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EXECUTIVE SUMMARY

f the black tailed prairie dog (Cynomys ludovicionus) was

¢ dog towns in the Badlands National Park, southwestern
a 3 year period. This study was designed to: L

btics of vegetation and soils in prairie dog towns, (2)
ps among population, age and sex structure on towns, (3)
hic differences in dispersed and resident populations,

gt of environmental variables that can be used to predict
kpansion.

n this study quantitatively defined 4 habitat zones
interior, center, and old town center) that can exist in
rically arranged around the town center, which differed
dog demography. Different conditions of quantity and
Peak standing crop
greater outside dog towns than inside towns that were
rbivores. Old town centers were zones that prairie dogs
long periods of time (> 25 yrs.). Continuous burrowing
mirie dogs had significantly altered plant composition in
Forage in vitro dry matter digestibilities (IVDMD) were

town center. This difference was related to plant

succession, prairile dog clipping activities, and phenological stage of

plant growth withi
and phosphorus est|
which were related

and fecal matter).

n the 4 habitat zones. Soil organic matter, nitrogen,
imates differed among the 4 habitat zones within a town,

to activities of prairie dogs (soil movement, litter,




Female repro
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proximity to bett
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interactions. As
habitat zone of h

shifted farther a

ductive success was lowest in the old town center and

dones that represent long-term and very short~term
1ie dogs, respectively. Reproductive success was highest
interior because of better forage quality and closer

é¢r forage at the town edge. Reproductive success in the
ay have been influenced by density dependent social
black-tailed prairie dog townms increased in size, the

lghest quality (indicated by reproductive success) was

ay from the town center. Thus, old towns, without

expansion, were lower in habitat quality with reduced reproductive success.

Female prairie dogs that immigrated from other towns became

established at to

interior of the prairie dog towns.

edges. Female immigrants were excluded from the

Females that became established in the

young town interipr, center, and old town center, were progeny of

territorial residents. Solitary coteries (family groups) were rare, and

Areas of pot

sufficient disperisers were available) based upon:

dog population at
of the area to th
and density of ve

Intensive mg

immigrants generally established themselves near existing towns.

lential prairie dog settlement could be recognized (if

(1) size of the prairie
the closest point to the area in question, (2) distance

e town edge, and (3) degree of vertical visibility (height

getation).

nagement of prairie dég towns is possible, since managers

can manipulate v
town edge.
(May-June), and

et al. 1981) may

+

rtical visibility and population concentrations along the

Deferment of grazing prior to, and at the time of, immigration

pplication of fertilizer (Snell and Hlavachick 1980, Uresk

help to sustain thick, tall vegetation around edges of



dog towns and decrease town expansion. Judicious use of rodenticides may
be required to decrease population concentrations at town edges and further
reduce dog town expansion. Areas heavily impacted by prairie dogs and
large herbivores may require rodenticide treatment and revegetation for

successful management.
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INTRODUCTION

¢d prairie dog (Cynomys ludovicianus) is a herbivorous,

¢ to the Great Plains of Nofth America. Black-tailed
h large social aggregates known as prairie dog towns.
prairie dogs dig burrows and alter the composition of
brd 1958, Coppock et al. 1983a). Large populations of

¢ dogs presently exist within the boundaries of Badlands

h Dakota.

Prairie dog toyns have, during the past 10 years, expanded on the Park

and other Federal,
1982). Managers ha
by the application
cost effective (Col
dog management prog
rodenticides, requi
dogs.

The objectives

characteristics of

prairie dog town, (

btate, and private rangeland and farmland (Schenbeck

ve sought to reduce black-tailed prairie dog populations
bf rodenticides. However, this practice is not always
lins et al. 1984). An effective black-tailed prairie
ram that strives to minimize the application of

res knowledge of the ecology of black-tailed prairie

of this study were to: (1) determine the
vegetation and soil that are present in a black-tailed

2) estimate population, densities, age, and sex

structure of prairile dogs in a town, (3) determine demographic differences

in disperser and resident populations, and (4) define a set of

environmental varidbles that can be used to predict prairie dog town

expansion.




STUDY AREA AND METHODS

Study Sites

The study was C ducted during three summer field seasons from 1981 to
1983 on 3 prairie dog towns in Badlands National Park, gouthwestern South
pakota (Fig. la); e area receives approximately 40 cm of precipitation
annually, most of whiich falls between early April and mid-July during
intense, patchy thuniderstorms. The mean temperature was 10°C, ranging from
-5°C in January to 26°C in July.

Soils in these gtudy areas were deep sandy-loam gsediments interspersed
with thin layers of| sand and gravel from former stream beds. Topogrephy of

the area was gently rolling mixed—-grass prairie. Dominant plant species

were western wheatgrass (Agropyron smithii), buffalograss (Buchloe

e-and-thread grass (stipa comata), blue grama (Bouteloua

bt

dactxloides , need
gracilis), Patagonia Indianwheat (Plantago gatagonica) and prostrate
vervain (Verbena racteata).

Hockings pra rie dog town was totally enclosed by 8 fence and
unavailable for grazing to both bison (Bison bison) within the National

ems——

park, and to dom gtic cattle from adjacent rangelands. This tbwn was
grazed by cattle |and horses prior to 1979 and had been poisoned for prairie
dogs 1n_1978. Rpberts town was located within the park boundary and

accessible to bilson, antelope, and mule deerT. Greatest use by bison was in

August of each year. The 3rd prairie dog town in the park extended onto

private land ang was grazed by cattle.
At the beg nning of the study (1981) in the Badlands National Park,
the center of ane prairie dog town had been occupied for about 8 years

(Hockings), an was considered to be an example of a "young town" (Fig. 1).

*
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Figure 1. (a)|Badlands National Park and study area location, and
(b) locatien of sampling cells within habitat zones and sampling

scheme for|standing crop biomass and cover.




The prairie dog town lopated on private and national park lands had been

occupied approximately 10 years and also considered to be a "young town".

The center of Roberts town had been occupied by prairie dogs for

approximately 25 years and was considered an "old town".

Prairie Dog Rodenticide Treatment

The 3rd prairie dgg town (12 ha) located on private

and national park

1and. Six ha on private land was treated with 2% zinc phosphide coated

grain after pretreatment grain was applied. Rodenticide was placed on

edges of all burrow motinds during the last week of August 1981 and 1982.

The 6 ha on park lands| was left undisturbed. All prairie dogs were trapped

during the first week dn June and third week in August of 1962 and 1983 on

untreated and treated |[sites. The number of prairie dogs which remained on

the rodenticide treated site were compared to the number of prairie dogs

which repopulated the treated area.

Soils

Soil cores (10 cm depth) were collected during lat

early June 1983, mid-July 1983, and late August 1983.

e December 1982,

Soil cores were

collected in each of khe 4 habitat zones and control on the 2 prairie dog

towns without rodenticide treatment. Soil organic matter was determined in

the laboratory. Available soil nitrogen was determined by chemically

reducing N03 anions to N02 anions with cadmium and copper as reducing

agents, and analyzing the reduced sample with a color-metric flow-injection

autoanalyzer (FIA). Available soil phosphorous was determined with




NHAHCO3-DTPA extra

Laboratory, Colora

Vegetation
Four habitat
subjectively defin
from a relatively
These zones were (
1.,

Control -

2.

Young tow

¢t. Soil analyses were conducted at CSU Soil Testing

do State Univ., Fort Collins, CO 80523.

rones on prairie dog towns (Hockings, Roberts) were

éd which represented a cross section of plant succession
lindisturbed condition, to a highly disturbed condition.
Fig. 1b):

relatively undisturbed vegetation and no prairie dogs.

h edge - territories of prairie dogs bordered by

undisturbed vegeta

3.

Young tow

tion, forbs were less than 25% of total cover.

sides by young tow

cover.

4.

Young tow]

W interior - territories of prairie dogs bordered on all

n edge and center, forbs were less than 25% of total

h center - forbs were greater than 25% but less than 752

of total cover.

5. 014 town

All habitat 2z
Six cells were loc

grazed by prairie

center - forbs were greater than 75% of total cover.

bnes consisted of 6 grid squares, 25 m by 25 m cells.

lated outside the dog town perimeter, 50 m from areas

dogs, and were designated as experimental controls.

These cells were sampled simultaneously in all habitat zones (Fig. -1b).

Standing crop
Hocking) in circul
16 plots within ed
and species pooled

weighed. All samp

+

biomass was sampled for 2 prairie dog towns (Roberts,
ar one-eighth m? plots.with 3 plots clipped per cell,
ch habitat zone. All plants were clipped at ground level
Samples were oven-dried at 60°C for 48 hours and

ling was done at estimated peak aboveground biomass which




occurred sometime f
cover and frequency
30 rectangular (50
and control for 3y
(Daubenmire 1957).

analyses.

ears.

rom mid-July to early August during the study.
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Canopy

of occurence of forbs and grasses were sampled using

cm by 20 cm) plots per grid cell in each habitat zomne

Cover was estimated using 6 visual cover classes

Mean canopy cover per grid cell was calculated for data

In vitro dry matter digestibility (IVDMD) was determined for 2 plant

samples (combined species) per grid cell over a 3 year period (Tilley and

Terry 1963). Fifty ml of an acid pepsin mixture (17.8 ml HCl and 24 g

pepsin per liter of

in a water bath for

24, 36 and 48 hour

water) was added to 5 g samples.

48 hours at 39.5°C.

aftef being placed in the bath.

Samples were placed
All samples were stirred at 2, 6,

After 96 hours,

samples were centerfuged with the supernatant discarded. Warm water was

added (50 ml) to the centrifuged mixture and supernatant was discarded.

Samples were oven dried overnight at 100°C and reweighed. The forage

digestibility (%)

samples.

Tragging

er grid cell was the calculated mean value of the two

Prairie dogs were trapped in each zone from mid-May until the first

week in September

ising 52 Tomahawk 32-inch live-traps (no. 206) baited

with commercial sweet chop, a molasses-coated mixture of cracked corn,

rolled barley and

prairie dogs. All

rolled oats.

Each of the 3 towns were trapped for

animals were toe-clipped for identification, sexed, and

released. Total population estimates were used for statistical analyses.




Food Habits'

11

Fresh fecal material was collected directly from 20 adult female

prairie dogs trapp

habitat zone.

animal and combined.

content was analyz

material in the fed

(Baumgartner and Mgrtin, 1939; Sparks and Malacheck, 196§).

microscope fields d
were expressed and

relative frequency

Reproductive Success

d during July 1983.

d and recorded separately.

f identifiable material was observed per sample.

Five females were sampled per

A minimum of 10 fecal pellets were collected from each

Each female was regarded as a sample, and the fecal

Composition of plant

es was estimated using the microhistological technique

A total of 100

Data

analyzed as percent relative density and percent

by habitat zones.

Reproductive success was estimated by the ratio of

juveniles/potential

ly reproductive female (adult and yearling) captured.

Only "resident" femples were cansidered as potentially reproductive.

Resident females we
during the previous

other territories di

re those that occuppied in their present territory

year as opposed to "immigrant" females which occupied

uring the previous year.

Establishment of Prairie Dogs

Prairie dogs wlre assumed to be immigrants for all towns if they were

adults captured in an area one year, but not captured there the previous

year. Since immigrating black-tailed prairie dogs usually settle at

distances less than

distance was conside

*

50 m from an established coterie (family group), this

red for settlement. Four variables in each grid cell




within 50 m of the dog town edge were measured, and related to the

establishment of a Loterie in previously unoccupied areas, during 1981 and
1982. These variabjes were: (1) number of burrows in the nearest occupied
grid cell, (2) vertfical visibility (height and density) of vegetation, (3)
the distance of expansion burrows from the town edge, and (4) canopy cover

of forbs.

The number of [burrows per grid cell were counted during the first week

of July 1961, 1982, and 1983. The number of burrows per grid cell was used

as an index of popllation density.

Vertical visibility of a grid cell was measured with a 1l-m by 1-m

flourescent orange|board covered with 50 (2 cm b; 2 cm) white squares
equally and alternhtely spaced on its gsurface (checkerboard pattern). The
erect board was observed at a distance of 18 m. If all white squares were
visible, visibilitly was 100Z. When a white square was obscured, 2% was
subtracted from 1Q0Z. During an observation, the board was placed at eacl
corner of the grid cell and observed from the center (18 m). The average
of 4 observations|was recorded for each grid cell.

All grid squares within 50 m of the town edge were sampled in

number of burrows} All areas were sampled during mid-June for distance of
newly established praire dog burrows from previously established prairie
dog burrows. Grid cells were then categorized as occupied or not occupied

by prairie dogs.

mid-August each year for vertebrate visibility, canopy cover of forbs, and I
a

/




Statistical Analys
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is

The effect o
determined with a
biomass, ratio of
1975). Differenc

The demograp
establishing new
observed and expe
dispersers, regar
null hypotheses g
zone, and (2) disp

Burrow densit
edge, and canopy d
discriminaﬁt analy
areas as suitable
Angeles, CA)., Dig
linear combination
between cells with
added to the discr
(F-to-enter = 4.0,
(Lachenbruch and M

Canopy cover

stepwise discrimin

species discrimina

habitat zone, year, and zone by year interaction were
alysis of variance on soil chemistry standing crop
forb cover to grass cover, and plant IVDMD, (Nie et al.
s were considered significant at o = 0,05,

y of female prairie dog dispersers, successful in
erritories, was analyzed with chi-square analysis of
ted establishment (a = 0,.05). Random settlement of
less of habitat zone within a town, was assumed and 2
nerated: (1) dispersers randomly settled throughout the
ersérs randomly settled in the town and control.

y», vertical visibility, distance of burrows from town
over of forbs were statistically tested using

sis to determine if these variables would classify grid
for expansion (BMDP7M, University of California, Los
criminant analysis determined whether each variable, or
s of the variables, could be used to differentiate’
prairie dogs and cells without dogs. Variables were
iminant function with a forward stepwise procedure
F-to-remove = 3.996). Based on jacknifing procedures
icky 1968) error rates were estimated for classification.
of plants and prairie dog food habits were analyzed using
These analysis determined which plant

ant analysis.

ted among the 4 habitat zones. Discriminant

classification funkctions were developed to estimate habitat changes within

prairie dog towns,

*
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Plant compositigpnal changes between grid cells were tested using the
multi-range permutatfon procedure (0'Reilly and Meilke 1980). This
nonparametric permutption procedure calculates the probability of an "a

priori" grouping being a gtrictly random collection of groups chosen from

the total data set.

RESULTS AND DISCUSSION

Soils

Soil organic matter, available phosphorous, and available soil

nitrogen were diffgrent between habitat zones (Table 1). Significant

geasonal differences occurred in soil organic matter #nd available
nitrogen. Season x zone interactions were significant with regard to
organic matter, av jlable nitrogen and available phosphorus. Soils of
black-tailed prairlé dog towns were chemically altered when compared to
mixed grass prairip (control). Organic matter generally showed monthly
changes for all zomes including the control. The control was lowest in
orgaqic matter of [the soil and young town edge zone was the highest in soil
organic matter. Bhosphorus content of the soil was greatest in the young
town center and was the least in the old town center. Monthly changes in
phosphorus content of the soil occurred for all zones and control.
Available soil nifrogen was greatest in the young town interior and least
in the control. Monthly differences in phosphorus content of the soil

occurred among alll zones and control.




Table 1.

nitrogen in

Soil or

including a

+ 957 confid

anic matter, available phosphorus, and available
habitat zones of black-tailed prairie dog towns

one outside of the town(control).

nce intervals.

15

Values represent means

Young Town Young Town Young Town 01d Town

Date Contirol Edge Interior Center Center
ORGANIC MATTER (%)
Dec 30 1.6 4 0.2 4.5+ 0,7 3.5%+0.3 2.9:0.3 3.1¢20.1
June 1 1.6 4 0.3 4.1 0.7 3.0 £ 0.7 3.7 £0.5 3.4%0.4
July 15 4.1 4 0.3 2.9 £ 0.4 4.2%0.7 3.9+ 0.4 3.2 %0.8
Aug 30 3.9 4 0.3 3.6 £ 0.3 3.9%0.2 4.0%0.3 3.8%0.2
PHOSPHORUS (ppm)
Dec 30 1.0 £ 0 28.6 + 5.3 4,2 +1.,5 2.6%1.1 3.6 £ 1,7
June 1 1.0 £ 0 19.8 + 7.5 2.2+0.8 6.8*6,0 1.2%0.4
July 15 8.4 2.5 13,8 + 5.5 4.6+2.6 6.0%7.3 2.2%1.6°
Aug 30 6.4 %/ 1.3 15.4 + 3.4 3.0¢1.0 3.00.7 2.2%1.3
NITROGEN (ppm) |

Dec 30 3.6 2.1 10.6 £ 5.1 3.6+ 1.8 1.6+ 0.6 1.1 % 0.6
June 1 1.8 £{0.6 6.4 % 7.4 7.8%8.1 3.1%1.4 2.0t 1.4
July 15 2.7 £0.4 2.8+ 0.8 2.3%2.6 6.416.1 7.6 + 11.4
Aug 30 1.0 £[0 2.0 1.2 1.0%0 1.0 £ 0 £ 0

1.0
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Soils in the center of the "old town" were lightly packed and eroded.
This was also observed by Koford (1958), and Tileston and Lechleitner
(1966). In this zote, prairie dog densities were low (12-16 animals/ha).
Available soil nitrqgen in the old town center was not different from the
control (Table 1).
Rapid mineralization of soil nitrogen, phosphorus and organic matter
may be related to {hcreased microbial populations. Heavily grazed plants
exude carbon from rpots, and provide forage for microbial grazers (Bokari
and Singh 1974). Bllack-tailed prairie dog towns support populations of
nematodes greater than those populations outside dog towns (Ingham and
Detling 1984). Since heavily graéed areas are more apt to support higher
microbial populatioms, the zone X season interaction of available
phosphorus, nitrogen, and organic matter indicates that differential
populations of soil microbes are exerting an influence on soil fertility.
Black-tailed grairie dogs alter soil structure and chemical
composition by burrowing, and adding excrement as well as plant material to
the soil. Koford (1958) reported burrows of nearly 5 m in depth. Wilcomb
(1954) excavated 12 burrows in Oklahoma and found that they had from 1 to &4
entrances, and averaged Approximately 10 m in length. Prairie dog
burrowing activity brough; about 3.6 m of soil to the surface from 25
burrow entrances.
Black-tailed prairie dog towns exist on a wide range of soils, but
are generally conflined to deep loamy soils rather than the shallow soils
characteristic of |steep slopes and ridges (Reid 1954). Prairie dogs
commonly excavate [large rocks from their burrows, and dig through heavy

clays (Koford 1958). They favor areas of softer materials, especially when

+




beginning a town.
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High densities of prairie dog burrows along old fence

lines, in soils previously excavated by pocket gophers (Geomys sp.), and

old fields from pas
Black-tailed prairi
152 in the Badlandg
slope used by dogs
upper limit to be 2

Dakota.

Vegetation
The 4 habitat

significantly separ
plant species (Tabl
wheatgrass, and tum|

6-week fescue (Vulp

t farming practices were common in our study area.

e dogs avoild excavating burrows on slopes greater than
National Park. Reid (1954) reported the upper limit of
to be 307 in North Dakota. Koford (1958) regarded the

27 from observations made in the Black Hills of South

gones and the mixed grass prairie zone (control) were

ated by discriminant analysis using canopy cover of 6 -
g 2). Three perennial grasses [buffalograss, western

blegrass (Schedonnardus paniculatus)], 1 annual grass,

Lla octoflora)), and 2 forbs [Patagonia Indianwheat, and

prairie dogweed (Dy

gsodia papposa)] were most important in the discriminant

functions (P < .01;

Error rates were gr

error rate using jackknife classification = 10%7).

eatest for the young town edge (33%) and in the control

(17Z). The method
town involves colle
The mean cover valu
values of the const
with the highest sc
collected (MacCrack

monitor changes in }

However, some cautid

-

sed for prairie dog habitat classification within a
ting canopy cover data for each of the 6 plant species.
s obtained are multiplied by tﬁe coefficients with

ant included. These values are summed and the habitat
ore is the particular site assignment for the data

en et al. 1983). This information can.be used to

)Jabitat zones over time within a prairie dog town.

n should be used with this approach to classification
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Table 2. Classification coefficients for canopy cover of plants associated

with &4 prairie dog habitat zones on towns and mixed grass prairie

(control).
‘COEFFICIENTS
01d Town Young Town Young Town Young Town

Variable Center Center Interior Edge Control
Plantago

patagonica -1.12208 20.42869 13.53371 12.072386 12.63904
Agropyron

smithii - .23854 2.85443 1.44367 1.70882 2.83610
Bachloe

dactzloides - 19544 3.89478 5.14497 4,74508 4,75192
Vulpia v '

octaflora - .[18045 2.01721 .68621 1.66920 4.,01270
Schedenardus

ganiculatus - .[79725 17.81446 12.84127 11.16556 10.94678
Dzssodia .

papposa 6.56054 - 4,85253 - 3.05186 - - 2.88169 - 3.41382

CONSTANT -52./60401 -293.82901 -255.93636 -219.51019 -233.17598
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of habitats (Rumble 1983), since, a small sample of prairie dog towns were
‘used in this study; Other parameters may have to be measured in future
studies depending gpon the goals and objectives.

Changes in plant composition which separate the control from early
stages of prairie dog invasion are related to reductions in tall grasses
and increases in sHortgrasses (Bonham and Lerwick 1976, Agnew et al. 1986).
Further changes in [vegetation on these prairie dog‘towns occurred as they
become dominated by Patagonia Indianwheat which grows in the exposed soil

surrounding crater mounds. However, Patagonia Indianwheat does not

dominate all dog towns in western South Dakota. Vegetation at the young
town center was characterized by increases in annual érasses and annual
forbs. The old town center was dominated by forb species.

Standing crop bpiomass of plants différed among habitat zones gnd
years (Fig. 2). A year x habitat interaction was also e§1dent (P < 0.05),
Plant‘composition differed (P < 0.05) among the habitat zones, as related
to prairie dog actiyity (Fig. 3). The IVDMD of vegetatioh was different (P
< 0.05) among habitat zoneé (Fig. 4). These differenées among habitats in
IVDMD were related to changes in phenological development of plants.
Pfairie dog use and activities‘suppressed phenological development and
maintain the vegetatiion in a vegetative stage. Young vegetation being
higher in nutritiondl qualities than older mature plants. Annual
differences occurred in forb/grass ratios among habitat zones (Fig. 5), but
not in IVDMD (Fig. 4.

Forbs and grasses which were pPresent near town centers were clipped
close to the ground py prairie dogs and maintained in a state of vegetative

regrowth, Some species took on a prostrate form, e.g. western wheatgrass

+
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ABOVEGROUND BIOMASS

l.so_1 HE 1981
| g 1982
375_ s T Y% 1983
300 |
em? 225 gly
. / 4
150 | Z % Z
" 215
7
0

OUTSIDE YNG EDGE YNG INT YNG CTR OLD CIR

Figure 2. Total pbove ground biomass of plants on the outside of the
prairie dog towns, young town edge (YNG EDGE), young town interior
(INT), young town center (CTR) and old town center at peak during
the period of maximum aboveground biomass. . Bars are 95% confidence
1imits for the mean (n=6).
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CHANGE IN PLANT COMPSITION
(EUCLIDEAN DISTANCE)

110_
9 B 05
88_ P
A ‘ % 1983 . g Z
66 2
2 55 oy /
"
33
22
11 ’
e - %
o i

OUTSIDE YNG EDGE YNG INT YNG CTIR OLb CTIR

Figure 3. Change in| plant composition among the 4 habitat zones within
prairie dog townp -and outside the towns during the period of maximum
aboveground biomhss. Prairie dog town zones include young town edge
(YNG EDGE), intefior (INT), center (CTR) and old town center. Bars
are 95% confidente limits for the mean (n=6). ‘
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OUTSIDE ING EDGE YNG INT YNG CTR

Figure 4. Digestibilities of forage among.the 4 habita
prairie dog towns and outside the towns during the

aboveground biqmass.
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DIGESTIBILITY OF FORAGE %

1981

t zones within
period of maximum

Prairie dog town zones include young town edge

(YNG EDGE), interior (INT), center (CTR) and old town center. Bars
are 95% confidence 1imits for the mean (n=6). :
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FORB/GRASS RATIO

8-
8 1981
6 # 1982
% 1983 21
7
FORB/GRASS  4_
COVER
2 72
T 2
0

OUTSIDE YNG EDGE YNG INT YNG CTR OLD CTR

4 habitat zones within prairie dog towns and outside the towns. Prairie
dog town zones include young town edge (YNG EDGE), interior (INT),
center (CTR) and pld town center. Bars are 95% confidence limits for
the mean (n=6). o

Figure 5. Forb/grasairatios based on % canopy cover during June among the




(Detling and Painter 1983).
town were utilized lpss.
sharply with forage conditions along town edges.

herbivores eliminated standing dead plant material
Vegetation in earlidr phenological stages, é.g.
Painter and Detling
shown in this study;

as time of prairie dog inhabitance on towns increased.

Plants farther away from the

24

center of the dog

Forage conditions near town centers contraéted
Prairie dogs and other
(Coppock et al. 1983a).
tillering (Everson 1966,
1981), accounted for the greater 1VDMD of forage as

Coppock et al. (1963a) found increases in the IVDMD

He also reported an

increase in shoot nitrogen content of vegetation in black-tailed prairie

dog towns with long

histories of inhabitance by prairie dogs.

Black-tailed prairie dogs influence plant composition through grazing

and burrowing. Prafirie dogs forage by

stem (Koford 1958), and by occassionally digging roots.

our study occurred |only during winter and early spring.

clipping plants at the base of the

Root digging in

Prairie dogs

create areas of bare soil_which increases plant seedling establishment.

Dome mounds (King 1955), which are made of excavated mineral soil from

burrow interiors, yere dominated by forbs,

prairie tomato (Solanum triflorum),

including prostrate vervain,

Russian thistle (Salsola kali), scarlet

gaura (Gaura coccipea), scarlet globemallow (Spharalcea coccinea), and

pigweed Amaranthus| spp.
organic material were vacant of plants.
crater mounds, which was scraped bare of

construction, was

cumulative effect

from a mixed-grasg prairie dominated by perennial grasses,

annual forbs and fringed sage (Artemisia frigida).

*

usually dominated by Patagonia Indianwheat.

Crater mounds, built of packed top soil and
The immediate area surrounding

top soil for the mound's

The

of prairie dog activity on plant composition was a change

to dominance of



Food Habits
Diet composit

Average forb/grass
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lon varied greatly (P < 0.05) among the 4 habitat zones.

ratios in fecal samples were greatest in the old town

center (6.3) and decreased in the young town center (1.1), young town

interior (0.9) and
ratios corresponded
vegetation (Fig. 6).

Stepwise disecx
dogs in habitat zon
variables (14 plang
flower parts).

summercypress (Koch

young town edge (0.1).

These changes in forb to grass

to changes which occurred in relative frequency of the

iminant analysis discriminated among diets of prairie

es based on 4 plant species (P < .01), out.of 17

species, grass seeds and glumes, forb seeds, and forb

These 4 species were western wheatgrass, prairie dogweed,

ia scoparium), and Patagonia Indianwheat. Diets of

prairie dogs in the
of the young town e
differ among some h

Western wheatg

dge.

young town interior were similar to prairie dog diets

These analyses indicate that prairie dog diets

pbitat zones of a prairie dog town.

rass was the only grass in prairie dog feces from the

~old town center, anf made up a major portion of the diet (Fig. 7). Western

wheatgrass was less
zones in the young f
abundant.

Both grass and

Grass seeds were a major food item (63%) at the town edge.

abundant (P < 0.05) in prairie dog diets from other

fown, while buffalograss and grass seeds were more

forb seeds were abundant in prairie dog feces (Fig. 8).

Prairie dogs

foraged among grasseés which were not heavily grazed and high in seed

production at the tg

prairie dogs located

wns edge. Forb seeds were heavily used (28%) by

in the young town center. Most of these seeds were
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Figure 6. Average forb to grass ratio of prairie dog diets and plant
canopy cover ([during July. -
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irie dog diets from 4 zones within prairie dog towns.
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SEEDS IN DIET
0.80

#§ FORB SEED

0.60] | mmm
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0.20

0.00

YNG EDGE YNG INT YNG CTR OLD CTR

Figure 8. Relativé frequency of forb and grass seeds in prairie dog diets
from the young tiown edge (ING), interior (INT), center (CTR) and old
town center. ‘ .
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Patagonia Indianwheat and summercypress. Other forb seeds were buckwheat

(Polygonum convolyulus), and an unidentified legume.

Forbs, especjally species of pigweed, euphorbia (Euphorbia spp.,

prickly lettuce (lLactuca serriola), cutleaf nightshade (Solanum triflorum),

and buffalo burr S. rostratum) were abundant on the loose soil of dome
mounds. Where mineral soil was scraped bare of topsoil adjacent to crater
mounds, summercypress and Patagonia Indianwheat quickly became established.
Summercypress and |[Patagonia Indianwheat, when available, were both heavily
grazed by prairie |dogs (Fig. 9). Summercypress was most abundant in
prairie dog feces [from the old town center. Indianwheat was found mainly
in dietsvof prairile dogs from the'young town interior and center (Fig. 10).
Prairie dogweed was available only in the old town center, and was
present in diets of prairie dogs located in this habitat zone. ‘This
habitat was characfterized by bare ground and sparse plant cover, similar
to resﬁlts reportefl by Coppock et al. (1980). Prairie dogweed was highly
aromatic and one of a very few species available to prairie dogs. The
presence of prairie doéweed on dog towns was indicative of long-term
prairie dog inhabitance ggnerally ovér 15 years. Black-tailed prairie dogs
appear capable of Eoraéing upon a wi&e rﬁnge of g;asses and forbs. When

available, seeds and flower parts make up a large part of their diets.

Plant changes which prairie dogs induce upon an area was related to feeding
activities. Differential digestion of plant species by prairie dogs 1is not
known to occur at this time.

Black-tailed prairie dogs were generally limited to foraging within
their coterie territory. Only individuals which inhabif territorieé at the

town edge were able to forage freely in the relatively undisturbed prairie.

-
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KOCHIA SCOPARIUM
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Figure 9. Relative frequency of summercypress on prairie dog towns and
in prairie dog diets within zones of a young prairie dog town edge,
(YNG), interipr (INT), center (CTR) and old town center.
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Figure 10. Relative frequency of indianwheat on prairie dog towns and in
prairie dog diets within zones of a young town edge (YNG), interior
(INT), center (CTR), and old town center.
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With changes in plant cpmposition within a prairie dog town, prairie dogs
were able to adjust their diets accordingly as shown in our study and by
Fagerstone et al. (1977). Prairie dogs have been found to consume a wide
variety of plant spefies and seeds, but generally show a preference for

grasses (Fagerstone pt al. 1981, Fagerstone 1982, Uresk 1964, Summers and

Linder 1978).

Vegetation

Plant compositilon of the young town center was different from
interior, edge and dontrol areas (Fig. 11). In‘tﬁé central town area,
annual forbs dominated over grasses. Forbs such as prostrate vervain,

Patagonia Indianwhegt and monolepis (Monolepis nuttaliana) were abundant

and perennial grasses decreased.

Areas outside the town center also showed plant compositional changes.
Concentrated grazing and e#cavation by prairie dogs were not uniform within
a town (Fig 12). Small secondary concegg;ations of prairie dog activity
were common within the‘general town structure and accompanied associated
changes in plant composition.

Changes from pprennial grasses to annual forbs were clearly evident on
prairie dog towns, however, exact plant species composition of town centers
varied among dog towns. Plant species diversity increased after the
initial invasion off prairie dogs, with introduction of forbs on disturbed
areas and around dgme mounds in this study and also reported by King
(1955). On old towyn sites, plant species diversity was low (Coppock et al.
1983a). Agnew et al. (1986) found that fewer plant species occurred on
prairie dog towns, compared to relatively undisturbed mixed grass prairie

*

sites.
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Although plant
the next, the overal
(Koford 1958, King|1l

study areas was conc

where the town originated.

forbs, and accompani

edge, the soil surf

Reproductive Succeds

35

species composition differed grossly from one town to
1 trend was a change from perennial grasses to forbs
955, Garrett et al. 1962). The general pattern in our
entric vegetation zones surrounding a central core

A The dog town center was sparsely vegetated with

ed by a low density of prairie dogs. Near the town

ace was less disturbed and grasses dominated.

The habitat by
effect (P < .01) uppo
Reproduction was gre

territories were sik

major changes in pl
Prairie dogs w
(P < 0.01) reproduc
female, Reproducti
old town éenter, 2/
frequency of densit
have contributed to
survival of juvenil
predation (King 195
predation, prairie
as food which do no

are active all wint

limited forage suppl

+

zones within a prairie dog town were found to have an

n number of juvenilés“per female produced (Fig. 13).
atest (P < 0.01) for individual females whose

uated well inside the town edge, but in areas with no

nt composition from grasses to forbs.

thin the young town‘interior had the greatest

ive success averaging approximately 5 juveniles/adult

e success was lowgé: (P < 0.01) for prairie dogs in the
emale. Abundant perennial plant‘Biqmass, and low
limiting behavioral interactions at the town edge may

a greater reproductive success of adults and greater

s. The effect of these factors may be offset by

» Hoogland 198la). Though less likely to be victims of

ogs at the town interior are dependent on annual forbs
persist during the winter (black-tailed prairie &ogs
Exclusion from surrounding territories further

r).

les for individuals in town interiors.




JUVENILES PER ADULT FEMALE

_1 §H 1982

5 B8] 1983

YNG EDGE YNG INT YNG CIR OLD CTR

Figure 13. Numben of prairie dog juveniles produced per adult female

within the 4 habitat zomes of prairie dog towns. The town zones
are young town edge (ING), interior (INT), center (CTR) and old
town center. |Bars represent 95% confldence intervals.




Garrett et al. (1
reproductive rates in
years old. Long-term
reproductive success d

social interactions.
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982) reported lower prairie dog densities and lower
a 25 year old town when compared to one less than 5
inhabitance by prairie dogs results in reduced

ue to poor forage supplies and density limiting

Reproductive potential of black-tailed prairie dogs, which bear a

single litter annually, has been determined by counting corpora lutea,

placental scars, and embryos.

reproductive rate per

counts, from 2 to 5 fr

based on embryo counts.

as large as those of adults.

counts ranging from 1
Pfeiffer (1972) report

Tileston (1961) report

Theisen (1981) reported that the annual

female ranged from 2 to 7 based upon corpora lutea

om counts of placental scars, and between 4 and 5

Theisen also reported litters of yearling females

Stockrahm (1979) reported placental scar

to 11 with an average of 5 (*2, 957 CI) per female.
jed a mean embryo count of 5, while Koford (1958) and

led 4 and 5, respectively.

Embryo counts from prairie dog populations have suggested an average

litter size (at birth)

reported 5 juveniles/f

from the burrows was lpss.

emerged in a young pra
litter size of 3 in a
years of age.
juveniles at burrow en

(Kerwin 1972) to 5 (Ki

irie dog town.

of 5 juveniles. However, Garrett et al. (1982)

pmale at birth but the number of juveniles emerging

Our study showed a high of 5 juveniles/female

Garrett et al. (1982) reported a mean

newly established town, and 3 from a dog town over 25
Other rpports of mean litter size, as determined by counting

trances after emergence in mid-spring, ranged from 3

ng 1955).
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Establishment and immigration

A total populat
(Hockings, Roberts)

Immigrants of both s

population in 1982 and 1983.

the study area durin

fon of 164 prairie dogs was estimated in the study area
during 1961, 206 in 1982, and 223 during 19863.

lbxes accounted for 15.5Z (32) and 16.1% (36) of the
Nineteen female immigrants were captured on

g 1962, and 16 during 1963. These females made up 8.3%

and 6.1% of the totgl population in 1982 and 1983 respectively.

Establishment by female immigrants was greatest (P < 0.01) at

prairie dog towns (I

Mg, 14).

the edges of

Fewer immigrants become established within

the interior of towns than expected by chance (P < 0.01).

The density of
habitat zones (Fig.
interior of the youi
entrances/animal).
old town center (13L

Female immigra

resulted in the exp

hts established along the edge of the dog town,

lansion of the town area.

prairie dogs was not uniform (P < 0.01) over the 4

15). Highest densities of animals were observed in the

hg town during 1982 (44.0 animals/ha., 3.8 burrow

The lowest densities of animals were observed in the

9 animals/ha, 4.2 burrow entrances/animal).

which

The choice open to dispersing

females for colonization was the town edge or open prairie, as town

interiors and centers were fully occuppied.

prairie dog towns was rar

immigrants were reg
interior. Recruit
other prairie dog 1t
territory.

individuals‘outsida

territorial system

*

territories, was

However, establishment of new

e on the open prairie (Garrett 1962). Female

tricted from settling within territories in the town

ment in interior territories, which were bordered by

restricted to progeny of females of a

Coteries of black-tailed prairie dogs were antagonistic toward.

their own group (King 1955, Garrett 1982). The

of this polygynous social herbivore was matrilineal,
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NUMBER OF FEMALE IMMIGRANTS

20
.
_ #§ 82 OBSERVED
15 % #ff 82 EXPECTED
% % 83 OBSERVED
Z ] 83 EXPECTED
10_ g -
z

YNG INT ING CTR OLD CTR

Figure 14. Number|of female immigrants observed and expected with Chi
square analysis on 4 habitat zones, young town edge (YNG), interior
(INT), center (CTR) and old town center during 2 years.




PRAIRIE DOG DENSITY

g8 1982
50

B ]} 1983

ANIMALS/HA

YNG| EDGE YNG INT YNG CTR OLD CTR

Figure 15. Density of black-tailed prairie dogs located within 4 zones
of the town during P years. The zones are young town edge (YNG),
interior (INT), center (CTR) and old town center.
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i.e. territory rem
progeny. Though g
the town interior
town edge incorpor]
with no opportunit
members to progeny

settle at the edge

reported by Garret

Response to Rodent
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ained under the occupancy of the coterie's female

cceptance of female immigrants into territories within

was rare, occasionally newly organized coteries along the

ated immigrants of both sexes. Groups of prairie dogs

y to expand theilr territory limit their acceptance of new
. In this study, prairie dog immigrants prefered to
s of established dog towns. Similar results were

t and Franklin (1982).

icide Treatment

A total of 76

treated site in 19

61 before zinc phosphide was applied (Table 3).

individuals were captured on the 6 ha rodenticide

During

the 1982 season, after zinc phosphide treatment, 26 individuals were

captured in the tr|
second application
in the treated sit

Numbers of ma
different (P < 0.0
and 1983 (Table 3)
on treated sites w

1 d.f.). Non-lact

leated site, and 59 in the control (Table 4).

After the
of zinc phosphide in 1982, 19 individuals were captured
e, and 68 in the control.

les and females of the control population were not

) from expected numbers (chi-square, 1 d.f.) during 1962
. Immigrant yearling numbers were greater than expected

hen compared with immigrant adults (P < 0.0l1, chi-square,

hting females made up 1007 (13/13) of the female

population of immi
Numbers of non-lac
immigrants than am
chi-square, 1 d.f.
(1/30) of the pote

1983,

rants on treated sites in 1982 and 757 (6/8) in 1983.
ating females were greater than expected among

ng resident females in the control site (P < 0.01,
Non-lactating females on the control site made up 37

) .
htially reproductive population in 1982, and 8% (3/38) in
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Table 4, Comparigon of reinvading black-tailed prairie dogs that
immigrated tq9 a zinc phosphide treated and an adjacent untreated

study area.

Treated Untreated
June August 1 June August
1982
Adults 5 2 6 11
Yearlings 8 11 ‘ 3 4
Juveniles 0 [} 20 30
Total . 13 13 29 30
19832
Adults 3 2 5 13
Yearlings 8 ' 6 ' 3 5
Juveniles 0 0 22 20
Total 11 8 30 38

1Reinvasion after zinc phosphide treatment in mid-August 1981.

2Reinvas:lon after zinc phosphide treatment in late-August 1982.




Application of
1981, and 100% in 1

1983 among newly es

suggests that black~-

and do not give bir
territory.
Two yearling £

durin

treated site in June 1982.
acquired territoriesg.
August 1982, one female had returne
instance of a returm
study, this same female again immigra

the time of her sec

Total prairie
constant, although
the immigrants on ¢

June and recaptured

common to both trapping sessions.

populations of transient prairie dogs.

between trapping s
to bear young in tl

The large per
their original ter
Non-

immigration.

breeding geason.

+

g August 1981 Within the untreated site, were Ie

essions, perhaps searching for suitabl

centage of non-
ritories indicate
lactating females immigrated following an uns

Older females that immi
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of the prairie dogs in

4inc phosphide eliminated 98.77%

uction during either 1982 or

982. There was no reprod

tablished prairie dogs on the treated site. This

tailed prairie dogs disperse after the mating season,

th during the first year in a newly established

elmales, captured as juveniles in the same territory

captured in the

Both travelled nearly 500 meters to their newly

Both females showed no signs of lactation. By

d to her natal coterie. A similar

ing immigrant was observed by Garrett (1982). 1In our

ted into the treated area in 1983. At

bnd immigration, she ghowed signs of lactatiom.
dog numbers in the treated area remained relatively
many of the individuals changed. During 1982, 72% of

he treatedvarea were the same individuals captured in
in August. During 1983, 68% of the prairie dogs were
Newly established dog town edges supported
Females switched burrows regularly

e winter burrows and

he spring.

lactating females that immigrated from
s that reproductive failure stimulates
uccessful

grated after reproduction may have




lost their young.
territories.
young.
territories succes

Black~tailed
reoccupied by prai
from early May to
most effecﬁive. G
occurred during th
to eradicate prair
and centers. He f
original numbers W
successful. Erad{
years.

The demograph
(1955) reported th

territories to the

territories were d

different adults Were trapped over a short period of time.

Franklin (1962) re
toward males. Thg
towns (Koford 195§
result of coterie
their natal territ

yearlings (Hooglar

roamed the town, 8

id 1981a).
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Some non-reproductivé yearlings remained in their natal

Barren females possibly served as helpers and protected the

All non-reproductive yearling females that remained in natal

sfully reproduced the following year.
prairie dog towns treated with rodenticide were soon

rie dogs. Since the majority of immigration occurred

mid-June, rodenticide:treatment after this period would be

arrett and Franklin (1982) also reported that immigration
is same time period. 'Knowles.(1982) used zinc phosphide
ie dog populations by treating prairie dogs at town edge
ound that prairie dog populations recovered to their
ithin 2 years. Treatment of town centers was more
cation of entire towns were totally recolonized after 4
y of prairie dog immigrants is not well known. King
at females immigrated after weaning juveniles, leaving
ir young. King also reported that newly established
ccupied by highly unstable populations where many

Garrett and
ported that the sex ratio for dispersers was skewed

ugh females outnumbered males in black-tailed prairie dog
» King 1955), males were more likely to disperse as a
structure. Juvenile females often remained as members of
ory and bore young in that territory. Males immigrated as

Yearling males which.remained in the coterie

earching for unoccuppied territories, or territories with
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few members (Knowles 1982, this study). In this study, all yearling males
left before their second spring in the coterie. Hoogland (1982) reported
that adult males tend|to leave a territory after about 2 years, then

establish residence ip a nearby territory.

Expansion of Prairie Pog Towns

Newly established areas were discriminated from vacant areas based on
burrow densities, digtance of burrows from town edge, and vertical
visibility (height and density of vegetation) (P < .01, Table 5). Prairie
dog burrow densities, distance of burrows from town edge, and vertical
visibility were positively related to establishment of prairie dogs. With
these variables, 76%|of the sites examined could be correctly classified as
to suitability for prairie dog occupancy. On areas not suitable for
establishment, 80% of the sites could be correctly classified. Vertical
visibility was the mpst influencing variable for prairie dog establishment.
Prairie dogs were nof attracted to areas with low visibility. Prairie dogs
became established ip areas near territories of large numbers of coteries,
with high burrow denkities. Immigrating prairie dogs selected areas where
buffalograss and blue grama were abundant. Shortgrasses provided greater
vertical visibility |as opposed to other vegetation. The presence of large
numbers of coteries |and high-visibility habitat were components necessary
for prairie dog estgblishment, a distance 40 m from the town edge. The
abundance of forbs had no influence on establishment of prairie dogs.

Dispersing blag¢k-tailed prairie dogs become established near an
existing town edge. Newly'established prairie dogs, at great distances from

the town edge, increased the town perimeter and indicated rapid town growth.

IS




Table 5. Classiff
black-tailed
burrow densit

percent verti
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cation coefficients for established and unestablished
prairie dogs on and off prairie dog towns as related to
jes/ha distance away from burrows at town edge (m) and

cal visibility (height and density of vegetatiom).

COEFFICIENTS
Variable Established Unestablished
Burrows 0.017 - 0.359
Distance 0.014 0.100
Visibility 14.227 15.688
Constant - =27.855 ~34,147




Topography (Knowles
have also been sugge

the number of prairi

establishment of new

Availability of vaca

to prairie dog towns
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1982, Koford 1958) and soils (Koford 1958, Smith 1958)
Eted as affecting the rate of expansion. In this study,
b dog immigrants was an important regulator in the
coteries, and therefore had an effect on town growth.

ht burrows, often created by application of rodenticides

, encouraged prairie dog establishment.

Intense livestodck grazing on grasslands has been implicated in

influencing settlem
(Koford 1958, Snell

because of increased

vegetation) was a ng

particular soil type

Badlands were vegeta

ent and expansion of black-tailed prairie dog towns

and Hlavachick 1980, Uresk et al. 1961, Snell 1985)
vertical visibility. High visibility (low, sparse
tural feature of the vegetation found growing on

s in this study. Sandy, well drained areas in the

ted by sparse blue grama and buffalograss mixtures.

Disturbed areas such as oldfields, fallows, trampled ground around cattle

watering tanks and gates along fence lines have high visibility.

High

visibility due to reduced height of vegetation during drought also

contributes to the ¢

In this study,
in the growth of yo
was common between
Prairie

distances.

before establishme

xpansion of prairie dog towns.

the proximity of other prairie dog towns was a factor

ung towns (also reported by Knowles, 1962). Migration

prairie dog towns, and occurred over relatively great

dogs have been reported to travel approximately 7 km

ht at the edge of a dog town (Garrett 1962).

Prairie dog towns provide habitat for the endangered black-footed

ferret (Fortenbery
terrestrial predato

habitat for many bi

(3

rds (Agnew et al. 1986).

1972, Sheets et al. 1972) and are regularly used by

rs (Cahalane 1950, Smith 1958, Garrett 1982) and provide

They are preferred areas for
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bison in Badlands |and Wind Cave National park (Coppock et al. 1963b). In
order to efficientjly manage black-tailed prairie dog populations, range and
wildlife managers (will need to manipulate the height and density of
vegetation, and pqpulation densities at the town edge. Management of the
vegetation by grazing reductions, revegetation to tall plant species, and
fertilization of rangeland may help limit expansion of black-tailed prairie
dog towns. 1In éone cases, rodenticide use at the town edge may be required

to control expansion of prairie dog towns.
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