocket gophers (Thomomys bottae) was
considerably lower (Table 1). We were unable to find
any studies in which CP was used on prairie dogs.
Tigner and Bowles (1964) tested the efficacy of CP as a
repellent for house mice (Mus musculus) in granaries,
but reported that it might be more useful as a toxicant.
Gleeson and Maguire (1957) noted that CP may not
be a humane tool considering the irritation that must
be endured by an animal exposed to concentrations of
CP over a long period of time. The MBCP mixture is
marketed by GLCC as Brom-O-Gas®, a commonly
used soil fumigant for nematode control. It was in-
itially considered as an alternative burrow fumigant
because of the high efficacy of MB and the added
safety of the CP as a warning agent. The MBCP was
highly effective (97%) at reducing prairie dog activity.
We were unable to locate any other studies in which
MBCP was used as a burrow fumigant.

Retail costs for the five burrow fumigants in 1990
were as follows: AP — $50.00 flask™! (500 tablets),
GC — $32.00 carton™! (100 cartridges), MB — $0.91
kg™, CP — $1.36 kg™, and MBCP — $0.91 kg~".
~ Material costs ($ ha™") for the application of AP and
GC were three to four times the cost of the three
pressurized materials (Table 3). Our costs for AP and
GC were similar to costs associate with applying acro-
lein as a burrow fumigant (O’Connel and Clark, 1992).
Zhi and Chang (1986), reported that GC were cheaper
to use than other fumigants. Gas cartridges are easier
to obtain and have fewer restrictions than other prairie

Table 3

Application costs ($ ha™' at 1990 prices) of five burrow fumigants
for managing black-tailed prairie dogs (does not include application
equipment) in central Nebraska, 1989

Fumigant Materials Labor - Total
~ Aluminum phosphide 37.50 37.50 75.00
Gas cartridges 40.63 56.25 96.88
Methyl bromide 9.54 28.13 37.67
Chloropicrin 13.63 28.13 41.76
Methy! bromide-chloropicrin 9.54 2813 37.67

dog toxicants. Material costs are provided for com-
parative purposes and are subject to change by
volume, season, year, and geographic region.

The application of fumigants, in general, has been
recognized as time consuming and expensive (Hygn-.
strom and Virchow, 1994; Marsh, 1994). The time
required to apply AP (7.5 h ha™') and GC-(11.25 h
ha™!) was considerably more than the three pressur- ...
ized gas-liquid fumigants (5.6 h ha™'). Use of the
ATV and mobile application system for the pressurized
materials reduced application times ‘considerably.
ATVs would not be practical for the application of AP
or GC. Each treatment required labor for burrow
plugging, which accounted for 50-75% of the total
cost for all fumigant applications. At $5.00 h™', the
labor costs to apply the five fumigants ranged from
$28.13 to $56.25 ha~! (Table 3). Salmon and Bentley
(1982) reported that GC required 30% more time to
apply than AP and did not achieve very effective con-
trol of California ground squirrels (Spermophilus bee-
cheyi). The time required to apply fumigants varies
relative. to burrow density and topography.

The total cost of application of AP and GC was
nearly twice the cost of either of the three pressurized
gas-liquid fumigants (Table 3). Costs for application
equipment were not included in the analysis because
they are fixed and independent of the area of appli-
cation. The equipment needed to apply AP (gloves,
PVC pipe, newspaper, and shovel ~$30) and GC
(lighter, screwdriver, and shovel ~$25) is readily avail-
able and costs considerably less than the equipment
needed to apply pressurized gases (goggles, shovel,
pressure regulator, 10-m hose, wand, ATV, trailer, and
maintenance ~$2500 to $5000). To maintain cost-
effectiveness with the pressurized materials, application
equipment would have to be rented or purchased and
used over a large area and depreciated over time.

Although costs from this study were closely moni-
tored, the short duration of the project precluded
examination of prairie dog recolonization rates. Sub-
sequently, costs associated with repeat applications
and long-term benefit-cost ratios were not reported.
Prairie dogs have repopulated colonies to initial levels
in as few as three years after poisoning (Schenbeck,
1982; Cincotta et al., 1987). Other research has indi-
cated that a >95% reduction of prairie dogs is needed
to preclude recolonization of an area within three to
five years (Knowles, 1986). Perimeter and partial treat-
ment led to recolonization in one to two years. Collins
et al. (1984) reported that prairic dog control with
Zn3P, baits (a less expensive product ~$18.75 ha™!
(Hygnstrom et al., 1998)) was not economically feas-
ible on shortgrass prairie because the annual costs of
controlling prairie dogs is greater than the annual
value of forage gained. Uresk (1985) reported that
prairie dog towns in South Dakota treated with Zn;P,
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yielded no increase in fofage production after four
years.

3.2. Modeled cost|benefit

We used a computer program developed by Cox
and Hygnstrom (1991) to model the net cost-benefit of
a recommended procedure for prairie dog control
using fall applications of Zn3P, followed by spring ap-
plications of AP (Hygnstrom and Virchow, 1994).
Comparisons of application frequency (no application;
year 1 only; year 1, 4, and 7; and year 1 and 2) were
made on hypothetical 64-ha shortgrass (SG) and
mixed-grass (MG) pastures occupied by prairie dogs
over a ten-year period (Table 4). The model estimates
population growth and areal expansion of individual
prairie dog colonies in the northern Great Plains with
adjustments for age of the colony, range conditions,
and other environmental factors. Costs include the
economic value of forage lost due to prairie dogs on
existing areas, costs of Zn;P, and AP applications, and
reduced stocking rates (in Animal Unit Months
[AUMEs)). Benefits include the value of AUMs gained
on areas with reduced prairie dog densities or AUMs
saved from the expansion of prairie dog colonies.
Cost-benefit is equal to the total benefits minus the
total costs. Uncontrolled population growth over ten
years resulted in the expected areal expansion of the
colony from 64 to 79 ha in SG and 64 to 68 ha in MG
pastures. Clearly, the most costly strategies were to
allow uncontrolled growth of the colonies (—$9,225
SG, —$8,910 MG, Table 4). Just one application of
Zn,P; in the fall and AP the following spring resulted
in positive benefit/cost ratios in both SG and MG.
The most cost-effective strategy in both SG and MG
was to apply both ZnsP, and AP during the first and
second years. This approach in SG would lead to the
elimination of all prairie dogs in the colony in two

Table 4

years with a net economic benefit of +$5,546. Eradi-
cation of a colony on MG would also be achieved in
two years with a net economic benefit of +$5,084.

Control of prairie dogs with fumigants is not always
cost-effective, but economic benefits from the model
were maximized when fumigants were used in conjunc-
tion with previous fall applications of Zn;P, bait, and
when whole colonies were treated, no neighboring
colonies were present, physical barriers inhibit immi-
gration, and mid- and tallgrass species were present.
Caution must be exercised when using economic
models because of the risk of spurious resuits relative
to potential inaccuracies in parameter values, multipli-
cative error, and violated assumptions (Maynard
Smith, 1974). The model presented by Cox and Hygn-
strom (1991) provides variables with default values
that are supported in the scientific literature. Values
can also be modified to reflect local conditions and
data. At the very least, economic output can be used
for relative comparisons of management strategies.

Fischer and Timm (1987) also recommended the ap-
plication of Zn3P, bait in the fall for managing prairie
dogs, followed by the application of burrow fumigants
in the spring. The Zn;P, application should reduce -
burrow densities by about 75%. Bait shyness and EPA
label restrictions limit the use of ZnsP, to one appli-
cation each year (Hygnstrom and Virchow, 1994). In
addition, prairic dog populations are usually lowest
before the spring birth pulse and soil moisture is rela-
tively high. Since fumigant applications cost two to
five times more than ZnsP, applications, it is economi-
cal to apply fumigants to the relatively few active bur-
rows that remain after a fall baiting program.

3.3. Nontarget effects

We observed no impacts to nontarget animals
during this study. When used according to the label,

Net cost/benefit (§ and Animal Unit Months [AUMs]) of prairie dog control using zinc phosphide (Zn3P,) baits and aluminum phosphide (AP)
on 64-ha shortgrass and mixed-grass pastures occupied by prairie dogs over a ten-year period, as predicted by a model by Cox and Hygnstrom

(1991)*
Application strategy Shortgrass Mixed-grass
Cost/benefit AUMs lost Cost/benefit AUMs lost
No treatment —9225 789 —8910 740
Zn;P, and AP during year | +1380 574 +2163 460
Zn;P, and AP during years 1, 4,7 +2317 469 + 1804 . 444
Zn3P; and AP during years 1 and 2 + 5546 285 + 5084 ‘ 256

. * Model parameters and their defauit values include: prairie dog density in shortgrass prairie (SG) = 25 ha™"!, prairic dog density in mixed-
grass prairie (MG) = 15 ha~!, colony age = 20 years, maximum population finite rate of increase = 1.99, maximum area finite rate of increase
= 1.87, forage lost to prairic dogs in SG = 90% reduction in cattle stocking rate, forage lost to prairie dogs in MG = 70% reduction in cattle
stocking rate, forage consumed by one prairie dog = 9.9 kg year™, plant clippage by one prairie dog = 3.6 kg year™', cattle-prairic dog dietary
overlap = 85%, forage consumed by one AUM = 405 kg, cost of hourly labor = 5.00 h™", cost of pasture lease = $18.75 ha™!, cost of Zn;P;
application = $18.75 ha™*, cost of AP application = $75.00 ha™', Zn,P; efficacy = 75%, AP efficacy = 98%.
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burrow fumigants are considered safe to humans and
the environment because they are applied underground
(Savarie et al., 1980). Littrell (1990) found no docu-
mentation of adverse effects associated with the use of
burrow fumigants in California and ranked AP and
GC among the least hazardous vertebrate pesticides.
Current labels clearly present methods for reducing
risks to nontarget animals (Fagerstone and Schafer,
1998). Fumigants should only be applied to active bur-
rows. Burrows that show evidence of nontarget ani-
mals should be avoided. Surveys should be conducted
for black-footed ferrets before applying burrow fumi-
gants (Hygnstrom and Virchow, 1994). Apply fumi-
gants in early spring before burrowing owls migrate
back to prairie dog colonies:

4. Conclusions

The burrow fumigants we tested were highly vari-
able in their formulation, cost, mode of action, and
ease of use, but they all reduced black-tailed prairie
dog activity >95%. Selection criteria for burrow fumi-
gants were proposed by Savarie and Connolly (1984),
which included (1) humaneness to the species in con-
cern, (2) safety to humans and the environment, (3)
availability at low cost, and (4) likelihood of regis-
tration with EPA or the US Food and Drug Adminis-
tration. An additional criteria (a preference for a solid
fumigant that is easy to handle, transport, apply, and
store) was suggested by Fiedler et al. (1990). Some of
the materials we tested excelled in certain areas, but
none satisfied all of the selection criteria. Currently,
AP and GC are registeréd by EPA, but they are rela-
tively expensive and time-consuming to use. Candidate
fumigants such as MB and CP are much less expensive
and easier to use, but questions remain about the con-
tinued availability, environmental safety, and humane-
ness. of these products. We encourage continued
rescarch on pressurized gas-liquid fumigants and
alternative methods of prairie dog management.
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