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INTRODUCTION

The black-tailed prairie dog (Cynomys
ludovicianus), a large burrowing rodent
found in grasslands of the western Great
Plains, once occurred over approximately
40 million ha before European settlement (1-
3).  Prairie dogs (C. ludovicianus, C. leucurus,
C. gunnisoni, and C. parvidens) covered ap-
proximately 283 million ha in the late 1800s
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We studied vascular plant communities on eight black-tailed prairie dog
(Cynomys ludovicianus) colonies in Cimarron County, Oklahoma.  Our objec-
tives were to determine whether plant species composition and richness varied
within and among prairie dog colonies and to determine whether plant species
composition varied between prairie dog colonies and surrounding grasslands.
We hypothesized that prairie dog colonies in southern shortgrass prairie would
support greater richness than surrounding shortgrass prairie and that differ-
ences would be detected between the edge and interior of the colony as a result
of edge effects.  Data were collected in May 1996, during drought-induced dor-
mancy.  We found a total of 42 species representing 13 families on the eight
prairie dog colonies and adjacent prairie.  Detrended Correspondence Analysis
revealed species composition variation was primarily attributable to variation
among colonies, rather than variation within colonies.  Hence, there were no
distinctions between prairie, edge, and interior habitat types.  A Monte Carlo
test, following a partial Canonical Correspondence Analysis, revealed there were
no significant effects of location within a site on vegetation composition (P >
0.05).  Our findings suggest that the black-tailed prairie dog may not function
as a keystone species in southern shortgrass prairie. © 2001 Oklahoma Acad-
emy of Science

(4), but have been reduced to 2% of their
former range, primarily because of eradica-
tion programs, human development of the
Great Plains (5), and sylvatic plague (6).
     Prairie dogs are recognized by some
ecologists as keystone species in the Great
Plains grasslands (7,8).  Recent scientific dis-
cussions have helped fuel petitions by the



Proc. Okla. Acad. Sci. 81:11-19(2001)

12 J.A. BARKO, M.W. PALMER, J.G. STEWART, and D.M. ENGLE

Biodiversity Legal Foundation and J.C.
Sharps as well as the National Wildlife Foun-
dation to list the black-tailed prairie dog
under the Endangered Species Act.  Even
though the U.S. Fish and Wildlife Service
declined to list the species, the effort high-
lighted the urgency of understanding the
role of prairie dog colonies in ecosystem
function.

Most studies of vegetation on prairie
dog colonies have been conducted within
the northern mixed-grass region of the Great
Plains (9), and most have focused on food
habits of prairie dogs  and dietary overlap
with livestock (1,10).  Studies on prairie dogs
and their effects on vegetation in the south-
ern shortgrass prairie are lacking (9).  Hence,
we agree with Winter and co-workers (11)
that data are needed to help determine
whether prairie dogs actually function as
keystone species throughout all regions of
the Great Plains.

We hypothesized, on the basis of pre-
vious studies conducted in northern mixed-
grass regions of the Great Plains (10,12), that
prairie dog colonies in the southern short-
grass prairie would support greater species
richness than would the surrounding prai-
rie.  We also hypothesized that species rich-
ness on the edge of colonies would be greater
than in the interior of colonies.  Species rich-
ness should be greater where two habitat
types, i.e., prairie and colony adjoin (13).  Ac-
cording to disturbance-diversity theory, the
two disturbances of prairie dogs and cattle
grazing at colony edges should result in
greater species richness than either distur-
bance alone (14,15).  Thus, our objectives
were to determine whether plant species
composition and richness varied within and
among prairie dog colonies and to determine
whether plant species composition varied
between the prairie dog colonies and sur-
rounding grasslands.

MATERIALS and METHODS

During a 1 wk period in May 1996, we stud-
ied plant communities on eight prairie dog
colonies ranging in size from 3 to 302 ha in
Cimarron County, Oklahoma.  Cattle had
grazed the area for several years (land own-
ers, pers. comm.), but no data were collected

to compare the differences in grazing pres-
sure between sites.  The study sites were lo-
cated in the southwestern portion of the
Great Plains Steppe Province (16).  Cropland
and shortgrass prairie compose most of
Cimarron County (17).  The vegetation is
native shortgrass dominated by buffalo
grass (Buchloe dactyloides), hairy grama
(Bouteloua hirsuta), perennial three-awn
(Aristida sp.), sideoats grama (B. curti-
pendula), plains yucca (Yucca glauca), plains
prickly pear (Opuntia macrorhiza), and broom
snakeweed (Gutierrezia sarothrae).  Annual
rainfall ranges from 380 to 890 mm, mean
annual temperature ranges from 10 to 15°C,
and wind velocity ranges from 10 km/hr at
0800 hr to 26 km/hr at 1500 hr (17,18).  Pre-
cipitation during the spring of 1996 was
below normal (19) and the vegetation was
in a state of drought-induced dormancy.

We mapped the extent of eight prairie
dog colonies on 7.5 min United States Geo-
logical Survey (USGS) topographic maps
and digitized their boundaries using Sigma
Scan v. 3.9 (20) to estimate the area of each
colony.  We established a transect along the
long axis of each colony extending from 20
m outside to its center.  The transect began
at the northern edge if the long axis was pre-
dominantly north to south and at the west-
ern edge if it was predominantly east to
west.  Contiguous 1 m2 quadrats were
sampled along each transect from 20 m out-
side to colony edge (prairie) and from the
colony edge to 20 m inside the colony (edge).
We sampled the interior by placing a quad-
rat every 10 m to 80 m, and then every 20 m
to the center of the colony.  Thus, the num-
ber of interior quadrats varied among colo-
nies (13, 7, 7, 5, 46, 26, 9, and 13) because of
the large differences in size (3-302 ha) among
them.  We estimated cover for each species
in each quadrat according to a modified 9-
class Braun-Blanquet (21) cover-abundance
scale (trace, <1%, 1-2%, 2-5%, 5-10%, 10-25%,
25-50%, 50-75%, 75-100%).  Voucher speci-
mens are deposited in the Oklahoma State
University Herbarium.

Initial inspection of the quadrat data re-
vealed relatively few species per square
meter and substantial fluctuation in species
composition between adjacent quadrats.  To
reduce noise in the data, we combined all of
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the aforementioned prairie quadrats, edge
quadrats, and interior quadrats by site.
Thus, there were three samples for each site.
An additional reason for combining the
quadrats was that we could not consider
individual quadrats to be true replicates
(22,23)

We used Detrended Correspondence
Analysis (DCA) on the composite samples
(prairie, edge, and interior as described
above) to examine patterns in species com-
position within and among study sites.  DCA
is a robust technique based on reciprocal
averaging (24-27) and can be useful in as-
sessing gradients in species composition.
Analyses were performed by using the pro-
gram CANOCO (28), with a downweighting
of rare species (i.e., species with frequencies
less than 20% of the maximum) and square-
root transformed species cover value.  These
options decrease the disproportionate effect
of infrequent species and generally enhance
interpretation (29).

Although DCA is useful for describing
and displaying trends in species composi-
tion, it is primarily used as an exploratory
technique, and hence, it is not associated
with inferential statistics such as testing sig-
nificance.  Therefore, we performed a par-
tial Canonical Correspondence Analysis
(pCCA) with a Monte Carlo test to assess
effects of location within a site on species
composition (28).  Because the beta diver-
sity was low in the original data set, a linear
Redundancy Analysis (RDA), followed by
a Monte Carlo test, was performed to assess
the effects of  prairie, edge, and interior
within sites (30).

RESULTS

Forty-two plant species representing 13
families were present on the eight colonies
and adjacent prairie.  Thirty-two species
were found within prairie dog colonies.
Grasses and composites had the most spe-
cies represented, 9 and 11, respectively.  The
most frequently observed species in all three
sample types, i.e., prairie, edge, and interior,
were buffalo grass, broom snakeweed, and
globe mallow (Sphaeralcea coccinea).  The
most widely distributed species, found in at
least 75% of the colonies, included plains

prickly pear, broom snakeweed, globe mal-
low, perennial three-awn, buffalo grass, and
blue grama (Table 1).
     A DCA (Fig. 1A) revealed that the major
gradients in species composition were pri-
marily related to variation among sites,
rather than variation within sites.  Sites with
low first axis scores, e.g., Sites 3 and 4, had
relatively high cover of sideoats grama, and
sites with high first axis scores, e.g., Sites 6
and 7, had a high cover of perennial three-
awn and other grama species, and therefore
might represent a midgrass to shortgrass
gradient (Fig. 1B).  The relative locations of
the habitat types, i.e., prairie, edge, interior,
in ordination space were not consistent
among sites, which suggests composition
does not vary consistently among these three
habitats.  Hence, we performed a pCCA with
site locations as dummy covariables and the
site types as dummy explanatory variables.
A Monte Carlo test  revealed that location
within a site had no effect on species com-
position (P  > 0.05).  The beta diversity was
low in the original data set (only 1.6 SD units
along the first axis; Fig. 1).  However, an RDA
followed by Monte Carlo tests resulted in
no significant effects of edge, prairie, and
interior within sites.  It is possible that the
lack of interpretable or significant effects
occurred because of the arbitrary cut-off of
20 m to represent the edge conditions.  For
example, true edge may only extend a few
meters into the colony.  To assess this possi-
bility, we performed a DCA on quadrats,
which revealed no obvious patterns in first
axis and second axis scores as a function of
distance along the transect (Fig. 2).

DISCUSSION

On our study sites plant species richness was
less than values reported from other studies
conducted on shortgrass and mixed-grass
prairie.  Bonham and Lewick (10) found 35
species inside a colony during a study con-
ducted on a shortgrass prairie in Colorado.
Uresk (12) identified 39 species associated
with colonies in a South Dakota mixed-grass
prairie.  Archer and co-workers (31) and
Coppock and co-workers (32) reported
greater species richness on prairie dog colo-
nies than on surrounding mixed grass prai-
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TABLE 1. Observations of vascular plant species by site and category: prairie (p), edge
(e), and interior (i).  Nomenclature follows Kartesz (40).

Species Site
1 2 3 4 5 6 7 8

Agavaceae
 Yucca glauca e i
Asteraceae
 Ambrosia psilostachya pei
 Engelmannia pinnatifida p pei i p
 Evax prolifera e
 Grindelia squarrosa e
 Gutierrezia sarothrae pei pe pe e pei i pe pei
 Helianthus annuus e
 Machaeranthera pinnatifida p
 Tetraneuris herbacea pe
 Xanthium strumarium e i pe
 Zinnia grandiflora e
 Unidentified composite ei
Cactaceae
 Echinocereus viridiflorus pe pe
 Opuntia sp. pe ei ei p i e pe pe
 Opuntia imbricata e pi
Chenopodiaceae
 Salsola kali e p
Euphorbiaceae
 Chamaesyce fendleri i
 C. lata ei p
 Croton sp. p e i
 Croton texensis e
Fabaceae
 Psoralidium tenuiflorum p
Malvaceae
 Sphaeralcea coccinea pei pe pei ei pei pei pei
Papaveraceae
 Argemone polyanthemos p
Poaceae
 Aristida sp. pei p pei i pei pe
 Bothriochloa saccharoides pi
 Bouteloua curtipendula pe pe
 B. gracilis pe pe pe pei pei ei p
 B. hirsuta pe pe p pe e
 Buchloe dactyloides pei pei pei pei pei pei pei pei
 Hilaria jamesii p e e
 Muhlenbergia sp. i pe
 Schedonnardus paniculatus p
 Sporobolus sp. i
 Unidentified grass e
Solanaceae
 Solanum rostratum e pe
Verbenaceae
 Verbena bracteata i
Unidentified
 Unidentified A p
 Unidentified D pe
 Unidentified E p
 Unidentified F (forb) e
 Unidentified G p
 Unidentified H p

Totals 7 7 12 18 15 15 18  9
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Figure 1. Detrended Correspondence Analysis of composite sample quadrats of prairie, edge,
and interior combined within a site.  The first two axes had eigen values of 0.178 and 0.093,
and beta diversities of 1.195 and 1.008, respectively.  (A) Sample scores.  Samples from the
same site are connected by lines. P, I, and E refer to prairie, interior, and edge, respectively,
and the number is the site number.  (B) Species scores for the ten most abundant species.
Note the change in scale from Figure 1A.

B
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Figure 2. Detrended Correspondence Analysis scores of quadrats as a function of position
along the transect.  For clarity, interior quadrats greater than 50 m from the colony’s border
are not shown; there were no obvious trends at these distances.  The number refers to the
sitd number.  (A) DCA axis 1.  (B ) DCA axis 2.

B

A
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rie.  We found higher species richness (r) on
Sites 4 (r = 18), 5 (r = 15), 6 (r = 15), and 7 (r =
18) than on other colonies.  Expanding or
younger colonies may have greater species
richness than non-expanding or older colo-
nies (32).  Although we do not know the ages
of all of our colonies, Sites 4, 5, 6, and 7 had
recently expanded, which created recently
colonized conditions.  Colony expansion at
Sites 1 (r = 7) and 8 (r = 9) were hindered by
poisoning of the prairie dogs.  The colony at
Site 2 (r = 7) was unable to expand because
of topography, and Site 3 (r = 12) was se-
verely overgrazed by cattle.

One possible explanation for the
greater species richness of vegetation on
prairie dog colonies of northern mixed prai-
rie and shortgrass prairies to the north of our
study area is that these more northerly grass-
lands have a more equal mix of plants rep-
resenting the C3 and C4 photosynthetic
groups.  Vegetation dominated by C4 grasses
occupies most of the southern portion of the
Great Plains grasslands, whereas the more
northerly portions are codominated by C4
and C3 grasses (33).  Hence, disturbance by
prairie dogs in the C3-C4 grass codominated
grasslands may have greater potential for
richness.  Conversely, the pattern of richness
we see in our study and other studies may
be an artifact of other unidentified factors.
For example, several kinds of disturbances
and disturbance interactions, e.g., fire and
grazing interactions, herbivore-disturbance
interactions, can also alter plant community
dynamics (33).
    King (34) and Koford (35) concluded,
based on plant height and species composi-
tion differences between colonies and sur-
rounding prairie, that vegetation was the key
factor in separating colonies from surround-
ing prairie.  It is possible that the more
ephemeral species, which may show pref-
erences for prairie, edge, or interior condi-
tions, were not present on our sites because
of drought.  Such species may have provided
more additional experimental power to dis-
criminate between species composition
among microsites, i.e., prairie, edge, interior.
Koford (35) found more plant species, espe-
cially forbs, within colonies than on sur-
rounding shortgrass prairie in Colorado.
Forbs, which were rare in our study because

of drought, are minor components of biom-
ass, but can contribute significantly to plant
species richness (14).  Yet their presence is
dependent largely on local biotic factors (33).

Species composition differed more
among sites than within sites in our study,
but plant species richness has been reported
to vary within prairie dog colonies (1).  Al-
though prairie dog activities profoundly al-
ter the physical structure of the vegetation,
we found that location within a colony (prai-
rie, edge, and interior) had no significant
effect on species composition.  Greater het-
erogeneity of plant cover within prairie dog
colonies compared to surrounding prairie
has been reported for prairie dog colonies
within mixed-grass prairies (36-38).  Al-
though our prairie quadrats may have ex-
hibited some characteristics of edge habitats,
we still expected to find differences between
the interior and edge habitats within each
colony.  Drought conditions (9) and/or
heavy cattle grazing may have negatively
affected the results of our study by prevent-
ing growth of some species.   That no differ-
ence in plant richness occurred within colo-
nies may have implications for animals re-
ported to be dependent on prairie dog colo-
nies (8) including the mountain plover
(Charadrius montanus), burrowing owl
(Athene cunicularia), swift fox (Vulpes velox),
and northern grasshopper mouse (Ony-
chomys leucogaster).  Our study suggests that
there may be differences between the north-
ern and southern regions of the Great Plains.
The activities of prairie dogs may alter
mixed-grass and shortgrass prairie differ-
ently.  In general, herbivory has little effect
on richness in shortgrass prairie (39).  This
generality may not extend into mixed-grass
prairie regions.

In conclusion, we found substantial
variation in plant species composition
among prairie dog colonies, but no consis-
tent patterns within colonies. We also found
no difference in vegetation composition be-
tween prairie dog colonies and surrounding
prairie.  Factors such as variation in precipi-
tation, topoedaphic factors, extent of histori-
cal ungulate grazing, and current grazing
pressures may confound the influence of
prairie dogs on vegetation.  Controversy
surrounds federal listing of prairie dogs,
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studies on prairie dog colonies are inconsis-
tent in methodology, and drought and cattle
grazing are commonplace disturbances in
Great Plains grasslands.  Hence, additional
information is needed to make informed
conservation and management decisions
concerning prairie dog colonies in the south-
ern Great Plains.  This indicates the need for
a network of studies similar to ours to be
conducted throughout the southern Great
Plains, but using larger spatial scales for
sampling than we used.
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