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ABSTRACT

Vegetation and soils were evaluated on a blackdarairie dogCynomys
ludovicianus) colony and adjacent non-disturbed mixed-grassigria central South
Dakota. The study’s objectives were 1) determiffieidinces in plant species diversity and
richness, and selected soil quality parametersdmtvprairie dog colonies and adjacent
non-disturbed sites, and 2) evaluate impacts ofiprdogs on water infiltration rates.
Three soil series were evaluated representing #oelgical sites (Opal, Cabba, and
Wayden). Plant species richness was higher o@dmérol on Opal soils, while being
lower on the Control on Cabba soils. Lower soilgil higher nitrate concentrations were
found on the prairie dog town for Opal and Cabhiks s®ar the soil surface, close to the
prairie dog mounds. These findings show prairig id@pacts on soil parameters can vary
across different soil types, which can affect theiity and richness of vegetative

communities within prairie dog colonies.
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CHAPTER 1. INTRODUCTION AND LITERATURE REVIEW

Introduction

Black-tailed prairie doggdynomys ludovicianus) historically occupied 40 million
ha of short and mixed-grass prairie in the GreainBl(Hoogland 1995), from northern
Mexico to Southern Canada and from the Rocky Manrftothills east to the tall grass
prairies (Nelson 1919). However, over the pastugrihe prairie dog population has
decreased to a point where they occur on aboupeseent of their original range, and in
the Northern Great Plains this covers approximae3y8 knf (Sidle et al. 2001).
Reasons for this decline are attributed to lodsatiitat, eradication programs, and disease
such as the plague (Cully and Williams 2001).

Black-tailed prairie dogs can have a major impaceocosystems. The impact
prairie dogs have on an ecosystem can also aftectolther wildlife species utilize prairie
dog towns. Coppock et al. (1983a) observed higheygen andn vitro dry matter
digestibility on prairie dog towns as opposed tf@aeent no-colonized areas. These
increases in nutrition quality attracted wild uragek to actively select prairie dog towns
for grazing (Coppock et al. 1983b). Agnew et 4886) found bird and small mammal
densities higher on prairie dog towns than the@atsd no prairie dog town areas.

One major impact prairie dogs have on an ecosystehey alter the vegetative
communities. Prairie dogs will continuously fdletvegetation located within their town
as a defensive measure (King 1955) as well as@&doarce. Since prairie dogs
preferentially select graminoids as a food souHangon and Gold 1977), there tends to
be a shift in the vegetative community from granisdo forbs (Coppock et al. 1983a).

Along with this shift in the vegetative communitiete is an increase in plant species



diversity and richness in the community of youngeirie dog towns; however, as the dog
town ages the plant species diversity and richdesbne to pre-colonized levels (Archer

et al. 1987). The amount of litter and bare gropresent on the prairie dog town also
follow this trend. As a prairie dog town ages #émeount of litter present decreases and
amount of bare ground increases. This increabarn@& ground can influence the amount of
water runoff and amount of water infiltrating irttee soil.

Prairie dogs also impact the ecosystem from thairdwing activities. These
impacts can have an effect on both the vegetatidrsail properties. They can influence
vegetation through their clipping of belowgroundtoand stems. Impacts in the soill
include increasing soil pH and phosphorus, whileréigsing soil nitrogen (Carlson and

White 1987, Carlson and White 1988).

Literature Review

Black-tailed prairie dogsdynomys ludovicianus) are one of five prairie dog
species that inhabit the North American continéftiey are burrowing rodents that live in
large colonies, or towns, that can extend for nfaggtares (ha). Originally the black-
tailed prairie dog inhabited areas ranging fromttilegrass prairies west to the foothills of
the Rocky Mountains, and from Mexico north into theun Canada (Hall 1981, Agnew et
al. 1986). Black-tailed prairie dogs are most camrnm the short grass and mixed grass
prairies of these regions and are not typicallynsgeslevations above 1830 meters
(Hoogland 1995).

Prairie dogs tend to select locations for burroasell on topographical features

(slope and aspect) and soil texture. Prairie dignies are typically located on slopes less



than 7% and areas where the soils are deep, walaj®ed, and the threat of flooding is
minimal (Dahlsted et al. 1981). They select rgkdlij flat areas to detect predators easier
than areas with greater slope (King 1955). Howea®ithe colony expands, they will
utilize areas with greater slope even thoughritisoptimal habitat (Koford 1958). The
aspect, or the direction the hole faces, is alsfepentially selected by prairie dogs,
especially at the northern latitudes (Koford 195BJairie dogs tend to select areas that
face south; both as a food source, since the vieget@ceives more sunlight and for
warmth, since prairie dogs are active throughoetyar. Soil texture also plays a role in
the areas prairie dogs select. The soils musapalie of supporting the burrows, so they
cannot be prone to collapse or flooding (Osborm21 8ford 1958). Reading and
Matchett (1997) found that clay-loam and loam saise soil textures preferred by prairie
dogs.

The black-tailed prairie dog is the most numerau$ widespread of the five
species (Hall 1981, Hoogland 1995). Historicafisgirie dog populations were estimated
to be as high as five billion (Seton 1929, Cost&Bd0) occupying 40 to 100 million ha in
North America (Nelson 1919, Miller et al. 1994)wever, these numbers are continuously
debated (Vermeire et al. 2004). Vermeire et alo@@rgued that 40 million ha is the high
end of their range due to anthropogenic influenadmch helped to expand prairie dogs
eastward into the tall grass prairie.

Currently, black-tailed prairie dogs are estimatedover approximately 2,378 Km
in the Northern Great Plains, which is about 2%hefr former range (Sidle et al. 2001).
Primary causes for the decline in black-tailedqgadog populations are attributed to

habitat loss, eradication programs, and diseadeasiplague (Cully and Williams 2001).



With the reduced population, habitat fragmentattoa concern. With these fragmented
populations, problems may arise from diseases, |ptpn immigration, and reduced
genetic exchange (Wilcox and Murphy 1985).

Prairie dog towns create habitat utilized by défgranimal species such as
mammals, reptiles and birds. Kotlier et al. (198@)sider prairie dogs a keystone species,
due to the fact that they have a profound effeabttver species and the biological diversity
in their ecosystem. Some species utilize praioig wns their whole lives, while others
live on prairie dog towns but are not dependerthem for survival. Prairie dogs are prey

to some species, while others utilize the burrosvsheelter (Kotlier et al. 1999).

Vegetation

Black-tailed prairie dogs have a major impact ogetation. These impacts come
from the clipping of aboveground and belowgroundctres of the vegetation. Prairie
dogs will clip the aboveground vegetation as a rmedmefense, so they tend to keep the
vegetation short (King 1955). The vegetation soalsed as a food source. Accordingly,
prairie dogs constantly graze vegetation throughttweiyear (Winter et al. 2002).

Black-tailed prairie dogs prefer to consume grangsover forbs (Hanson and
Gold 1977), however they will consume forbs (Fatgers et al. 1981) especially later in
the season when graminoids are not as nutritiouss@J1984). Uresk (1984) found black-
tailed prairie dogs diet consists of up to 87% gremals, 12% forbs, and 1% shrubs,
arthropods and seeds. Sixty five percent of teewlas four plant species or genera: sand
dropseed$porobolus cryptandrus), sedge Carex spp.), blue gramaBputeloua gracili)
and wheatgrasseBdscopyrum spp.) (Ursek, 1984). The most dominant forb sgseci

found in black-tailed prairie dog diets was scaglebemallow Sohaeralcea coccinea)



(Fagerstone et al. 1981, Uresk 1984). Even thquginie dogs utilize vegetation as a food
source, most of the vegetation felled within a oglcs for defense and to aid in
communication (King 1955).

There are grazing induced differences in vegetatnreposition between prairie
dog towns compared to areas outside prairie doggow hese differences were also
influenced by the age of the colonies (CoppocK.et383a). Coppock et al. (1983a)
found younger colonies had the least vegetativenbgs, while the older colonies had
biomass similar to areas not affected by prairigsdo

As a prairie dog colony ages and the time thatdatw has been under continuous
heavy grazing pressure increases, the amount efgsaund increases and amount of litter
decreases (Archer et al. 1987). This increasaia ground is due to prairie dogs
continuously felling the vegetation material. Hayan increase in bare ground can help
facilitate seedling germination, which can creatkish of annual forbs. An increase in
bare ground can also promote runoff, which in &an increase soil erosion. With this
increase in runoff there could be less water nafilbg into the soil. There also may be an
increase in the evaporation rates on these sitehéf et al. 1987). These changes could
lead to lower water availability rates in theseaare

Plant species composition on rangeland is influérgeprairie dogs. Archer et al.
(1987) found plant species diversity and richneas greatest on the younger colonies and
as the colonies aged the diversity and richneséngeic The increased diversity can be
attributed to a dominance of graminoids off colom\s prairie dogs colonize an area,
graminoids decline; however, forbs increase astefaate. As a colony ages the

graminoids decrease and towns become dominatearby, fthereby reducing species



diversity and richness. Graminoids comprised @rethian 85% of the total biomass of the
plant community on areas not impacted by prairigsd@oppock et al. 1983a). However,
in older prairie dog colonies, biomass quantity wsiasilar to the non-colonized area, but
forbs and shrubs comprised 95% of the total bioma$ere is a shift in the vegetation
height from mid-height grasses in non-colonize@sréo short-grass and forbs species on
the prairie dog town (Winter et al. 2002). As gesare grazed and the number of grass
species decline, the plant community shifts towgaekses adapted to herbivory. These
adaptations include grasses that are short inretgiassess sharp tipped awns, and have a
growth characteristic of sprawling.

Changes that occur in the vegetation, from gramdidoiminated systems to forb
dominated systems, also occur in the soil seed (featknestock et al. 2003). Along with
increases in forb species, there is a tendencefatively poor forage quality species.
These species replace highly palatable specié®iaded bank, which could indicate if
prairie dogs were removed from the system the tawang not rapidly go back to the
original ecosystem prior to prairie dog colonizatio

Buckhouse and Colthrop (1976) found grazing mayseore soil moisture due to
the removal of transpiring leaf tissue. This wolglad to increased water potentials, which
would allow the remaining tissue of grazed planthdve a higher growth rate in areas
where grazing does not occur (Wolf and Perry 1982her and Detling (1986) found no
differences in water potential on and off of praidiog towns. This was true even though
the root biomass was less on the prairie dog coleoiytemperatures were greater on the
town, and ungulate grazers may have increasedutkalbnsity on the prairie dog colony,

potentially reducing water infiltration rates. &ugimilarities may have been due to lower



amounts of live standing biomass on the prairie cldgny, which reduced the amount of
water lost to transpiration. This reduction imspiration may have promoted soil water
retention.

Exotic plant species are those plants not pres@ntte European settlement.
These species have invaded areas over time andheaility to spread and invade an
area. Fahnestock et al. (2003) found prairie dags harbored more exotic species such
as field bindweedGonvolvulus arvensis), Russian thistleSalsola iberica), and prickly
lettuce (actuca serriola). The increase in the number of exotic specidéi&ety due to the
increase in bare ground, which can facilitate geation of these invasive plant species.
However, even though there was an increase inuhebar of exotic species, they also
found exotics were not dominant on the prairie tivgns (Fahnestock et al. 2003).

Under heavy continuous grazing pressure, changas otthe plant population.
One change is a tendency of the plant communighiib from a tall and mid-grass plant
community to a more short-grass community. Anotiemge is from being tall and erect
in lightly grazed areas to being short and morestpate in these more heavily grazed areas
(Gregor and Sansome 1926, Kemp 1937, Hickley 19&hgse shorter and more prostrate
forms have a tendency to produce more tillers@sponse to grazing. The differences
between the shorter more prostrate plant populstama the taller more erect populations
can be the result of plastic responses to gramvhgye if the grazing was to be removed
then the shorter prostrate plants will once agairt growing taller and more erect (Quinn
and Miller 1967). However, sometimes these difiees can be genetic differences after
many growing seasons, with the shorter more prigspiants remaining. After two

growing seasons in a greenhouse western whea{@as®pyrum smithii) from a prairie



dog town maintained the short prostrate growth fand more tillers due to the heavy
grazing compared to the grass phenotypes colletted the prairie dog town remaining
taller and more erect, with fewer tillers (Detliagd Painter, 1983). This finding suggests
the two populations of western wheatgrass weréndist

A good proportion of the net primary productioriaand belowground in grassland
systems (Sims and Singh 1978). Since the belowgronoting system is usually the
means in which plants acquire nutrients, any disoagn the soil profile will influence
aboveground plant dynamics. With the burrowingvétas of the prairie dog, as well as
any clipping of belowground plant materials, thisran impact in nutrient flow to
aboveground biomass. This limited flow furthertriess the amount of aboveground
production (Sims and Singh 1978).

Prairie dogs can also influence the forage quality plant nutrient content of
vegetation. In ungrazed rangeland the shoot retrampntent usually decreases as plants
age and mature (Kamstra 1973, Kilcher 1981). Riantent digestible dry matter follows
a similar trend as plants age and mature (Bur2@ffl). When grazing is introduced, both
shoot nitrogen content and percent digestible datten can increase (Jameson 1964,
Kamstra et al. 1968). The same pattern holdsitrpeairie dog towns (Coppock et al.
1983), where plants tended to be more digestibdehane increased shoot-nitrogen
concentrations than areas off town. The intenaeigg of prairie dogs maintains plants
with younger leaves resulting in lower carbon:agen ratio of aboveground biomass.
Prairie dog herbivory does not alter the neutrétidgnt fiber or acid detergent fiber when
compared to areas that are not colonized by praags (Johnson-Nistler et al. 2004).

Furthermore, prairie dog activity did not reducenieellulose, cellulose, or lignin



fractions within plant communities compared to pleommunities not grazed by prairie
dogs (Johnson-Nistler et al. 2004).

Some animal species favor the habitat created @ngdog towns due to the
increased plant digestibility and nitrogen avaliidpfound in the vegetation. Ungulates
such as bisorBjson bhison), elk (Cervus canadensis), and pronghornAntilocapra
americana) preferentially graze on prairie dog towns (Coppetal. 1983b, Wydeven and
Dahlgren 1985, Krueger 1986). Coppock et al. ()&bserved bison spend
approximately 40% of their time on prairie dog t@ywith the immature grass parts of the

town most utilized for grazing.

Soils

A key component of rangelands is soils. Soilsamy provide a physical medium
for vegetation, they also provide water and nutgéar plants to grow. Likewise,
vegetation plays an important role in soil develepin Vegetation cover promotes water
infiltration (Brady and Weil 2008) and decreasesaftiand soil erosion (Holechek et al.
2004). With the grazing habits of black-tailedipeadogs, there may be less vegetation to
intercept precipitation, which could lead to ined runoff.

The process of mineralization makes nutrients afslel for use by plants (Schaetzl
and Anderson 2007). Nitrogen mineralization ratese found to be higher on areas
affected by prairie dogs compared to areas witpaaitie dogs (Holland and Detling 1990,
Fahnestock and Detling 2002). Higher nitrogen maleation rates may have been the

result of both increased inputs of nitrogen anddased nitrogen availability (Fahnestock

and Detling 2002), with increased inputs from uramel fecal material and greater nitrogen



availability resulting from the growth of plantstivia low C:N ratio in aboveground
biomass (Fahnestock and Detling 2002).

Prairie dogs can also affect rangeland due to theiowing activities. When
prairie dogs make burrows and keep them intacy, &ne constantly mixing the soil. Soil
mixing occurs as prairie dogs excavate soil fromdohorizons and deposit it on the
surface and as a result of soil falling into therbws from the burrow opening. Soils from
deeper depths usually have different properties siwél found at the surface. Carlson and
White (1988) found soil colors on the mound weghter than soils away from the mound.
This change in color was due to the lighter colmeitifrom deeper in the solil profile
being brought to the surface and mixed with daskeface soils. They also found soil
texture was more variable on mound soils due tgtheing of below ground soils.

Inversion of soil horizons by prairie dogs may dlsftuence soil pH. Soil pH at
the surface close to the burrow has been founeé tudher than areas not on the mound
(Carlson and White 1987, Carlson and White 1988yher pH was a result of the soil
parent material, which was calcareous and natulédlly in pH, brought to the surface and
deposited, then mixed with non-calcareous surfads. sAs the distance increased from
the mound, pH gradually decreased as the effettteo$oil mixing dissipated. As the age
of the prairie dog burrow increased, a decreaseiirpH occured due to the leaching of
carbonates from the mixed soil and acidificatiamnirnitrification and mineralization
(Carlson and White 1988).

Prairie dogs can also affect soil nitrogen and phosus as a result of their
burrowing activities. Nitrogen was found to besles the surface of the soils near prairie

dog mounds; however, nitrogen content was sintilasughout the soil profile (Carlson
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and White 1987). Soil phosphorus levels were higinethe mound compared to adjacent
off-mound soils, and decreased with increasingadist from the hole (Carlson and White
1988). Increased soil phosphorus on prairie dogrds was attributed to the
accumulation of fecal material and bones. Thedemads are rich in phosphorus and are
usually deposited near the mound surface or itbtleow, where they can be brought to

the soil surface over time.
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CHAPTER 2. EFFECT OF PRAIRIE DOG (CYNOMYS LUDQVICIANUYS)
COLONIZATION ON THE PHYSICAL AND CHEMICAL PROPERTIES OF

SELECTED SOILSIN THE NORTHERN GREAT PLAINS

Abstract

Vegetation and soils were evaluated for threessmikes on a black-tailed prairie
dog Cynomys ludovicianus) colony and adjacent non-disturbed mixed-grassiera
north central South Dakota. The objectives of #igly were to evaluate 1) attributes of
plant species diversity and richness, and 2) ssdesbil quality parameters between prairie
dog colonies and non-prairie dog disturbed sitésed soil series evaluated were a deep
clayey (Opal), shallow loamy (Cabba), and shalltayey (Wayden) ecological sites.
Vegetation was clipped by species to evaluate spehness and diversity in 2010 and
2011. Soils on the prairie dog town were collectedepth increments of 0-10, 10-20, 20-
30, 30-60, and 60-100 cm increments at distanc88,080, and 120 cm from the center of
prairie dog burrows and compared to soils on adjacen-disturbed sites in 2010. Plant
species richness was higher on the control in 201lthe Opal soil series, while richness
was higher on the prairie dog town on the Cabblesgoies. Species diversity was higher
on the control on the Opal soil series in both 2840 2011 and the Wayden soil series in
2010. On the Opal soil series, pH was higher erctintrol near the soil surface at 30 and
60 cm from the hole center, while on the Cabbasmikes pH was higher on the control in
the middle depths at 30, 60, and 120 cm from the tenter. Soil nitrate levels were
higher on the prairie dog town on the Opal and Veéaysbil series near the soil surface at
30 and 60 cm from the hole center, while on theb@adwil series soil nitrate was higher on

the prairie dog town at the 120 cm distance froenttble center. Total nitrogen was
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higher on the prairie dog town on the Cabba soiesaleeper in the soil profile 30 and 60
cm from the hole center. Findings from this stedggest prairie dog affects on soil

properties will differ based on inherent soil ddtries within ecological sites.

Introduction

Black-tailed prairie dogsdynomys ludovicianus) historically occupied 40 million
ha of short and mixed-grass prairie in the GreainBl(Hoogland 1995), from northern
Mexico to Southern Canada and from the Rocky Maunrfteothills east to the tall grass
prairies (Nelson 1919). However, over the pastw®grthe prairie dog population has
decreased to a point where they occur on aboupeseent of their original range, and in
the Northern Great Plains this covers approximae3y8 kn? (Sidle et al. 2001).
Reasons for this decline are attributed to lodsatiitat, eradication programs, and disease
such as the plague (Cully and Williams 2001).

Black-tailed prairie dogs can have a major impaceocosystems. The impact
prairie dogs have on an ecosystem can also afteciother wildlife species utilize prairie
dog towns. Coppock et al. (1983a) observed highieygen andn vitro dry matter
digestibility on prairie dog towns as opposed t@@eent no-colonized areas. These
increases in nutrition quality attracted wild uragek to actively select prairie dog towns
for grazing (Coppock et al. 1983b). Agnew et 8886) found bird and small mammal
densities higher on prairie dog towns than the@ated no prairie dog town areas.

One major impact prairie dogs have on an ecosyi&éhey alter the vegetative
communities. Prairie dogs will continuously fdietvegetation located within their town

as a defensive measure (King 1955) as well as@dgoarce. Since prairie dogs
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preferentially select graminoids as a food sourangon and Gold 1977), there tends to
be a shift in the vegetative community from granmisdo forbs (Coppock et al. 1983a).
Along with this shift in the vegetative communitete is an increase in plant species
diversity and richness in the community of youngeirie dog towns; however, as the dog
town ages the plant species diversity and richdesbne to pre-colonized levels (Archer

et al. 1987). The amount of litter and bare gropresent on the prairie dog town also
follow this trend. As a prairie dog town ages #émeount of litter present decreases and
amount of bare ground increases. This increabarn@& ground can influence the amount of
water runoff and amount of water infiltrating irttee soil.

Prairie dogs also impact the ecosystem from thairdwing activities. These
impacts can have an effect on both the vegetatidrsail properties. They can influence
vegetation through their clipping of belowgroundtoand stems. Impacts in the soill
include increasing soil pH and phosphorus, whilereigsing soil nitrogen (Carlson and
White 1987, Carlson and White 1988).

There is an abundance of information on the ingppririe dogs have on the
vegetation community; however, there is a lacknédrimation on the impacts of the
associated soils, especially at different depffise objectives of this study were determine
1) differences in plant species diversity and retsiand 2) selected soil quality parameters

between prairie dog colonies and non-prairie detudoed sites.

Study Area

Location and Land Use

The study was conducted 16 km southeast of McLaughbuth Dakota on the

Standing Rock Indian Reservation in Corson Couiiiye study area is approximately
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1400 hectares of both private land and leased tabd. The ranch has been under current
management since the early 1940’s. Historicaltigre were approximately 300 head of
cattle and 100 head of horses that grazed the leiodvever, cattle have been absent since
2009 with ranch currently grazed by approximatélyh@ad of horses. The prairie dog
population on this land occupied two small townsipdsing six to eight hectares in the
early 1950’s. The prairie dog population graduailyreased on both of the towns starting

in 1985. Currently, prairie dogs occupy over 8@@tares of the ranch.

Climate

The study area is characterized by a continental-aed climate, with hot
summers and cold winters (Heil 1995). The 30-ys@an annual precipitation for
McLaughlin, SD is 455 mm, with 83% of the precipida occurring from April through
October (ACIS, 2012). The peak precipitation msrdare May through August, with 58%
of the annual precipitation occurring during thesipd. The mean annual temperature is
6.5°C.

Temperatures were similar to the 30-year mea®ir®2with the exception of
February and December which was slightly lower thegrage (Table 2.1; ACIS, 2012).
Greater precipitation was received at the studyigi2010 compared to the 30-year
average. The winter months of January and Decerabavell as September, were wetter

than normal and October and November drier thamab(Table 2.2).
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Table 2.1. Mean monthly temperature (°C) for McLaughlin, South Dakota2640 and
the 30-year mean (ACIS 2012).

30 Year Mean Monthly

Month Mean Temperature Temperature
January -12.0 -10.1
February -12.8 -7.0
March 0.6 -1.4
April 9.1 6.5
May 11.2 13.1
June 18.8 18.5
July 21.9 22.2
August 22.3 21.2
September 13.5 15.1
October 9.4 7.7
November 2.1 -0.9
December -11.1 -8.1
Average 5.7 6.4

The mean monthly temperature determined using rde#ytemperatures.

Table 2.2. Monthly precipitation (mm) for McLaughlin, SouthaRota for 2010 and the
30-year mean (ACIS 2012).

Month Monthly Mean 30 Year Mean
January 21.3 11.8
February 7.4 13
March 11.7 26
April 76.5 41.6
May 93.0 72.3
June 52.8 81.1
July 63.5 55.9
August 43.9 54.5
September 78.7 34.6
October 5.3 36.6
November 8.6 13.1
December 30.5 14.1
Total 493.2 454.6
Vegetation

Three soil series (Opal, Cabba, and Wayden) weéeetsd for this study, each
supporting a different plant community. The Opal series was classified as a clayey

ecological site with a current plant community astern wheatgrasB®gscopyrum
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smithii), blue gramaBRoutel oua gracilis), sedgesarex Spp.), fringed sagewort
(Artemisia frigida), and prostrate knotweeBd|ygonum aviculare) on both the prairie dog
town (PDT) and Control sites (off the prairie dogvh). The clayey ecological site had a
historic climax plant community (HCPC) of green diegrass (Nassellridula) and
western wheatgrass. Under heavy, continuous sdasgrgrazing the green needlegrass
decrease and blue grama and buffalogragsh{oe dactyloides) increase (USDA-NRCS
2012d).

The Cabba soil series was classified as a shatlamy ecological site with a
current plant community of western wheatgrassripranegrassiKoeleria macrantha),
blue grama, sedges, fringed sagewort, and dand@lasaxacum officinale) on the Control
site. On the PDT, the plant community comprised/e$tern wheatgrass, blue grama,
green needlegrass, sedges, fringed sagewort, detexizetus unifoliolatus), and
sweetclovereilotus spp.). The HCPC for the shallow loamy ecological svees
western wheatgrass, needlegrass, and plains mMilyi¢nbergia cuspidata) (USDA-
NRCS 2012f).

The Wayden soil series was classified as a shallayey ecological site with a
current plant community of western wheatgrassrigrainegrass, blue grama, needle and
thread Hesperostipa comata), green needlegrass, Kentucky bluegr&ss fratensis),
yellow coneflower Ratibida columnifera), deervetch, curlycup gumwee@r{ndelia
sguarrosa), silverleaf scurfpeaRediomelum argophylla), and Indian breadroot
(Pediomelum esculenta) on the Control site. The dominant species wezstarn
wheatgrass, blue grama, deervetch, wooly planRian{ago patagonica), fetid marigold

(Dyssodia papposa), and woodsorreld@xalis corniculata) on the PDT. The HCPC for the
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shallow clayey ecological site was western wheatgyead warm season mid grasses

(USDA-NRCS 2012e).

Soils

Opal soils are classified as fine, smectitic, mésiptic Haplusterts (USDA-NRCS
2012h). This solil series is found primarily in tehSouth Dakota, mostly west of the
Missouri River. Opal soils are moderately deepe ftlays found on gently sloping terrains
with a 0-25% slope formed from clayey residuumgetifrom shale parent material. This
soil series is well-drained with medium to verynmginoff, depending on the slope, and
very slow permeability; however, after periods odubht, permeability may be rapid due
to large cracks in the soil. Opal soils are foondhe backslope, with the down slope
shape linear and the across slope shape convimety (USDA-NRCS 2012hb).

The typical pedon for this soil series containsfti®wing horizons: A, Bssl,
Bss2, Bkss, Cyz1, Cyz2, Crl, and Cr2 (USDA-NRCS2K)1 The A horizon is five cm
thick and grayish brown clay, with moderate medamd fine granular structure. There
are many fine and medium sized roots found inhbiszon. The Bss1 horizon is about 20
cm thick and grayish brown clay. The structuréhag horizon is moderate medium and
coarse subangular blocky. There are many finena@dium roots associated with this
horizon. A characteristic of this horizon is thregence of nonintersecting slickensides,
with cracks 1.25 cm wide. There are 1% pebblesgmieand a slight effervescence,
indicating carbonates present. The Bss2 horizdh ism thick and grayish brown clay.
There is weak coarse prismatic structure thatnisngato moderate medium and coarse

subangular blocky structure. Fine and medium raggscommon, but there are less than

the above horizons. There are many prominentsdatging slickensides with cracks 2.5
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cm wide and a strong effervescence. The Bkss twiz25 cm thick and light brownish
gray color. The structure is weak coarse prisnstiecture parting to moderate medium
and coarse subangular blocky structure. Theréardine sized roots. Many prominent
intersecting slickensides are present with crachkbke soil 1.25 to 2.5 cm thick. There are
many fine and medium accumulations of carbonatetlamdoil has strong effervescence
(USDA-NRCS 2012h).

The Cyz1 and Cyz2 horizons are 12 cm thick and lgbwnish gray, with many
fine yellowish brown mottles present. There areynitne and medium nests of gypsum
and other salts. The Crl and Cr2 horizons ara6gck and light brownish gray and
dark gray soft shale present. There are fine prentistrong brown mottles present.
These horizons also have many yellowish brown gtams in cracks and seams. The Crl
horizon has many fine nests of gypsum and othés, sahile the Cr2 horizon only has few
fine nests of salts (USDA-NRCS 2012h).

Opal soils are used both as cropland and rang€ld8DA-NRCS 2012h). The
dominant range species for this soil series areamesvheatgrass, green needlegrass, blue
grama, sideoats gramBdutel oua curtipendula), and sedges. The land capability class for
this soil series is 3e, meaning it is suitabled@pping and the dominant limitations are
wind and water erosion (USDA-NRCS 2012b). Othéssassociated with the Opal soils
are the Bullcreek, Chantier, Dupree, Hurley, Ldtakoma, Promise, and Sansarc soils
(USDA-NRCS 2012h).

Cabba soils are classified as loamy, mixed, supigeacalcareous, frigid, shallow
Typic Ustorthents (USDA-NRCS 2012g). This soilisgiis found in western North

Dakota, central and eastern Montana, and northweSuth Dakota. These are shallow
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loams found on terrains with a slope of 3-60%, ardkerived from loamy residuum

derived from sedimentary rock parent material. Tladba soil is well-drained,

moderately permeable with a slow to fast runoffedepng on the slope. These soils are
found on backslopes and shoulders of hills. Therdtope shape is convex and the across
slope shape is convex and linear (USDA-NRCS 2012a).

The typical Cabba series pedon consists of theuiatlg horizons: A, Bk1, Bk2,
and Cr (USDA-NRCS 2012g). The A horizon is 7.5tbick and grayish brown loam.
The structure is moderate fine granular. Therexary very fine and fine roots in this
horizon. The horizon is slightly effervescent atighdly alkaline. The Bk1 horizon is 13
cm thick and light brownish gray loam. It has wéiak and medium subangular blocky
structure. There are many very fine and fine roetth many very fine pores present. This
horizon is strongly effervescent and slightly ailkal The Bk2 horizon is 18 cm thick and
pale brown clay loam. Very fine and fine roots esenmon as well as very fine pores.
There is strong effervescence in this horizon ammoderately alkaline. The Cr horizon
is 114 cm thick and pale brown. There are a fery fine and fine roots, mainly in the
upper part and in vertical cracks. This horizostisngly effervescent and moderately
alkaline (USDA-NRCS 20129).

Cabba soils are mainly found in rangeland (USDA-I$RZD12g). The dominant
species for this soil series are little bluest&ahizachyrium scoparium), western
wheatgrass, needle and thread, prairie sandf&@ednfovilfa longifolia), bluebunch
wheatgrassHseudoroegneria spicata), green needlegrass, plains muhly, forbs and shrub

The land capability class for this soil is 7e, megrhis soil is not ideal for cropland but
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suitable as rangeland (USDA-NRCS 2012a). A linotabn this soil is water erosion
(USDA-NRCS 2012g).

Wayden soils are classified as clayey, smectititgareous, frigid, shallow Typic
Ustorthents (USDA-NRCS 2012i). They are foundastern and northern Montana,
western North Dakota, north central Wyoming, andhwestern South Dakota. This saill
series is found on sites with 6-40% slope and forfn@m parent material that is clayey
residuum weathered from shale. This soil seriegeit-drained with slow permeability
and slow to rapid runoff, depending on slope. Ehssls are found on shoulder,
backslopes, and summits of hills. The down sld@ps is convex and the across slope
shape is either linear or convex (USDA-NRCS 2012c).

The typical pedon of the Wayden soil series costttie following horizons: A,

Bk, By, and Cr (USDA-NRCS 2012i). The A horizon/i$ cm thick and light gray silty
clay. The structure is strong, very fine granul@here are many fine and very fine roots.
This horizon is slightly effervescent and moderatdkaline. The Bk horizon is 10 cm
thick and light gray silty clay. Itis a moderatarse and medium subangular blocky
structure parting to a moderate fine subangulackylo Fine and very fine roots are
common with fine pores. This horizon is slightligadine with strong effervescence. The
By horizon is 20 cm thick and light gray silty clayhe structure is weak coarse,
subangular blocky parting to moderate fine subaarduibcky. There are fine and very
fine roots common in this horizon as well as mayysyim crystals present. This horizon
has slight effervescence and moderately alkaliftee Ct horizon is 114 cm thick and olive

silty clay shale with yellowish brown moist staims plates. It is extremely hard and very

26



fine and slakes in water. It has a slight effeceese and moderately alkaline (USDA-
NRCS 2012i).

The Wayden soil series is mainly used as rangelamgever some areas with
gentle slopes can support small grain crops (USD¥CES 2012i). The predominant
species found on rangeland sites include: westbgatgrass, little bluestem, needle and
thread, forbs and shrubs. The land capabilitysdasthis soil is 7e, meaning it is not well
suited for cropland and the greatest limitatiowiisd erosion (USDA-NRCS 2012c).

Soils associated with the Wayden series includeoiBelfield, Bradenburg, Cabba,
Flasher, Moreau, Morton, Regeant, Rhodes, Ringlham and Vebar (USDA-NRCS

2012i).

Methods
Three soil series were evaluated for the effectdaxfk-tailed prairie dog colonies
on soil physical and chemical properties. Thesle s@re studied on the prairie dog

towns (PDT) and off the prairie dog town (Control).

Vegetation Sampling

Vegetation was collected for each of the soil seindate July 2010 and 2011.
Two 1/8 nf quadrats were sampled at four locations on batCintrol and PDT for each
soil series. On the PDT samples were collectedftom the center of the hole at two
locations at opposite points from the center. Saswere randomly selected on the
Control sites and collected in non-disturbed aréldse Control sites were adjacent to the
PDT sites in the same soil series. Each quadratclygped by species and placed into

individual labeled bags. Samples were oven dridgbaC for 72 hours and then weighed.
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Soil Sampling

Soil samples were collected at five locations arhes the soil series on the
Control sites and four locations on the PDT sitéke five locations on the Control were
randomly selected on the same soil series as tinespmnding PDT sites. The four
locations on the PDT were randomly selected wid@oh soil series and corresponded
with the center of mound hole created by prairigsdo

Soil samples were collected from each soil seriehily 2010. Samples were
collected at the five locations of the Control td0® cm depth. The sampling depths on
the PDT sites differed depending on the distanma fihe center of a mound hole.
Samples were collected 30 and 60 cm from the haiéec at a depth of 100 cm, while
samples were collected to only a 30 cm depth 12@ram the hole center. The depth
increments for near-surface samples were 0 to@.@ 20, and 20 to 30 cm, while 30 to
60 and 60 to 100 cm depth increments were colled®eahd 60 cm from the hole center.
Soil cores were collected using a 3.5-cm (i.d.)dBids hydraulic probe (Giddings
Machine Co., Windsor, Colorado). Eight soil conege collected from each of the 0 to
10, 10 to 20 and 20 to 30 cm depth increments anddoil cores at the 30 to 60 and 60 to
100 cm depth increments. Samples were savedaulaleHined plastic bag and placed in
storage at 5°C until processed.

Whole samples were air dried in a greenhouse fomamum of three days and
mechanically ground to pass a 2 mm sieve. Idabtd plant material (>2.0 mm) was
removed prior to grinding. Laboratory analysesdrarted on the soil samples included
electrical conductivity (EC), pH, extractable i@, extractable NgtN, available P, total

N, organic and inorganic C, cation exchange capaa&itd exchangeable cations: K, Na,
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Ca, and Mg. Electrical conductivity and pH werdraated from a 1:1 soil-water mixture
(Watson and Brown 1998, Whitney 1998). SoilNXDand NH,-N were determined from
1:10 soil-KCI (2M) extracts using cadmium reduction followed by alified Griess-
llosvay method and indophenol blue reaction (Muéxah996). Plant-available soil P was
estimated by bicarbonate extraction (Olson et@4). Total soil C and N was
determined by dry combustion on soil ground to @a8sl06 mm sieve (Nelson and
Sommers 1996). Using the same fine-ground saitgianic C was measured on soils with
a pH> 7.2 by quantifying the amount of G@roduced using a volumetric calcimeter after
application of dilute HCI stabilized with FeQLoeppert and Suarez 1996). Soil organic
carbon (SOC) was calculated as the difference legtwetal C and inorganic C.
Exchangeable cations (ZaMg™, K*, and N4) were estimated by atomic absorption
spectrometry with the sum taken to reflect catiwnchange capacity (Sumner and Miller
1996). Where applicable, data were expressed vdtigakly by depth using field

measured soil bulk density (Blake and Hartge 1986).

Statistical Analysis

Species richness and Shannon diversity was cagclleting PC ORD 5.10
(McCune and Mefford 2006). Microsoft Excel wasdise calculate differences between
samples collected on the PDT to those collectethefPDT using a two sampled t test. A
P<0.05 was considered significant.

Treatment and depth effects for soil properties lognsity, soil pH, nitrate,
ammonium, phosphorus, cation exchange capacitgspom, sodium, calcium,
magnesium, electrical conductivity, total nitrogearbon to nitrogen ratio, and soll

organic carbon were analyzed using a nested destfrihe depths being the nested
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effect. The PROC MIXED procedure (Version 9.2le BAS System for Windows,
Copyright © 2002-2008 SAS Institute Inc.) was uadhe statistical analysis. Means
were compared using the LSMEANS procedure withothezall P-value adjusted by using
the Tukey procedure. All of the data were transfed using a square root transformation

to normalize the data and & P.05 was considered significant.

Results

Vegetation

Plant species richness was higher (P=0.04) o dmtrol site (7) than PDT (4) on
the Opal soil series in 2010 (Table 2.3). Howetlezre were no difference (P>0.05) in
plant species richness between the PDT and Cant&fl11 (Table 2.3). Plant species
diversity was higher (#0.01) on the Control site (1.306) than PDT (0.642010 (Table
2.3). Plant species diversity was also higher (@4)0on the Control (1.899) than PDT
(1.384) in 2011.

There were no differences (P>0.05) found betweerPBT and Control for plant
species richness in 2011 or plant species diversi2Z910 and 2011 on the Cabba soil
series (Table 2.3). Plant species richness wdsehi@x0.01) on the PDT (11) compared
to the Control (7) in 2010.

There were no differences (P>0.05) found in plgetcges richness in 2010 and
2011, or plant species diversity on the Waydensaikes in 2011. Plant species diversity

was higher (P=0.03) on the Control (1.790) thafPd®T (1.164) in 2010 (Table 2.3).

30



Table 2.3. Species richness and diversity (Shannon) on thiegdog town (PDT) and
Control sites for the Opal, Cabba, and Waydens&ies near McLaughlin, SD, 2010 and
2011.

Opal* Cabba’ Wayden®
Year Treatment Richness Diversity Richness Diversity Richness Diversity
2010  Control 7 1.306 7 1.592 10 1.790
PDT £ 0.638 1P 1.565 7 1.16%4
2011  Control 12 1.899 14 2.023 19 2.321
PDT 9 1.388 11 1.753 17 2.056

Values within years with a different letter (a,lffer at P< 0.05.

Soil Physical Properties

Soil bulk density was higher on the Control thia@ PDT at the 0-10 cm depth 30
cm (P<0.01) and 60 cm &0.01) away from the mound hole center on the Opiéksries
(Figure 2.1). Soil bulk density was higher (P=0.64 the Control than the PDT at the 20-
30 cm depth 120 cm from the hole center on the &abb series (Figure 2.2). There were
no differences (P>0.05) in bulk density betweent@irand PDT for the Wayden soil

series (Figure 2.3).
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Figure 2.1. Soil bulk density (Mg rif; + SE) by depth for each treatment for the Op#l so
series at 30, 60, and 120 cm from the mound haleec@ear McLaughlin, SD, July 2010.
Values within distance with the same letter (are)reot significantly different (P>0.05).
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Distance from mound hole center
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Figure 2.2. Soil bulk density (Mg n; + SE) by depth for each treatment for the Cabba
soil series at 30, 60, and 120 cm from the mourd &enter near McLaughlin, SD, July
2010. Values within distance with the same letdglo) are not significantly different
(P>0.05).
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Figure 2.3. Soil bulk density (Mg n; + SE) by depth for each treatment for the Wayden
soil series at 30, 60, and 120 cm from the mourd &enter near McLaughlin, SD, July
2010. Values within distance with the same letdgl) are not significantly different
(P>0.05).
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Soil Chemical Properties

Opal Soil Series

Soil pH was higher on the Control at the 0-10 cmthkle 30 cm (R0.01) and 60 cm
(P<0.01) from the mound hole center; at the 10-20 eptfd 30 cm (P=0.01) from the
center of the mound hole; at the 30-60 cm depthere (P=0.01) distance from the mound
hole center; and at the 60-100 cm depth, 30 cr9.() and 60 cm @0.01) from the
mound hole center compared to the PDT (Figure Ektrical conductivity was higher
(P=0.04) on the Control site compared to PDT atlit-20 cm depth, 120 cm from the
hole center (Figure 2.5). Soil NDI was higher on the PDT at the 0-10 cm depth,80 ¢
(P<0.01) and 60 cm (P=0.01) away from the mound hefger; and at the 10-20 cm
depth, 30 cm (P=0.02) away from the mound holeyie@.6). Soil NN was higher on
the PDT than the Control at the 0-10 cm depth,r8qR<0.01) and 60 cm 0.01) away
from the mound hole center (Figure 2.7). Availgih®sphorus was higher on the PDT
than the Control at the 0-10 cm depth, 30 ca0(P1) and 60 cm (P=0.04) away from the
mound hole center (Figure 2.8). There were no iiffees (P>0.05) in total nitrogen
(Figure 2.9) and C:N ratio for all depths and atl@tances away from the mound hole

center (Figure 2.10).
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Figure 2.4. Soil pH (-log [H']; + SE) by depth for each treatment for the Ol series at
30, 60, and 120 cm from the mound hole center Meaaughlin, SD, July 2010. Values
within distance with the same letter (a,b) aresignificantly different (P>0.05).
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Figure 2.5. Electrical conductivity (dS th+ SE) by depth for each treatment for the Opal
soil series at 30, 60, and 120 cm from the mound tenter near McLaughlin, SD, July
2010. Values within distance with the same letdgl) are not significantly different
(P>0.05).
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Figure 2.6. Soil NOs-N (mg N kg*+ SE) concentration by depth for each treatmentHer
Opal soil series at 30, 60, and 120 cm from themddwle center near McLaughlin, SD,
July 2010. Values within distance with the samtetga,b) are not significantly different
(P>0.05).
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Figure 2.7. Soil NH,-N (mg N kg*+ SE) concentration by depth for each treatmentHer
Opal soil series at 30, 60, and 120 cm from themddwle center near McLaughlin, SD,
July 2010. Values within distance with the samtetgfa,b) are not significantly different
(P>0.05).
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Figure 2.8. Available P (mg P ki SE) concentration by depth for each treatmenttfer
Opal soil series at 30, 60, and 120 cm from themddwle center near McLaughlin, SD,
July 2010. Values within distance with the sameetgfa,b) are not significantly different
(P>0.05).
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Figure 2.9. Total nitrogen (Mg N h&; + SE) concentration by depths for each treatment
for the Opal soil series at 30, 60, and 120 cm ftbenmound hole center near
McLaughlin, SD, July 2010. Values within distanc#étvthe same letter (a,b) are not
significantly different (P>0.05).
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Figure 2.10. Carbon to nitrogen (C:N) ratio ( £ SE) by depth éach treatment for the
Opal soil series at 30, 60, and 120 cm from themddwle center near McLaughlin, SD,
July 2010. Values within distance with the samtetgfa,b) are not significantly different
(P>0.05).

Cation exchange capacity (CEC) was higher on th&rGlosite at the 10-20 cm
depth, 60 cm (#0.01) from the mound hole center; at the 20-30 eptlus, 30 cm
(P<0.01), 60 cm (R0.01), and 120 cm &®.01) away from the mound hole center; and at
the 60-100 cm depth, 60 cm (P=0.04) away from tbamd hole center (Figure 2.11). No
differences (P>0.05) occurred in the exchangeattigsgium (Figure 2.12) at all depths
and distances from the mound hole center. Exclanmgesodium was higher (P<0.05) on
the Control site for all depths at each distanoefthe mound hole center (Figure 2.13).
Exchangeable calcium was higher (P= 0.04) on th€ Bcm from the mound hole
center at the 0-10 cm depth compared to the CofFrglire 2.14). However, at the 10-20

cm depth, 30 cm (P=0.02), 60 cm (P=0.01), and h2QR=0.02) away from the hole

center, exchangeable calcium was higher on ther@arampared to the PDT (Figure
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2.14). The same was true at the 20-30 depth, 3(Psth01), 60 cm (R0.01), and 120 cm
(P<0.01) distance from the hole center and at the@Den depth at 30 cm (P=0.01) and
60 cm (P=0.02) from the mound hole (Figure 2.Ihere were no differences (P>0.05) in

exchangeable magnesium for any depth or distanoe thhe hole center (Figure 2.15).
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Figure 2.11. Cation exchange capacity (cmolkg: SE) by depth for each treatment for
the Opal soil series at 30, 60, and 120 cm frormiband hole center near McLaughlin,
SD, July 2010. Values within distance with the sadetier (a,b) are not significantly
different (P>0.05).
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Figure 2.12. Exchangeable potassium (cmolkeg SE) concentration by depth for each
treatment for the Opal soil series at 30, 60, é&@dn from the mound hole center near
McLaughlin, SD, July 2010. Values within distanctwvthe same letter (a,b) are not
significantly different (P>0.05).
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Figure 2.13. Exchangeable sodium (cmol'kgt SE) concentration by depth for each
treatment for the Opal soil series at 30, 60, &@dn from the mound hole center near
McLaughlin, SD, July 2010. Values within distanceéhathe same letter (a,b) are not

significantly different (P>0.05).
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Figure 2.14. Exchangeable calcium (cmol kgt SE) concentration by depth for each
treatment for the Opal soil series at 30, 60, &@dn from the mound hole center near
McLaughlin, SD, July 2010. Values within distanceéhathe same letter (a,b) are not

significantly different (P>0.05).
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Figure 2.15. Exchangeable magnesium (cmol'kg SE) concentration by depths for each
treatment for the Opal soil series at 30, 60, @ dn from the mound hole center near
McLaughlin, SD, July 2010. Values within distanc#étvthe same letter (a,b) are not
significantly different (P>0.05).

Cabba Soil Series

Soil pH was higher on the Control than the PDihat10-20 cm depth, 30 cm
(P<0.01), 60 cm (R0.01), and 120 cm &®.01); and at the 20-30 cm depths, 30 cm
(P<0.01), 60 cm (R0.01), and 120 cm &®.01) distances from the mound hole center on
the Cabba soil series (Figure 2.16). There werdiffierences (P>0.05) in electrical
conductivity between the PDT and Control for alpthes and distances (Figure 2.17) for
the Cabba soil series. Soil M was higher on the PDT at the 0-10 cm depth lfor a
distances from the mound hole center (30 cm P=@6@tm P=0.02, 120 cm P=0.02;
Figure 2.18). There were no differences (P>0.0%pil NH,-N between the PDT and
Control at all depths and distances (Figure 2. ¥)ailable P was higher (P=0.01) on the

PDT at the 0-10 cm depth, 30 cm from the mound befger (Figure 2.20).
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Figure 2.16. Soil pH (-log [H']; = SE) by depth for each treatment for the Caduhit
series at 30, 60, and 120 cm from the mound haieec@ear McLaughlin, SD, July 2010.
Values within distance with the same letter (are)reot significantly different (P>0.05).
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Figure 2.17. Electrical conductivity (dS fh+ SE) by depth for each treatment for the
Cabba soil series at 30, 60, and 120 cm from thenehdole center near McLaughlin, SD,
July 2010. Values within distance with the samtetgfa,b) are not significantly different
(P>0.05).
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Figure 2.18. Soil NOx-N (mg N kg'+ SE) concentration by depth for each treatment for
the Cabba soil series at 30, 60, and 120 cm frenmtbund hole center near McLaughlin,
SD, July 2010. Values within distance with the sadetier (a,b) are not significantly
different (P>0.05).
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Figure 2.19. Soil NH,-N (mg N kg'+ SE) concentration by depth for each treatment for
the Cabba soil series at 30, 60, and 120 cm frenmtbund hole center near McLaughlin,
SD, July 2010. Values within distance with the sadetier (a,b) are not significantly
different (P>0.05).
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Figure 2.20. Available P (mg P kgt SE) concentration by depth for each treatment for
the Cabba soil series at 30, 60, and 120 cm frenmtbund hole center near McLaughlin,
SD, July 2010. Values within distance with the sadetier (a,b) are not significantly
different (P>0.05).
Total nitrogen was higher on the PDT at the 3@i®0depth, 30 cm (P=0.02) and

60 cm (0.01) from the mound hole center, and at the 60et@@epth, 60 cm (P=0.01)
from the mound hole center (Figure 2.21). The €fib was higher on the Control at the
30-60 cm depth, 30 cm (P=0.01) and 60 cr0(P1) from the mound hole center, and at
the 60-100 cm depth, 30 cm (P=0.04) and 60 c0.() from mound hole center (Figure
2.22).

No differences (P>0.05) occurred between the PiTGontrol for CEC (Figure
2.23), and exchangeable potassium (Figure 2.2diso(Figure 2.25), calcium (Figure

2.26), and magnesium (Figure 2.27) for all depticat all of the distances from the

mound hole center.
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Figure 2.21. Total nitrogen (Mg N hd; + SE) concentration by depths for each treatment
for the Cabba soil series at 30, 60, and 120 cm fiee mound hole center near
McLaughlin, SD, July 2010. Values within distanctvthe same letter (a,b) are not
significantly different (P>0.05).
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Figure 2.22. Carbon to nitrogen (C:N) ratio ( £ SE) by depth éach treatment for the
Cabba soil series at 30, 60, and 120 cm from thenehdole center near McLaughlin, SD,
July 2010. Values within distance with the samtetgfa,b) are not significantly different

(P>0.05).
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Figure 2.23. Cation exchange capacity (cmolkg SE) by depth for each treatment for
the Cabba soil series at 30, 60, and 120 cm frenmtbund hole center near McLaughlin,

SD, July 2010. Values within distance with the sadetier (a,b) are not significantly
different (P>0.05).
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Figure 2.24. Exchangeable potassium (cmolkg SE) concentration by depth for each
treatment for the Cabba soil series at 30, 60,120cm from the mound hole center near
McLaughlin, SD, July 2010. Values within distanc#tvthe same letter (a,b) are not

significantly different (P>0.05).
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Figure 2.25. Exchangeable sodium (cmol'kgt SE) concentration by depth for each
treatment for the Cabba soil series at 30, 60,120dcm from the mound hole center near

McLaughlin, SD, July 2010. Values within distancitvthe same letter (a,b) are not
significantly different (P>0.05).

Distance from mound hole center
30cm 60 cm 120 cm

= Control

Prairie Dog Town

Figure 2.26. Exchangeable calcium (cmol kgt SE) concentration by depth for each
treatment for the Cabba soil series at 30, 60,120cm from the mound hole center near

McLaughlin, SD, July 2010. Values within distanc#étvthe same letter (a,b) are not
significantly different (P>0.05).
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Figure 2.27. Exchangeable magnesium (cmol'kg SE) concentration by depths for each
treatment for the Cabba soil series at 30, 60,126dcm from the mound hole center near
McLaughlin, SD, July 2010. Values within distanctvthe same letter (a,b) are not
significantly different (P>0.05).

Wayden Soil Series

Soil pH was higher on the Control site compareth&oPDT at the 20-30 cm depth,
30 cm from the mound hole center (P=0.01; Figue8R. There were no differences
(P>0.05) in electrical conductivity for all deptatall distances at the Wayden site (Figure
2.29). Soil N@-N content was higher on the PDT at the 0-10 cmideéj® cm (R0.01)
and 60 cm (P=0.04) distance from the mound holé;1&:20 cm depth, 30 cm (P=0.03)
from the mound hole center (Figure 2.30). Soil;MNHwas higher on the PDT at the 0-10
cm (P<0.01), 10-20 cm (P=0.03), and 60-100 cm (P=0.0p}jrée 30 cm from the mound
hole center (Figure 2.31). Soil MM was higher on the PDT at the 60-100 cm depth, 60
cm (P=0.03) from the mound hole; and at the 10+8@lepth, 120 cm (P=0.04) away from
mound hole. Available P was higher (P=0.01) onRBg 30 cm away from the mound

hole center at the 0-10 cm depth compared to ther@lcsite (Figure 2.32).
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Figure 2.28. Soil pH ([H']; + SE) by depth for each treatment for the Wayseil series
at 30, 60, and 120 cm from the mound hole centar MeLaughlin, SD, July 2010.
Values within distance with the same letter (are)reot significantly different (P>0.05).
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Figure 2.29. Electrical conductivity (dS fh+ SE) by depth for each treatment for the
Wayden soil series at 30, 60, and 120 cm from tbhend hole center near McLaughlin,
SD, July 2010. Values within distance with the sadetier (a,b) are not significantly
different (P>0.05).
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Figure 2.30. Soil NOs-N (mg N kg'+ SE) concentration by depth for each treatment for
the Wayden soil series at 30, 60, and 120 cm flmmtound hole center near
McLaughlin, SD, July 2010. Values within distanc#étvthe same letter (a,b) are not
significantly different (P>0.05).
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Figure 2.31. Soil NH,-N (mg N kg'+ SE) concentration by depth for each treatment for
the Wayden soil series at 30, 60, and 120 cm ffemmtound hole center near
McLaughlin, SD, July 2010. Values within distanctvthe same letter (a,b) are not
significantly different (P>0.05).
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Figure 2.32. Available P (mg P kgt SE) concentration by depth for each treatment for
the Wayden soil series at 30, 60, and 120 cm flmmtound hole center near
McLaughlin, SD, July 2010. Values within distanc#tvthe same letter (a,b) are not
significantly different (P>0.05).

Total nitrogen was higher on the PDT than the it the 10-20 cm depth, 30
cm (P=0.01) from the mound hole center and at a&@ cm depth, 60 cm £B.01)
away from the mound hole (Figure 2.33). The C:fibraas higher on the Control site
compared to the PDT at the 30-60 cm depth, 30 &rd.(3) away from the mound hole
center, and at the 20-30 cm depth, 120 cm (P=@@4y from the mound hole (Figure
2.34). There were no differences (P>0.05) betweethe PDT and Control sites for
exchangeable potassium (Figure 2.36), sodium (Eigw7), and magnesium (Figure 2.39)
on the Wayden soil series. Cation exchange capaeis higher on the Control compared
to PDT at the 10-20 cm £P.01) and 20-30 cm €®.01) depths, 120 cm away from the
mound hole center (Figure 2.35). Exchangeablewalgvas higher on the Control at the
0-10 cm (P=0.03), 10-20 cm (P=0.03), and 20-30ex0.01) depths, 120 cm from the
mound hole center compared to PDT (Figure 2.38).
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Figure 2.33. Total nitrogen (Mg N hd; + SE) concentration by depths for each treatment
for the Wayden soil series at 30, 60, and 120 am fthe mound hole center near
McLaughlin, SD, July 2010. Values within distanctvthe same letter (a,b) are not
significantly different (P>0.05).
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Figure 2.34. Carbon to nitrogen (C:N) ratio ( = SE) by depth éacch treatment for the
Wayden soil series at 30, 60, and 120 cm from tbend hole center near McLaughlin,
SD, July 2010. Values within distance with the sadatier (a,b) are not significantly
different (P>0.05).
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Figure 2.35. Cation exchange capacity (cmolkg SE) by depth for each treatment for
the Wayden soil series at 30, 60, and 120 cm flmmtound hole center near
McLaughlin, SD, July 2010. Values within distanc#étvthe same letter (a,b) are not
significantly different (P>0.05).
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Figure 2.36. Exchangeable potassium (cmolkeg SE) concentration by depth for each
treatment for the Wayden soil series at 30, 60,1&@dcm from the mound hole center
near McLaughlin, SD, July 2010. Values within dmsta with the same letter (a,b) are not
significantly different (P>0.05).
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Figure 2.37. Exchangeable sodium (cmol kgt SE) concentration by depth for each
treatment for the Wayden soil series at 30, 60,1&t@dcm from the mound hole center
near McLaughlin, SD, July 2010. Values within dmsta with the same letter (a,b) are not
significantly different (P>0.05).
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Figure 2.38. Exchangeable calcium (cmol kgt SE) concentration by depth for each
treatment for the Wayden soil series at 30, 60,1&tdcm from the mound hole center
near McLaughlin, SD, July 2010. Values within dmsta with the same letter (a,b) are not
significantly different (P>0.05).
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Figure 2.39. Exchangeable magnesium (cmol'kg SE) concentration by depths for each
treatment for the Wayden soil series at 30, 60,1&@dcm from the mound hole center
near McLaughlin, SD, July 2010. Values within dmsta with the same letter (a,b) are not
significantly different (P>0.05).

Soil Organic Carbon

There were no differences (P>0.05) in soil orgamidon (SOC) on the Opal soil
series between the Control and PDT (Table 2.4)l dsganic carbon was higher (P=0.04)
on the Control site (32.1 Mg C hacompared to the PDT (25.7 Mg CHaat the 0-10 cm
depth, 120 cm away from the mound hole center erCidibba soil series. This was similar
to the Wayden site, where the SOC was higheg® (1) on the Control site (32.3 Mg C ha

1) than the PDT (21.2 Mg C Hanear the surface, 120 cm away from mound hole.
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Table 2.4. Soil organic carbon (Mg C Ha+ SE) by depth for each treatment for the Opal,
Cabba, and Wayden soil series at the 30, 60 andrh2fistances from the mound hole
center near McLaughlin, SD, for 2010.

Opal
30 cm 60 cm 120 cm
Depth
(cm) Control PDT Control PDT Control PDT
0-10 31.7+75 152+18 31.7x75 17.7+08 .7H75 22619
10-20 17.1+3.0 187+x05 171+30 195+187.1%x3.0 184+1.2
20-30 11.0+27 189+1.2 11.0+£27 17.1+091.0k2.7 13.6+0.8
30-60 235+7.8 353%x35 235+7.8 32933
60-100 22.7+44 29.1+21 22744 27.8=x2.1
Cabba
30 cm 60 cm 120 cm
Depth
(cm)  Control PDT Control PD Control® PDT
0-10 321+14 269+7.3 321+14 248+20 .131.4 257+23
10-20 144+09 215+12 144+09 193+144.4%09 16.6+0.7
20-30 11.3+08 139+1.2 11.3+0.8 122+0.41.3%+08 11.8+0.4
30-60 21.8+1.2 268+24 21.8+12 25719
60-100 21.6+14 234+34 216x14 23.4+3.8
Wayden
30cm 60 cm 120 cm
Depth
(cm)  Control PDT Control PDT Control® PDT
0-10 323+16 321+52 323+1.6 24.7+24 3316 21.2+1.8
10-20 16.3+0.7 248+1.2 16.3+0.7 19.1+266.3%0.7 151+15
20-30 14.7+10 15719 147+10 136+x1.4.7#1.0 11.8+0.8
30-60 42.3+8.3 364+0.7 423+83 34619
60-100 24.3+13 364+26 243%x13 37.2+x3.0

'"Compared values between Control and PDT within séep¢h and distance from mound
hole with a different letter (a,b) differ ax®.05.
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Discussion

Plant species diversity was lower on the PDT assediwith the Opal soil series in
2010 and 2011, and Wayden soil series in 2010erGtiudies found plant species
diversity higher on PDTs, especially younger towuns to an increase of annual forb
species (Coppock et al 1983a; Archer et al. 198Tant species richness was different
between the PDT and Control on the Opal and Catibaegies in 2010; there were no
differences in species richness between sitespsail series in 2011. Archer et al.
(1987) found PDTs had higher species richnessdheas off PDTSs.

Although we found no differences in soil bulk deépsin the Cabba and Wayden
soil series, bulk density was lower on the PDThat@-10 cm depth extending to 60 cm
from the mound hole center on the Opal soil sefiea.study done in the Sonoran and
Chihuahuan Deserts, Kerley et al. (2004) found lolglksity to be lower on pocket gopher
mound soils compared to non-mound soils on the @ihan Desert. Similar to our
study, Kerley et al. (2004) observed site diffeenand found no differences in soil bulk
density between pocket gopher mound soils and nawmAch soils on the Sonoran desert.
Our findings and those reported by Kerley et 200@) suggests soil type and soil depth
are important parameters to consider when addiggistnimpact of burrowing animals on
soil bulk density.

Nitrate levels were higher on the PDT at all thse# series, especially close to the
prairie dog burrow and at the surface depths. @heseases in nitrate levels could be the
result of deposits of prairie dog urine and fecatenial. This increase in soil nitrate levels
would explain increased nitrogen cycling on pratftgy towns as reported by Polley and

Detling (1988). Ammonium levels were higher on Bi2T associated with both the Opal
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and Wayden soil series. These increases were #gaid close to the prairie dog burrow
and near the soil surface.

Soil pH was lower on the PDT than the control ithbihe Opal and Cabba soil
series of our study. This occurred in the deplbser to the soil surface and at distances
closer to the prairie dog burrows. These findiogstradict those reported by Carlson and
White (1987, 1988) from a study in southwesterntB@akota, where soil pH was found
to be higher on prairie dog mound than adjacentmonnd soils. They observed a trend
of decreasing soil pH with increasing distance fitbeamound. We did not find
differences in soil pH associated with the Waydahseries, indicating prairie dogs
impact soil pH differently among soil types. Carlsand White (1988) found pH
decreased with mound age as basic materials wachdd from surface soil, coupled with
smaller amounts of substratum being deposited @i surface and more soil deposited
on the surface coming from the mound as prairietdogels were relocated. The decrease
in the soil pH could also be linked to increasedification on the PDTs due to
nitrification. Urea and fecal materials from praidogs provide ammonium which is
subject to nitrification. During this process hgden ions are released into the soill
solution. In an efficient ecosystem, vegetatioh take up the nitrate and the excess
hydrogen will bind with hydroxyl ions to form watédn the PDT close to the burrow,
vegetation is less abundant than areas off the PAXEordingly, less vegetation growth
under conditions of high available nitrogen wilsudt in less uptake of soil nitrate thereby
contributing to increased soil acidification oviené.

Total nitrogen was higher on the PDT at the Calitieatlsan on the Control at

deeper depths, both 30 and 60 cm from the centiiediole. However, total nitrogen was
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not different close to the surface between PDT@audtrol. However, Carlson and White
(1987) observed total nitrogen levels were lowethenprairie dog mound than the
adjacent non-mound soil at the shallow depthssimiiar to our findings, found no
differences in total nitrogen between the mountawil adjacent non-mound soil.

The increase in nitrogen on the Cabba and Waydéses@es at the closer
distances to the mound hole center influenced theaCthose same distances. Since there
were greater nitrogen and lower organic carbon eotmations on the PDT, the ratio of
carbon to nitrogen was lower. The lower carbonitangen levels found on the PDT were
associated with the Cabba and Wayden soil seriegtatm from the hole center. Holland
and Detling (1990) theorized that a lower carbonitagen ratio found on the PDT was
due to the vegetation not allocating as much catbdhe root system as a response to the
intensive grazing from prairie dogs.

Carlson and White (1987, 1988) reported total phosys was highest on the
prairie dog mound soils and decreased with disténooe the mound. This was consistent
with our findings, where all three soil series lmégher phosphorus contents on the soil
surface in the PDT 30 cm from the mound hole cemibile the Opal soil series greater
phosphorus extended 60 cm from the hole centerls@eaand White (1988) theorized
elevated phosphorus levels were due to the presdmrairie dog fecal and skeletal
residues being deposited on mound soils.

Electrical conductivity was not different betweeart@ol and PDT sites for all
three soil series. A similar outcome was foundbeyley et al. (2004) with pocket gophers
in the Sonoran Desert. However, in the Chihualdesert one of their sites did have a

difference in electrical conductivity between thezket gopher mound and non-mound
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soil. They hypothesized the increased electrioabactivity on the mound was due to the
properties of the soil, with the site in the Chihuan Desert having a shallow layer of
calcium carbonate that increased the pH and etatttonductivity of the site.

The Opal soil series had a higher CEC on the Cbsitethan on the PDT,
suggesting a possible difference in inherent stibaites between sites. The Wayden saoill
series only had a difference in CEC at the 10-3@epth, 120 cm from mound hole
center, and the Cabba soil series had no diffeseemc€EC. The CEC was derived in an
additive manner from the exchangeable cationsarsdil (e.g. potassium, sodium,
calcium, and magnesium). On the Opal soil seershangeable potassium and
magnesium were not different between the conttelasd the PDT. Exchangeable
sodium was lower on the PDT at all depths and cgta from the hole center.
Exchangeable calcium was lower on the PDT at theesgepths where CEC was different,
on both the Opal and the Wayden soil series.

Kerley et al. (2004) compared the levels of excleabe potassium, calcium, and
magnesium on pocket gopher mounds to non-mounsl isaihe Sonoran and Chihuahuan
Deserts and found only differences in potassiureleat one of their Chihuahuan desert
sites (mound soil greater than non-mound soil)e fé@maining cations were not different
between pocket gopher mounds and non-mound ditesur study, prairie dogs either did
not impact cation levels, similar to Kerley et@004), or possibly lowered specific
cations compared to the Control sites. Additignalifferences in CEC and exchangeable
cations between PDT and Control sites could bedbelt of slight differences in soil type

as expressed by the presence of smectitic clayishvglrve as exchange sites for cations
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(Brady and Weil 2008). Kerley et al. (2004) fowwhrser textured soils provided less

cation exchanged compared to clay soils.

Summary and Conclusion

Objectives of this study were to evaluate diffeesin vegetation species diversity
and richness and determine differences in seledgdjuality parameters between prairie
dog colonies and adjacent non-disturbed site01L0, species richness was lower on the
PDT for the Opal soil series and higher on the P The Cabba soil series. Diversity was
higher off the PDT on the Opal soil series in ba@10 and 2011 and on the Wayden soll
series in 2010.

It appears soil type was a driver in some diffeemnobserved between treatments.
The clayey soils (Opal and Wayden) tended to hdeavar CEC on the PDT, which was
influenced primarily by exchangeable calcium. O& shallow soils (Cabba and Wayden)
total nitrogen was higher on the PDT, which in turftuenced the carbon to nitrogen ratio
which was higher on the control. Soil pH was lowerthe PDT in the deep clayey soil
(Opal) on the surface (0-10 cm) and at the deethd&p-100 cm), and in the shallow
loamy soil (Cabba) in the middle depths (10-30 c#mmonium was higher on the PDT
in the deep clayey soil (Opal) in the surface soNstrate and phosphorus were higher on
the PDT in all three soil series near the soil auef

Differences in soil properties affect vegetationedsity and growth and can create
patches where the PDT mounds possessed differamtgdmmunities than observed
under adjacent non-disturbed sites. The soil©/erPDT were more acidic than the soils
on adjacent sites not impacted by prairie dogs@&afty at the soil surface. This

acidification is due to increased ammonium nitrogeimg deposited on the soil from
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prairie dog urination and fecal material. Thisreesed nitrogen is converted to nitrate
through the nitrification process. While this peses is occurring there are increased
hydrogen ions released into soil solution. Thigeéase in hydrogen concentration is
reflected in the lower pH. There also is incregsledsphorous at the soil surface close to
the mound center due to prairie dog fecal mateaatsskeletal remains. Results from this
study suggest rangeland restoration strategiedgshouount for patches of high nutrient,

acidic soils caused by previous prairie dog actsit
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CHAPTER 3. EFFECTS OF PRAIRIE DOG (CYNOMYS LUDOVICIANUS)
COLONIZATION ON THE WATER INFILTRATION RATESOF SELECTED

SOILSIN THE NORTHERN GREAT PLAINS

Abstract

Vegetation and soils were evaluated for threessmikes on a black-tailed prairie
dog Cynomys ludovicianus) colony and adjacent non-disturbed mixed-grassiera
north central South Dakota in 2011. Objectivethaf study were to evaluate differences
in soll infiltration rates between prairie dog cales and adjacent non-prairie dog infested
sites. The three soil series evaluated existedeep clayey (Opal), shallow loamy
(Cabba), and shallow clayey (Wayden) ecologicalksitWater infiltration, gravitmetric
water content and penetration resistance were meghsa a control site and in two
locations on each prairie dog colony (near burrad aff burrow). Water infiltration rates
were measured using single ring infiltrometers soitipenetration resistance was
measured using a dynamic cone penetrometer. O@ahka and Wayden soil series water
infiltration rates were higher on the near burrat@scompared to the off burrow and
Control sites. Penetration resistance, a measwseilodompaction, was lowest on the near
burrow sites on all soil series. The findingsha§tstudy show that black-tailed prairie

dogs affect water infiltration rates on shallowisoli

Introduction
Black-tailed prairie doggdynomys ludovicianus) historically occupied 40 million
ha of short and mixed-grass prairie in the GreainBl(Hoogland 1995), from northern

Mexico to Southern Canada and from the Rocky Mauarfteothills east to the tall grass
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prairies (Nelson 1919). However, over the pastwgrthe prairie dog population has
decreased to a point where they occur on aboupeseent of their original range, and in
the Northern Great Plains this covers approxima2e3y8 kn (Sidle et al. 2001).

Reasons for this decline are attributed to lodsatiitat, eradication programs, and disease
such as the plague (Cully and Williams 2001).

Black-tailed prairie dogs can have a major impaceoosystems. The impact
prairie dogs have on an ecosystem can also afteciother wildlife species utilize prairie
dog towns. Coppock et al. (1983a) observed highieygen andn vitro dry matter
digestibility on prairie dog towns as opposed t@@eent no-colonized areas. These
increases in nutrition quality attracted wild uragek to actively select prairie dog towns
for grazing (Coppock et al. 1983b). Agnew et 8886) found bird and small mammal
densities higher on prairie dog towns than the@ated no prairie dog town areas.

One major impact prairie dogs have on an ecosyiéhey alter the vegetative
communities. Prairie dogs will continuously fdietvegetation located within their town
as a defensive measure (King 1955) as well ascddgoarce. Since prairie dogs
preferentially select graminoids as a food soukangéon and Gold 1977), there tends to
be a shift in the vegetative community from granmisdo forbs (Coppock et al. 1983a).
Along with this shift in the vegetative communitete is an increase in plant species
diversity and richness in the community of youngeirie dog towns; however, as the dog
town ages the plant species diversity and richdesbne to pre-colonized levels (Archer
et al. 1987). The amount of litter and bare gropresent on the prairie dog town also

follow this trend. As a prairie dog town ages #émeount of litter present decreases and
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amount of bare ground increases. This increabarn@& ground can influence the amount of
runoff and water infiltrating into the soil.

We sought to evaluate effects of black-tailednealogs on soils within a mixed-
grass prairie of the Northern Great Plains. I8 #tudy we quantified differences in water
infiltration rates between prairie dog colonies andgacent non-prairie dog infested sites on

these soil series.

Study Area

Location and Land Use

The study was conducted 16 km southeast of McLaughbuth Dakota on the
Standing Rock Indian Reservation in Corson Couiiiye study area is approximately
1400 hectares of both private land and leased fabhd. The ranch has been under current
management since the early 1940’s. Historicaltigre were approximately 300 head of
cattle and 100 head of horses that grazed the |Hiogvever, cattle have been absent since
2009 with ranch currently grazed by approximatéiyh@ad of horses. The prairie dog
population on this land occupied two small townsipdsing six to eight hectares in the
early 1950’s. The prairie dog population graduailyreased on both of the towns starting

in 1985. Currently, prairie dogs occupy over 8@@thres of the ranch.

Climate

The study area is characterized by a continentai-aed climate, with hot
summers and cold winters (Heil 1995). The 30-yeaan annual precipitation for
McLaughlin, SD is 455 mm, with 83% of the precifiba occurring from April through

October (ACIS, 2012). The peak precipitation merdahe May through August, with 58%
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of the annual precipitation occurring during th&sipd. The mean annual temperature is
6.5°C.

Temperatures were similar to the 30-year mea®iri 2with the exception of
February and December which was slightly lower thegrage (Table 3.1; ACIS, 2012).
There was an increase in precipitation compareédeg@0-year mean in 2011. The winter
months of January and December, as well as Septemée wetter than normal and

October and November drier than normal (Table 3.2).

Table 3.1. Meanmonthly* temperature (°C) for McLaughlin, South Dakota26d.1 and
the 30-year mean (ACIS 2012).

30 Year Mean Monthly

Month Mean Temperature Temperature
January -12.7 -10.1
February -11.4 -7.0
March -6.1 -1.4
April 4.8 6.5
May 10.5 13.1
June 16.9 18.5
July 23.4 22.2
August 21.0 21.2
September 14.2 15.1
October 9.5 7.7
November -0.8 -0.9
December -4.2 -8.1
Average 54 6.4

! The mean monthly temperatures were determined)asiarage daily temperatures.

Vegetation

Three soil series (Opal, Cabba, and Wayden) weéeetsd for this study, each
supporting a different plant community. The Opal series was classified as a clayey

ecological site with a current plant community astern wheatgrasB®gscopyrum
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smithii), blue gramaBRoutel oua gracilis), sedgesarex Spp.), fringed sagewort
(Artemisia frigida), and prostrate knotweeBdygonum aviculare) on both the prairie dog
town (PDT) and Control sites (off the prairie dogvh). The clayey ecological site had a
historic climax plant community (HCPC) of green diegrass (Nassellridula) and
western wheatgrass. Under heavy, continuous sdasgrgrazing the green needlegrass
decrease and blue grama and buffalogragsh{oe dactyloides) increase (USDA-NRCS
2012d).

Table 3.2. Monthly precipitation (mm) for McLaughlin, South Kata for 2011 and the
30-year average (ACIS 2012).

Month Monthly Mean 30 Year Mean
January 29.2 11.8
February 28.4 13
March 24.4 26
April 95.3 41.6
May 102.4 72.3
June 149.1 81.1
July 26.2 55.9
August 145.8 54.5
September 14.2 34.6
Octaber 36.8 36.6
November 0.3 13.1
December 114 14.1
Total 663.5 454.6

The Cabba soil series was classified as a shatlamy ecological site with a
current plant community of western wheatgrassripranegrassiKoeleria macrantha),
blue grama, sedges, fringed sagewort, and dand@lasaxacum officinale) on the Control
site. On the PDT, the plant community comprised/e$tern wheatgrass, blue grama,
green needlegrass, sedges, fringed sagewort, detexizetus unifoliolatus), and
sweetclovereilotus spp.). The HCPC for the shallow loamy ecological svees
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western wheatgrass, needlegrass, and plains mMilyi¢nbergia cuspidata) (USDA-
NRCS 2012f).

The Wayden soil series was classified as a shallayey ecological site with a
current plant community of western wheatgrassrigrainegrass, blue grama, needle and
thread Hesperostipa comata), green needlegrass, Kentucky bluegr&ss fratensis),
yellow coneflower Ratibida columnifera), deervetch, curlycup gumwee@r{ndelia
sguarrosa), silverleaf scurfpeaRediomelum argophylla), and Indian breadroot
(Pediomelum esculenta) on the Control site. The dominant species wezstarn
wheatgrass, blue grama, deervetch, wooly planRian{ago patagonica), fetid marigold
(Dyssodia papposa), and woodsorreld@xalis corniculata) on the PDT. The HCPC for the
shallow clayey ecological site was western wheatgyead warm season mid grasses

(USDA-NRCS 2012e).

Soils

Opal soils are classified as fine, smectitic, mésiptic Haplusterts (USDA-NRCS
2012h). This soll series is found primarily in trahSouth Dakota, mostly west of the
Missouri River. Opal soils are moderately deepe ftlays found on gently sloping terrains
with a 0-25% slope formed from clayey residuumdetifrom shale parent material. This
soil series is well-drained with medium to veryhmginoff, depending on the slope, and
very slow permeability; however, after periods odubht, permeability may be rapid due
to large cracks in the soil. Opal soils are foondhe backslope, with the down slope
shape linear and the across slope shape convimety (USDA-NRCS 2012b).

The typical pedon for this soil series containsfti®wing horizons: A, Bssl,

Bss2, Bkss, Cyz1, Cyz2, Crl, and Cr2 (USDA-NRCS2K)1 The A horizon is five cm
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thick and grayish brown clay, with moderate medamd fine granular structure. There
are many fine and medium sized roots found inhbiszon. The Bss1 horizon is about 20
cm thick and grayish brown clay. The structuréhig horizon is moderate medium and
coarse subangular blocky. There are many finenaedium roots associated with this
horizon. A characteristic of this horizon is thegence of nonintersecting slickensides,
with cracks 1.25 cm wide. There are 1% pebblesgmieand a slight effervescence,
indicating carbonates present. The Bss2 horizdh ism thick and grayish brown clay.
There is weak coarse prismatic structure thatiisngato moderate medium and coarse
subangular blocky structure. Fine and medium ramtscommon, but there are less than
the above horizons. There are many prominentsatéing slickensides with cracks 2.5
cm wide and a strong effervescence. The Bksstwiz25 cm thick and light brownish
gray color. The structure is weak coarse prisnstiecture parting to moderate medium
and coarse subangular blocky structure. Theréeardine sized roots. Many prominent
intersecting slickensides are present with crachkbe soil 1.25 to 2.5 cm thick. There are
many fine and medium accumulations of carbonatetla@doil has strong effervescence
(USDA-NRCS 2012h).

The Cyz1 and Cyz2 horizons are 12 cm thick and lgbwnish gray, with many
fine yellowish brown mottles present. There areynitne and medium nests of gypsum
and other salts. The Crl and Cr2 horizons aragck and light brownish gray and
dark gray soft shale present. There are fine prentistrong brown mottles present.
These horizons also have many yellowish brown stams in cracks and seams. The Crl
horizon has many fine nests of gypsum and othés, sahile the Cr2 horizon only has few

fine nests of salts (USDA-NRCS 2012h).
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Opal soils are used both as cropland and rang€ld8DA-NRCS 2012h). The
dominant range species for this soil series areamesvheatgrass, green needlegrass, blue
grama, sideoats gramBdutel oua curtipendula), and sedges. The land capability class for
this soil series is 3e, meaning it is suitabled@pping and the dominant limitations are
wind and water erosion (USDA-NRCS 2012b). Othdéssassociated with the Opal soils
are the Bullcreek, Chantier, Dupree, Hurley, Ldtakoma, Promise, and Sansarc soils
(USDA-NRCS 2012h).

Cabba soils are classified as loamy, mixed, supigeacalcareous, frigid, shallow
Typic Ustorthents (USDA-NRCS 2012g). This soilisglis found in western North
Dakota, central and eastern Montana, and northweStuth Dakota. These are shallow
loams found on terrains with a slope of 3-60%, armdkerived from loamy residuum
derived from sedimentary rock parent material. Tadba soil is well-drained,
moderately permeable with a slow to fast runoffedepng on the slope. These soils are
found on backslopes and shoulders of hills. Therdgtope shape is convex and the across
slope shape is convex and linear (USDA-NRCS 2012a).

The typical Cabba series pedon consists of thewiatlg horizons: A, Bk1, Bk2,
and Cr (USDA-NRCS 2012g). The A horizon is 7.5tbick and grayish brown loam.

The structure is moderate fine granular. Therexary very fine and fine roots in this
horizon. The horizon is slightly effervescent atighdly alkaline. The Bk1 horizon is 13
cm thick and light brownish gray loam. It has wéiak and medium subangular blocky
structure. There are many very fine and fine rowith many very fine pores present. This
horizon is strongly effervescent and slightly ailkal The Bk2 horizon is 18 cm thick and

pale brown clay loam. Very fine and fine roots esenmon as well as very fine pores.
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There is strong effervescence in this horizon ammoderately alkaline. The Cr horizon
is 114 cm thick and pale brown. There are a fery fine and fine roots, mainly in the
upper part and in vertical cracks. This horizostisngly effervescent and moderately
alkaline (USDA-NRCS 20129).

Cabba soils are mainly found in rangeland (USDA-I$RZD12g). The dominant
species for this soil series are little bluest&ahizachyrium scoparium), western
wheatgrass, needle and thread, prairie sandf&ednfovilfa longifolia), bluebunch
wheatgrassHseudoroegneria spicata), green needlegrass, plains muhly, forbs and shrub
The land capability class for this soil is 7e, megrhis soil is not ideal for cropland but
suitable as rangeland (USDA-NRCS 2012a). A linotabn this soil is water erosion
(USDA-NRCS 2012g).

Wayden soils are classified as clayey, smectititgareous, frigid, shallow Typic
Ustorthents (USDA-NRCS 2012i). They are foundastern and northern Montana,
western North Dakota, north central Wyoming, andhwestern South Dakota. This soill
series is found on sites with 6-40% slope and forfn@m parent material that is clayey
residuum weathered from shale. This soil seriegeit-drained with slow permeability
and slow to rapid runoff, depending on slope. Ehssls are found on shoulder,
backslopes, and summits of hills. The down sld@ps is convex and the across slope
shape is either linear or convex (USDA-NRCS 2012c).

The typical pedon of the Wayden soil series costétie following horizons: A,

Bk, By, and Cr (USDA-NRCS 2012i). The A horizon/7i$ cm thick and light gray silty
clay. The structure is strong, very fine granul@here are many fine and very fine roots.

This horizon is slightly effervescent and moderatdkaline. The Bk horizon is 10 cm
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thick and light gray silty clay. Itis a moderatarse and medium subangular blocky
structure parting to a moderate fine subangulackylo Fine and very fine roots are
common with fine pores. This horizon is slightligaine with strong effervescence. The
By horizon is 20 cm thick and light gray silty clayhe structure is weak coarse,
subangular blocky parting to moderate fine subaarduibcky. There are fine and very
fine roots common in this horizon as well as mayysyim crystals present. This horizon
has slight effervescence and moderately alkaliftee Ct horizon is 114 cm thick and olive
silty clay shale with yellowish brown moist staims plates. It is extremely hard and very
fine and slakes in water. It has a slight effeceese and moderately alkaline (USDA-
NRCS 2012i).

The Wayden soil series is mainly used as rangelamgetver some areas with
gentle slopes can support small grain crops (USD¥CS 2012i). The predominant
species found on rangeland sites include: westbgatgrass, little bluestem, needle and
thread, forbs and shrubs. The land capabilitysdlasthis soil is 7e, meaning it is not well
suited for cropland and the greatest limitatiowiisd erosion (USDA-NRCS 2012c).

Soils associated with the Wayden series includeoiBelfield, Bradenburg, Cabba,
Flasher, Moreau, Morton, Regeant, Rhodes, Ringlham and Vebar (USDA-NRCS

2012i).

Methods
Infiltration rates were evaluated on the Opal, Galamd Wayden soil series in late
July 2011. There were three treatments evaludtedch soil series, two on the prairie dog
town near the burrow and off burrow site, and at@dsite not affected by prairie dog

activity. Eight infiltrometers were randomly platen the Control and sixteen
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infiltrometers were placed on the prairie dog toviight prairie dog burrows were
randomly selected for each soil series, with eigfitrometers placed 30 cm from the hole
center and eight placed 200 cm from the hole center

A single-ring infiltrometer was used to determinéliration rates (Sarrantonio et
al. 1996). An aluminum ring (i.e., a 15 cm i.d. irrigation piput to a 15 cm length) was
inserted into the soil to a depth of 7.5 cm to wbiafiltration rates. There were two
separate applications of water applied to the esecl®pace of the ring with each
application being equivalent to a 25.4 mm deptthiwithe ring. The time it took for each
application of water to infiltrate into the soil seecorded using a stopwatch. Data taken
from the second water application was used fornyaisto compensate for any potential
differences in antecedent water content amongédatnents.

Soil water content was sampled using two differaathods to a depth 0-10 cm. A
step-down probe was used to collect samples frenofihburrow sites and control. A
trowel was used for samples near the burrow. fdwee was used because soils 30 cm
from the hole center were excessively loose, asuitable core could not be made with the
step-down probe in the core barrel. Gravimetritwater content was determined for
each sample by measuring the difference in massdahd after drying at 105°C for 24
hours (Gardner, 1986).

Penetration resistance was determined using a dgreaame penetrometer with a 2
kg sliding hammer and a 60 cm drop height (Heraiod Jones, 2002). The number of
hammer blows needed to penetrate a 5 cm soil degdlrecorded in each treatment.
Measurements were made in triplicate near eadheoéight infiltrometer sites at 30 cm

and 200 cm from the hole center. The measuremaTts made within 200 cm from each
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of the eight infiltrometers on the control. Measments were converted into energy
(joules) and the mean was calculated from the thre@surements taken near each

infiltrometer.

Statistical Analysis

Treatment and application effects for the infiltvatrates were analyzed using a
nested design with the distances from the mountecéeing nested within the mound.
The PROC MIXED procedure (Version 9.2 of the SASt&8m for Windows, Copyright ©
2002-2008 SAS Institute Inc.) was used for thaddteal analysis. Means were compared
using the LSMEANS procedure with the overall p-esfujusted by using the Tukey
procedure. The data were transformed using Idgaitt transformation to normalize the
data and a#£0.05 was considered significant.

For soil water content and penetration resistatieelocation effects on these
parameters were analyzed. A linear model ANOVAgtegVersion 4.3 of the SAS
Enterprise guide for Windows, Copyright © 2006-2@AS Institute Inc.) was used for
the statistical analysis. The LSMEANS procedurs wsed to compare the means with the
overall p-value adjusted by using the Tukey proced X 0.05 was considered

significant.

Results
There were no differences (P>0.05) in infiltratiates on the Opal soil series in
either the first or second application of wateg(ffe 3.1). The near burrow infiltration
rate was higher than the infiltration rates on@uatrol (P=0.0077) and off burrow
(P=0.0007) sites for the first application of waterthe Cabba soil series. For the second

application of water, there were no differencesQ(P5) between treatments on the Cabba
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soil series (Figure 3.2). The infiltration ratesre higher on the near burrow site than on
the Control (P=0.0001) and off burrow (P=0.0018&ssior the first 25.4 mm on the
Wayden site (Figure 3.3). For the second 25.4 rhweater, the Control site had a lower

infiltration rate than the near burrow (P=0.000@y @ff burrow (P=0.0369) sites.
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Figure 3.1. Infiltration Rate (mm/minute; = SE) by treatment the Opal Soil Series near
McLaughlin, SD, July 2011. Values within applicativith the same letter (a,b) are not
significantly different (P>0.05).
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Figure 3.2. Infiltration Rate (mm/minute; = SE) by treatment the Cabba Soil Series
near McLaughlin, SD, July 2011. Values within apgation with the same letter (a,b) are
not significantly different (P>0.05).
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Figure 3.3. Infiltration Rate (mm/minute; = SE) by treatment the Wayden Soil Series
near McLaughlin, SD, July 2011. Values within apgation with the same letter (a,b) are
not significantly different (P>0.05).

Penetration resistance was higher on the Contrd).(®01) and off burrow
(P=0.0001) sites compared to the near burrow sitédne Opal soil series (Figure 3.5).
Similarly, the Cabba soil series with the Contfe(.0001) and off burrow (P=0.0001)
sites required more energy to penetrate into tiersam the near burrow site. On the
Wayden soil series, the Control had a higher patietr resistance than both the off

burrow (P=0.001) and near burrow (P=0.0001) sitdsle the off burrow site had a higher

penetration resistance (P=0.0002) than the neao\site.

79



250
a
200 T ?
a
a
150 I 7
9 1 1
3 = Near
100 +— Off
u Control
50 ——
b b
.| . |
Opal Cabba Wayden
Soil Series

Figure 3.4. Penetration resistance (Joules; + SE) by tredtfoetthe Opal, Cabba, and
Wayden soil series near McLaughlin, SD, July 204dlues within soil series with the
same letter (a,b) are not significantly differe$0Q.05).

Discussion
The near burrow site had a faster infiltration té@n both the off burrow and

Control sites on the Cabba and Wayden soil seviethé first water application. For the
second water application, the near burrow siteherWwWayden soil series had a higher
infiltration rate than both the off burrow and Cahtsites. Higher infiltration rates were
observed near the burrows of ground squirger(nophilus townsendii andSpermophilus
elegans) in southeastern Idaho (Laundre 1993) and poaiethers (Geomyidae) in
northeastern Colorado (Grant et al. 1980) comptredjacent non-burrow sites. The

higher infiltration rates found on the PDTs near thound was likely facilitated by the
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loose friable soil condition characteristic of rnettg deposited soil material (Turner et al.
1973).

Wood et al. (1987) determined that infiltrationesre influenced by soil texture,
soil bulk density, vegetation cover, and soil oiganatter, with the vegetation cover being
most significant. Vegetation slows runoff rated &eeps the water on the soil longer
allowing it to infiltrate into soil. With burrowigg mammals, there is a possibility that their
burrowing activities may lower the soil bulk degsin the mound soil associated with the
burrows, which also could contribute to increasdiltiation rates (Kerley et al. 2004).

On the Wayden solil series, the near burrow siteakéessto take in water more effectively
than the off burrow and control sites as indicdtgdhe faster second water application.
Since vegetation cover is decreased on prairie tiygss, this increase in infiltration rates
could help reduce runoff and erosion. Howevédarger scale landscape assessment
should be conducted to more thoroughly evaluateatgoof water movement and erosion
on the PDT.

Grant et al. (1980) found higher infiltration ratessociated with the mound soils of
pocket gophers, though volumetric soil water conteas not different between mound
and non-mound soils. In our study we measuredti@metric soil water content and
found treatment effects at two locations. The weatatent was lower on the near (0.11 g
g}) and off burrow (0.12 g} sites than on the Control (0.15 g)dor the Cabba soil
series. On the Wayden soil series, gravimetriemedntent for three sampling locations
were different, with the near burrow having the éstv(0.07 g ¢) and Control (0.13 g9

having the highest soil water content.
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The amount of energy needed to penetrate thevasilowest near the burrow for
all soil series; however, penetration resistanctherOpal and Cabba soil series was not
different between the off burrow site and the CointiOn the Wayden soil series, more
energy was required to penetrate the soil on therGlosite compared to the near and off
burrow sites. This measurement served as a suerégyasoil compaction, with the more
physically resistant soils being more compact (ldkrand Jones 2002). A reason for the
near burrow sites having a lower penetration rescs is due to the looser more friable
soils found in the mounds (Turner et al. 1973)ffd&d et al. (1977) found increases in soll
compaction were associated with lower infiltratrates. Our findings were similar for the
Wayden soil series with the water infiltration atéghest near the burrow site, which

corresponded with the near burrow site requirirsg kenergy to penetrate the soil.

Summary and Conclusions

The objectives of this study were to evaluatedifferences in infiltration rates
between prairie dog colonies and adjacent non4thistusites. There were no differences
in water infiltration rates and gravimetric watengent on the Opal soil series. Soil
infiltration rates were higher at the near burrotess while gravimetric water content was
higher on the Control sites for both the Cabba\Wayden soil series. Penetration
resistance was lowest among sites near the bunnoall three soil series.

Soil infiltration rates were highest when compactivas low, especially on
shallow soils. Prairie dogs effectively increased infiltration rates near burrows, which
incorporated the mound spoil. Due to the burrovantyvities of the prairie dogs, the soil
around the mounds is more friable than non-mourglwaided in increasing the soil

infiltration rates.
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CHAPTER 4. GENERAL SUMMARY AND CONCLUSIONS

The main objectives of this study were to 1) evidhfferences in vegetation
species diversity and richness and determine difiggs in selected soil quality parameters
between prairie dog colonies and adjacent non4thistlisites, and 2) evaluate differences
in soil water infiltration rates between prairiegdoolonies and adjacent non-disturbed
sites. In 2010, plant species richness was lowehe prairie dog town for the Opal soil
series and higher on the prairie dog town on theb@ao0il series. Plant diversity was
higher off of the prairie dog town on the Opal saties in 2010 and 2011 and on the
Wayden soil series in 2010.

Soil type was found to have an overriding influeion differences observed
between treatments. The clayey soils (Opal anddétaytended to have a lower CEC on
the PDT, which was derived by differences in exgieale calcium. On shallow soils
(Cabba and Wayden), total nitrogen was higher erPidT, which in turn influenced the
C:N which was higher on the control. Soil pH wawér on the PDT in the deep clayey
soil (Opal) on the surface (0-10 cm) and at thegpdbspth (60-100 cm), and in the shallow
loamy soil (Cabba) in the middle depths (10-30 cAynmonium was higher on the PDT
in the deep clayey soil (Opal) in the surface soNstrate and phosphorus was higher on
the PDT in all three soil series near the soilatef The differences found between soils
on the prairie dog burrow soils and those off therdws could influence the restoration of
the vegetative plant community once prairie dogsrar longer on the landscape. Patches
will exist in the community corresponding to moudadations, and these patches will be

characterized by increased nutrient availabilitgt Bower soil pH.
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There were no differences in soil water infiltrati@ates and gravimetric water
content on the Opal soil series. Infiltration sateere higher at the near burrow sites, while
water content was higher on the control sites fabléa and Wayden soil series. There was
lower penetration resistance, which served asragate for soil compaction, near burrows
on all three soil series.

Infiltration rates were highest when compactiors\eav, especially on shallow
soils. Prairie dogs presumably increase infiltratiates through their burrowing activities,
which incorporated the mound spoil and was charaeig by low penetration resistance.
Accordingly, prairie dogs seem to have an overwirgjneffect on soil structural attributes
near burrows. However, infiltration rates are iefiged not only by prairie dog activities,

but also inherent soil properties that vary by sgik.
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