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This report sumf
1995) of a multi-year prg
and prairie dogs on planf

nitrogen mineralization &

ABSTRACT

marizes data collected during the first field season (May through August,

ject designed to evaluate the independent and interactive effects of bison

species composition, plant biomass and nutrient dynamics, and soil

it selected sites in the Badlands National Park (BADL), South Dakota.

This is being done by sampling vegetation and measuring soil nitrogen dynamics in five different

herbivore treatments on
aid park personnel in ths
influence of ungulate hes
current re-introduction g

Five herbivore t1

with bison excluded, off-

and off three different prairie dog town sites. Data from this project will

»ir herbivore management efforts and a better understanding of the

bivory on colony patches will assist management decisions regarding the
f black-footed ferrets in the BADL.

eatments were established during the fall and winter of 1994: off-colony

bolony with continued bison utilization, on-colony with bison excluded but

continued utilization by prairie dogs, on-colony with utilization by prairie dogs and bison, and on-

colony with both herbivo
that afforded sufficient s
that had sufficient grass]
Thus, there were three 1
biomass on off-town sites
due to the near eliminati

the sites, off-town sites ¥

res excluded. Three spatially distinct prairie dog town sites were chosen
pace for exclosure construction, that had similar soil characteristics, and
and space adjacent to prairie dog towns for the off-town treatments.
eplicate sites for each of the five herbivore treatments. Aboveground

was more than two times greater than on-town sites. This was primarily
bn of grasses on prairie dog towns. -Although plant cover was similar at all

vere dominated by grasses while on-town sites were dominated by forbs.

Plant species diversity was lower for off-town sites and exotic plants constituted a greater

proportion of the biomas;
greater on prairie dog co

nutrient supplies for on-g

5. Net nitrogen mineralization early in the growing season was four times
ony sites, but all sites exhibited net immobilization by July. Enhanced

olony sites resulted in lower C:N ratios in plant biomass.




colony gradient, with the highest nitrogen concentratio‘ns and highest digestibility found in grasses
in the older parts of the prairie dog colonies (Coppoci: et al, 1983a). Thus, it appears that prairie
dogs positively influpnce forage quality and this may partially account for the preferential use of
colony patches by upgulates (Coppock et al. 1983b).

Herbivore selection of colony patches as feeding sites may also be influenced by the
modifications in plant community structure resulting form prairie dog colonization. At WCNP, the
flat lowland uncolonjzed sites are typically dominated by cool-season (C,) grasses. In young colony
areas, warm-season [(C,) shortgrasses are often more prevalent while in old colonies plant
communities are corpposed principally of forbs and dwarf shrubs (Whicker & Detling 1988b). Plant
species diversity is thaximized on colony patches of intermediate age. Ungulates, in particular
bison and pronghorn, utilize these compositionally distinct colony sub-areas in patterns that vary
spatially and temponally throughout the growing season (Coppock et al. 1983, Krueger 1986).

Modifications of nutrient c;yvcling processes by prairie dogs may have important effects on
ungulate habitat usage and nuf.rition. In preliminary studies at WCNP, colony patches exhibited
higher net nitrogen mineralization rates and lower immobilization relative to uncolonized grassland
(Holland & Detling 1990). Such changes in the nitrogen cycle within colony patches would produce
an increase in plant pvailable nitrogen. This nutrient increase may result from a decrease in
carbon allocation to root biomass whiqh reduces the availability of carbon to decomposers (Holland
& Detling 1990). Since the foraging behavior of bison during rut is targeted at maximizing intake
of grasses high in nutrient quality (Plumb & Dodd 1993), further investigation of ungulate
herbivory on colony ites may reveal a linkage between foraging behavior and colony-mediated
changes in nutrient cyclipg and biomass allocation.

Nutrient cycling is significantly altered by herbivory which stimulates lnutrient uptake b_y
roots (Jaramillo & Detling 1988), increases denitrification rates (Groffman et al. 1893),

redistributes nutrients in the form of feces and urine (Ruess 1987), and increases volatilization of




Natural grassland ec

INTRODUCTION

psystems are adapted to disturbance regimes which include fire and

grazing episodes of variable iptensity. Herbivory by large ungulates, bison (Bison bison),

pronghorn (Antilocapra ame
important component of the

grasslands by prairie dogs (C]

Hcana), deer (Odocoileus spp.), and elk (Cervus elaphus), is an
orassland disturbance regime. The colonization of North American

ynomys spp.) represents a significant disturbance both in terms of

herbivory and landscape modification. Recent research reveals that the presence of prairie dogs

creates a disturbance regime

represented spatially by a mosaic of colony patches in the grassland

landscape. This increased lapdscape patchiness modifies ecosystem structure and function

(Whicker & Detling 1988a).
perturbation of the belowgroj

(Munn 1993), variations in sy

modification of seasonal fee

Colony-induced alterations include changes in patch structure,

ind ecosystem (Ingham & Detling 1984) and soil structure and profile

ecies composition and biomass allocation (Archer et al. 1987),

ing site selection by other herbivores, such as bison and pronghorn

(Coppock et al. 1983b, Krueger 1986), and alterations in nutrient cycling (Holland & Detling 1990).

These ecological consequenc

of prairie dog colonization are of interest in terms of ungulate

management and black-footed ferret (Mustela nigripes) re-introduction (Oldemeyer et al. 1993).

Ungulates exploit thg
(Krueger 1986). Studies conq

colonization alters the morph|

Grass species exposed to graf

unique forage attributes of colony patches during seasonal grazing
fucted at Wind Cave National Park (WCNP) indicate that prairie dog
plogy and nutrient content of forage species with the colony patch.

ing often demonstrate a unique and apparently ecotypic morphology

characterized by reduced aboyeground:belowground biomass, higher blade:sheath biomass, and

generally prostrate growth fo

changes produce grasses with

(Jaramillo & Detling 1988). 1

rm (Detling et al. 1986, Painter et al. 1993). These morphological
shorter stature which may, in turn, increase grazing resistance

Vitrogen content and digestibility of forage species increased along a




OBJECTIVES

The overall objective of this research is to evaluate the individual and interactive effects of

bison and prairie dogs op various aspects of plant productivity and species composition and on

soil/plant nitrogen dynamics. The studies are being conducted in the Sage Creek Wilderness Area

(SCWA) in the North Unit of the Badlands National Park (BADL), South Dakota. To develop an

understanding of how these effects vary in different years, and to gain insight into trends in

vegetational and minerglization changes, the study is expected to continue for multiple growing

seasons. The following

specific research objectives are currently being addressed:

1. Assess the effects of each of the five herbivore treatments (described below) on the:

a. intraseasonal aboveground biomass dynamics of cool season (C,) graminoids,

b. ratio

warm season (C,) grasses, forbs, and other plant species;

of live:dead plant material;

c. crudg protein concentration of the forage;

d. root

e. ratio

biomass; and,

of root:shoot biomass.

2. Compare plant species composition and diversity in each of the five treatments.

3. Quantify soil

nitrogen dynamics that occur in response to the five treatments.




ammonia (Schimel et al. ]
nutrient cycles of prairie
Grazing facilitati

remains largelyv uncharac

986). However, investigative efforts linking these impacts to the unique
dog colonies are rare.
in occurs among prairie dogs, bison and pronghorn, but this interaction

erized in terms of its consequences for nutrient cycling, plant biomass

allocation and species co

position. Attempts to link the disturbance regime of prairie dog colonies

to nutrient cycling and tHe consequences of ungulate herbivory are few. A previous study at

WCNP did reveal a decrdase in mean nitrogen concentration following the exclusion of either

prairie dogs or bison (Cid et al. 1991). However, a broader understanding of the relationship of

ungulate herbivory and the nutrient dynamics of colony patches and neighboring uncolonized

grassland is useful for so

d management of native grassland ecosystems.

IMPLICATIONS FOR MANAGEMENT

The North Unit ¢f the Badlands National Park (BADL) currently supports several

populations of black-taileq prairie dogs (Cynomys ludovicianus) located in several distinct colonies.

It is expected that these

described above. These d

kolonies have modified the grassland landscape in ways similar to those

olonies offer sites for further investigating ungulate herbivory in terms of

biomass allocation, herbivore offtake, species composition, and nutrient cycling. Knowledge gained

from these studies will ai
better understanding of ¢
management decisions re,
National Park system ref

context of grazing patter:

H park personnel in their herbivore management efforts. Moreover, a

he inﬂuenqe of ungulate herbivory on colony patches will assist

rarding the current re-introduction of black-footed ferrets. The Badlands
resents a unique opportunity to quantify ecosystem processes in the

hs and disturbance regime.




concentration of nitrogen in the forage multip.

vegetational categorie

lied by the biomass of that forage, summed across

3.

C. Species compositiop and diversity.

Plant species

three sites in June an|
tested using collection

the site and canopy cover:

exposed soil and litter
plant species richness

for each treatment.

and treatments, floris

romposition and diversity was estimated for all five treatments in each of the
d July. In each site sampled, twenty 0.10 m? quadrats (sample adequacy was
curves [Pielou 1977]) were placed every two meters along the longest axis of
age was estimated for each species (Daubenmire 1959). Percent cover of

was also estimated in each quadrat. Plant community parameters, such as

| relative cover and the Shannon divefsity index (H’), were then calculated

['o compare the extent to which species composition diverges between sites

tic similarity between sites and treatments were calculated for the cover data

with Morisita’s similarity index (Morisita 1959).

D. Soil nitrogen dyn

To assess the im

were incubated in sifu for 30 days at each site from mid-May to mid-August. This

period was expected o capture maximum micro

ics.
pact of these herbivore treatments on net nitrogen mineralization, soils

incubation

bial activity. In mid-May, ten PVC cores (6 cm

diameter, 10 cm length) were randomly placed within each treatment and another ten were paired

within 20 cm of the
member of each pair
laboratory analyses.
jon-exchange resin b
approximately one m

approximately 30 daj

was immediately seale

hg and was then replaced in the ground to incubate under

ys later,

st set of cores. All cores were driven into the ground and withdrawn. One

d in plastic and placed in a cooled chamber for further

The bottom 1 cm of soil was removed from the other core to accommodate an

field conditions for

lonth. This second set of cores was then withdrawn from the soil

sealed in plastic, cooled, and taken back to the laboratory for analyses.



METHODS

A. Study Area and Treatmenis.

Three distinct prairie dog towns (Hay Butte, Kalchbrenner, and Kocher Flats) were

selected in 1994 in the S
National Park (BADL). 1
sites in the same or most

were built on each prairi¢

ice Creek Wilderness Area (SCWA) in the North Unit of the Badlands

'hese three study sites were specifically chosen in an attempt to locate

similar soil series. Two permanent long-term exclosures (ca. 50m X 50m)

dog town, one to keep out bison and the other to keep out both prairie

dogs and bison. A third Bison exclosure was built at a nearby location off each town. Thus, a total

of nine permanent exclos
the Spring of 1995). Twd
town and the other off th
bison excluded (NB), off-(
but continued utilization

and bison (PB), and on-¢q

B. Plant biomnass, forage
On each of the fiy
placed and the vegetation

material was separated b}

ires were built in the winter of 1994 (prairie dog fencing was put up in
additional plots (ca. 50m X 50m) were chosen at each site, one on the

e town. Thus, five herbivore treatments were utilized: off-colony with

tolony with continued bison utilization (B), on-colony with bison excluded

by prairie dogs (P), on-colony with continued utilization by prairie dogs

lony with exclusion of both prairie dogs and bison (NN).

\N-content, crude protein determinations.
le treatments at each site, 10 circular 0.25 m* quadrats were randomly
clipped to ground level once a month in May, June, and July. Plant

v plant functional group (e.g., graminoids, forbs, and other plant groups),

dried to a constant weighk at 50°C in the laboratory, and further separated into live (at time of

harvest) and dead compof
Aboveground nitr

selected subsamples of ed

hents.

ogen concentrations were determined using a CHN analyzer on randomly

ch plant category collected, and converted to crude protein by multiplying

by 6.25. At any given time, standing crop of nitrogen (g N/m?) can be calculated as the




Badlands National Park, S.D., 1995
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Figure 1. Total aboveground biomass in May, June, and July, 1995, for the five different herbivore
treatments. Dhta are means = 1 SE. Significant (<0.05) differences between means are
indicated by different letters above each bar. o
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This procedure was repepted each month from May to August.

Inorganic nitrogen (NO,-N and NH,-N) was extracted from each soil sample and resin bag
in the lab using 2 M KCL Inorganic nitrogen (N;) was analyzed colorimetrically from the extracts

of initial soils, 30 day soils, and resin bags: initial N; was determined from the mid-May extracts,

ined by combining values from the soil extracts and resin bag extracts at

and final N; was determj

the end of each month.

Bulk density was determined for each sample from a 10 g subsample of

initial soil samples that Was oven dried at 65°C for 24 hours.

Because this dat;

have only been up for a

preliminary and subject {

Plant biomass, forage N;

Total abovegrour

RESULTS AND DISCUSSION

h represents only the first field season of data, and since the exclosures
short time, all results and interpretation of them should be regarded as

o change as analyses and additional field seasons are completed.

wcontent, crude protein determinations

1d plant biomass increased seasonally in all treatments with peak standing

crop occurring near the énd (i.e., late-July) of the growing season (Figure 1). Although there were

no significant differences
treatments, plant biomag
(Figure 1). This differen|
towns (Figure 2). Above
forbs dominated the on-t
composition and biomass

towns is similar to that «

in plant biomass between on-colony treatments or between off-colony

s was always greater off the colony ‘relative to on-colony treatments

ce was largely the result of the near absence of grasses on the prairie dog
ground biomass off prairie dog towns was dominated by gfasses while
bwn treatment sites (Figure 2). This pattern of fuhctional group
distribution as a result of herbivore activity associated with prairie dog

thich has been observed in other studies (Coppock et al. 1983; Archer et

10




al. 1987). We expect|that in subsequent growing seasons, significant differences in plant biomass
between on-colony treatments and between off-colony treatments may develop as vegetation that is

protected from prairie dogs, bison, or both, recovers from past herbivore disturbances. (For a

more complete listing of the aboveground biomass data, see Appendix Tables Al - A3.)

Forage N-corjtent, represented in crude protein, generally increased in on-town treatments
relative to off-town treatments (Figure 3), but due to the higher total biomass in off-town
treatments, standing|crop of N (g N/m®) was much higher in off-town sites (Figure 4). These N
patterns did not, however, translate into significant differences in carbon:nitrogen ratios in any of
the treatments. Carpon:nitrogen ratios tended to be lowest in May and increase as the season
progressed (Fi‘gure 5). There was also a general trend for live forbs to have lower C:N ratios than
grasses throughout the growing season and for live biomass to have lower C:N ratios than dead
biomass (Figure 5). [However, there was not any consistent differences between any of the
herbivore treatments. There did appear to be a slight trend for on-town treatments to have lower
C:N ré.tios than off-town treatment, especially evident in dead plant material and later in the

season, but whether|this trend becomes more pronounced in subsequent seasons remains to be

seern.

Species composition|and diversity

Changes in gpecies composition largely reflected the trends observed in biomass with off-

town sites being do ted by grasses and on-town sites dominated by forbs (Table 1). While total

live plant cover did hot vary much among the treatments, bare ground was nearly three times
greater in on-town sjtes relative to off-town sites (Table 1). Likewise, litter cover was only about
5% in on-town sites |put averaged close to 30% off the prairie dog towns (Table 1). One interesting
pattern was the gregter contribution of exotic plants to total plant cover in off-tow*r} sites relative

-~

to on-town sites (Table 1). This was primarily due to the large contributions to plant cover of

13
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Bromus japonicus, an it
town sites. In general, {
substantially to large he

Species diversit}

troduced grass, and Melilotus officianalis, an introduced clover, in off-

hese two exotics are not considered a nuisance and may actually contribute

rbivore diets.

' was higher in on-town sites relative to off-town sites (Table 1) reflecting

the more uniform distribution of biomass among species in on-town sites. Similarity between sites

also mirrored biomass af
having high similarity tg
PB, and NN, being simil
similarity of PB to the g
relatively early stage of

(For a complete listing ¢

Soil nitrogen dynamics

hd species composition patterns with the off-town treatments, B and NB,
each other but low similarity to on-town sites, and on-town treatments, P,
ar to each other but dissimilar to off-town sites (Table 2). The higher
ff-town sites is largely due to the Kalchbrenner PB site being in a

prairie dog colonization compared to the other two PB sites.

f species composition tables for each site, contact J. Fahnestock).

Net nitrogen mineralization was highest in May and declined steadily during the growing

season (Figure 6). Aveq
negative by July. For o
July showed net immob;
towns is similar to that
nitrogen mineralization
Detling 1990).

Most of the inor

age net mineralization was positive for on-town sites in May and June and
fi-town sites, net mineralization was barely positive in May and June and
lization (Figure 6). This modification of nutrient cycling on prairie dog
bbserved in studies at WCNP where colony patches exhibited higher net

rates and lower immobilization relative to uncolonized grassland (Holland &

ganic nitrogen in this system appears to very mobile with a high chance of

leaching from the system if it is not taken up by plants or microorganisms. This is apparent when

separating the net nitro
all treatments, soils sho

although less was immo

pen mineralization data into soil and resin bag components (Figure 7). In
wed net immobilization of nitrogen throughout the growing season,

bilized in on-town sites. Conversely, nitrogen collected in resin bags always

17
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Table 1. Percentage cg
characteristics in June

ver of the ten most abundant species, and other plant community

and July 1995. Treatments are as in Table X.

JUNE

Treatment B

Agropyron sm
Bromus japon
Buchloé dactyi
Melilotus offid

[thii
fcus™*
loides
Yanalis™

Poa sandbergli

Hedeoma hispidum

Vicia americ

a

Conyza canadgnsis
Unknown forh (#6)

Draba reptan

Total live plant cover

Bare ground
Litter

Species richne)

53

Shannon divernsity index

Graminoid/for
Native/exotic (

Treatment NB

Bromus japonfcus

b cover ratio
tover ratio

E

Litter

Species richne
Shannon diver
Graminoid/forl
Native/exotic ¢

{thii

cover

kS

sity index

b cover ratio
over ratio

27

AAAPRPDNDDWLO E:
e

&R

31

21

0.89
3.48
2.60

27
16

AFHFHDNDNDNDNDD

34

22

0.89
3.99
1.01

JULY

Agropyron smithii
Buchloé dactyloides
Bromus japonicus*
Stpa viridula
Melilotus officianalis*
Ceratoides lanata
Bouteloua curtipendula
Hedeoma hispidum
Camelina microcarpa™
Helianthus annuus

Agropyron smithii
Bromus japonicus™*
Stipa virtdula
Buchloé dactyloides
Melilotus officianalis™
Carex eleocharis
Hedeoma hispidum
Conyza canadensis
Helianthus annuus
Camelina microcarpa™

19

AANAANP® > 53
I

0 >
-3

=
(o]

15

0.89
4.01
3.54

16

0.79
7.80
2.61



yielded positive values. {Thus, adding soil and resin bag nitrogen together (Figure 7) produced the

results seen in Figure 6.

CONCLUSIONS

Since this report represents only the first year of a multi-year study, it is premature to

draw definitive conclusidns on the effects of these herbivore treatments on various grassland

processes. However, sofne interesting processes are already observable. For instance, on-town
sites have much lower plant biomass and nearly all of the species are forbs. Conversely, off-town
sites are dominated by gdrasses and have higher plant biomass. Nitrogen cycling is also being
affected by on-town actilities with prairie dog town treatments having higher N mineralization
rates than off-town sites. This is resulting in higher crude protein for plants on prairie dog towns
although total standing ¢rop of N remains higher in off-town treatments simply due to the higher
levels of biomass off prajrie dog towns.

What is of most|interest to us is whether a deviation will occur in subsequent growing
seasons from these vegetational and nutrient patterns that we have observed in this first year of
the study. Some questipns of interest that we will examine in subsequent years include: Will off-
town sites that are protected from herbivory accumulate more detritus eventually resulting in less
productive sites? Will op-town sites that are protected from both herbivores revert to a condition

more reminiscent of off-town sites, or has a new steady state been established? How quickly will

changes in vegetation or nutrient cycling occur in sites that are protected from herbivores?

18




(Table 1 continued)

Treatment NN

Ascelpias pumila
Sphaeralcea cofcinea
Dyssodia pappgsa
Plantago patagpnica
Conyza canadepsis
Verbena bractedta
Melilotus officipnalus™
Sisymbrium alfissimum®
Hedeoma hispidum
Unknown forb {(#20)

Total live plan{j cover
Bare ground
Litter

Species richness
Shannon divergity index
Forb/graminoid cover ratio
Native/exotic cpver ratio

AR PRSBG0S

17
1.09
200.3
7.16

Dyssodia papposa
Conyza canadensis
Asclepias pumila
Sphaeralcea coccinea
Euphorbia stictospora
Verbena bracteata
Plantago patagonica
Chenopodium desiccatum
Melilotus officianalis™*
Sisymbrium altissimum™

0 O B =3 DO

18
1.07
62.6
13.45
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(Table 1 continued)

Treatment P

Conyza canadepsis
Hedeoma hispidum
Plantago patagonica
Sphaeralcea corcinea

Verbena bracte

a

Dyssodia pappgsa

Convolvulus
Melilotus offici

ensis™

alis*

Euphorbia manginata

Lappula redo

Total live plant
Bare ground
Litter

Species richness
Shannon divers

Forb/graminoid

kil

cover

ity index
cover ratio

Native/exotic cpver ratio

Treatment PB

Conyza canade
Hedeoma hispi|
Agropyron smi
Convolvulus ar
Verbena bracted
Lappula redow
Plantago patag]
Dyssodia papp(
Melilotus offici
Asclepias pumi

Total live plant
Bare ground
Litter

Species richnesp

Shannon divers
Forb/graminoid

Native/exotic cq

nsis
dum

hii
wensis™*
ta

Bkii
pnica
bsa
nnalus
Va

*

cover

ity index
cover ratio
ver ratio

co

DO DO DO DD CO LY O =] w3

18
1.16
120.3
7.35

| ]

NN WWWOLO O

54

20

117
7.43
5.27

Conyza canadensis
Plantago patagonica
Dyssodia papposa
Convolvulus arvensis*
Sphaeralcea coccinea
Verbena bracteata
Euphorbia stictospora
Melilotus officianalis™
Polygonum aviculare
Hedeoma hispidum

Conyza canadensis
Convolvulus arvensis
Plantago patagonica
Agropyron smithii
Euphorbia stictospora

Dyssoida papposa
Hedeomna hispidum

Sisymbrium altissimum

Melilotus officianalis™
Asclepias pumila

20

(=]

= DD DO DD GO OVON QN

51
25

21
1.08
111.0
5.06

~

= D) DD OO OOt

22

112
9.07
3.77
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Figure 6. Net nitrogel
and July, 1995. Thesq
for additional details.

h mineralization for the five different herbivore treatments in May, June,
values include both the resin bag and soil net mineralization data. See text
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Table 2. Estimated si ity (Morisita 1959) of plant species composition among five herbivore
treatments in June and July 1995. Species composition was measured in three separate study
areas within the Sage Creek Wilderness Area, Badlands National Park, S.D. Treatments include
two sites that are adjacept to prairie dog towns and three sites that are on prairie dog towns.
Treatments are uncolonized prairie with bison (B), uncolonized prairie excluding bison INB),
colonized prairie with prpirie dogs but with bison excluded (P), colonized prairie with prairie dogs
and bison (PB), and colohized prairie with both bison and prairie dogs excluded (NN).

JUNE JULY

B NB P PB NN B NB P PB NN
B 1.00 - . - - B 1.00 - - - -
NB 0.86 1.00 - - - NB 102 100 - - -
P 0.07 0.06 100 - - P 0.06 0.04 100 - -
PB 036 022 102 100 - PB 026 022 108 100 -
NN 006 005 (.89 066 100 NN 005 0.03 088 077 100
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APPENDIX TABLES

Table A1. Mean abov

leground biomass (g/m?) + 1 SE of plant functional groups for each site in

treatments of off-colohy, no bison (NB), off-colony, bison (B), on-colony, no bison, prairie dogs

(P), on-colony, no bisd
Hay Butte (HB), Kalc
Area of the Badlands
site (n = 3 for final c

blumn).

n, no prairie dogs (NN), and on-colony, bison and prairie dogs (PB). Sites
hbrenner (KA), and Kocher Flats (KF) are in the Sage Creek Wilderness
National Park, S.D. Values shown are for May 1995 and n = 10 for each

Live graminoids
NB
B
P
NN
PB

Dead graminoids
NB
B
P
NN
PB

Total graminoids
NB
B
P
NN
PB

Live forbs
NB
B
P
NN
PB

Dead forbs
NB
B
P
NN
PB

[Hay Butte

H6.4 = 8.9°
76.2 + 5.1*°
DI
DI
Dl

2154 + 66.3"
R75.8 + 41.8°
D*
b*
bn

261.8 + 73.0°
851.9 * 42.4*
DI
0
DI

B.1 = 3.7*
p2 + 1.2°
16.0 + 3.7°
B.7 + 2.2°
17.3 = 4.2*

D.8 0.6*
D.2 0.2¢
19.2 + 3.0°
B0.3 + 8.9*°
19.4 = 4.5°

o

Kalchbrenner

9.9*
11.6*

67.3
85.5
< 0.1
Ol

0.7 = 0.5*

(L3 4

421 + 149°
215.8 = 384"
0. .

0‘

0.

109.4 = 19.3°
301.2 = 37.4*
< 0.1

Ol

0.7 = 0.5*

10.5 1.6*
15.0 6.1*
10.0 3.2°
38 £ 1.6°

14.1 = 3.8°

oW

12,5
17.2 = 11.6*
54.6 = 11.2*
69 = 2.3°

80.1 = 20.8*

6.5°

HoW

27

Kocher Flats

80.4 = 8.0°
62.6 = 6.9°
0.7 + 0.6*
0.8 = 0.6*

OI

198.7 = 28.9*
213.6 = 14.4*
0.7 = 0.6*
02 = 0.2*

0.

*

279.1 = 28.1*
276.1 = 18.6°
14 = 1.3*
1.0 = 0.7*

Ol

2.3 = 0.6°
43 = 1.5*
62.0 = 6.4°
69.6 + 18.0°
234 = 5.7

< 0.1*

0*

24.0 = 10.2*
55.7 = 30.5*
472 = 14.7°

All Sites

64.7 = 9.9*
74.7 = 6.7°
0.3 = 0.2°
0.3 = 0.3°
0.2 + 0.2°

+

152.1 = 55.2*
235.0 = 20.4°
0.2 = 0.2°

< 0.1°

00

216.8 = 53.9*
309.7 £ 22.3°
0.5 = 0.4°
0.3 = 0.3°
0.2 = 0.2°

-+

7.0 = 24*
7.2 + 4.0*
29.3 = 16.4*
26.7 = 21.5*
183 = 2.7*

44 + 4.0°
5.8 = 5.7°
32.6 + 11.1%
31.0 = 14.1*
489 = 17.5*

*
*
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Table A2. Mean aboyeground biomass (g/m®) + 1 SE of plant functional groups for June 1995,

See legend for Table|Al for additional information regariding notation.

Live graminoids
NB
B
P
NN
PB

Dead graminoids
NB
B
P
NN
PB

Total graminoids
NB
B
P
NN
PB

Live forbs
NB
B
P
NN
PB

Dead forbs
NB
B
P
NN
PB

Total forbs
NB
B
P
NN
PB

Hay Butte

237.6 = 33.2%
159.8 + 17.8°
0.2 = 0.1

< 0.1

0.5 = 0.3*

209.9 = 54.4°
167.0 + 39.6*
0.

OI

0.2 + 0.2°

p37.4 = 62.4*
B26.4 + 50.0°
p.2 + 0.1*

< 0.1*

D.6 =+ 0.5°

12.8 = 12.6°
8.2 = 4.4*

124.1 = 16.6*
$3.8 + 12.0°
105.7 = 16.0*

) N B b 1 Y T o W T Y

4.4 + 44*
4 + 4.4°
72.3 + 21.6*
36.1 + 34.8°°
9.8 +

[ S M

Kalchbrenner

273.0
289.0
02 * 0.2¢
0.

5.1 = 4.2*

133.1 = 17.9°
192.8 = 34.8*
ol
Ol

0.3 x 0.2°

406.2 = 42.6°
481.9 + 52.1*
0.2 = 0.2°

0.

54 + 44*°

29.6 = 7.9*
37.4 = 6.0°
59.3 = 11.0°
72.0 = 17.2°
108.2 = 16.8*

184 + 104"
11.7 = 4.3*
784 + 11.4°
19.9 = 6.0*
95.4 + 21.9*

t

48.0 = 14.8°
49.0 = 7.7*

136.5 = 12.6*
91.9 = 21.6°

K+ i+

21.7° 203.6 = 31.8

29

Kocher Flats

2094 = 10.7°
1504 = 13.5°
0.5 = 0.1°
03 = 0.2°
3.3 £ 2.2

i+

223.1 = 18.0°
173.5 = 26.8*
0.1 + 0.1*

0.2 + 0.1*

432.5 + 21.2°
323.9 = 34.4°
06 = 0.2¢
03 = 0.2*
+ 2.2*

9.8 + 24"
12.0 = 2.0°
145.8 = 9.2*
119.5 = 13.1*
103.8 = 174"

0.6 = 0.4°
0.6 = 0.3
439 = 11.6°
52.1 + 14.0*
22.8 = 7.2°

104 = 2.3*
126 = 2.1°
189.7 = 15.9°
171.6 = 25.7*
126.6 = 20.9°

All Sites

240.0 + 18.4°
199.7 = 44.7*
0.3 = 0.1°

< 0.1°

3.0 + 1.3°

218.7 + 48.2*
1778 = 7.7
< 0.1°

Ob.

0.2 = 0.0°

4426 = 40.1°
3774 + 52.2*
0.3 = 0.1°

< 0.1°

3.2 =+ 1.4°

174 + 6.2°
19.2 + 9.2°
109.7 + 26.0°
91.8 = 14.3*
1059 = 1.3*

. 3.8°
56.8 = 10.9*
41.4 = 10.8*°
474 * 6.0*

24.3 = 11.9°
23.3 = 12.¢°
166.2 = 15.7*
133.2 + 23.1*
153.3 = 25.1*



Total forbs
NB
B
P
NN
PB

Total succulents

NB
B
P
NN
PB

Total aboveground
plant biomass

NB
B
P
NN
PB

A

31.
36.

ol
OI
OI

2!‘
34
34
3"
36

D + 3.8*
i+ 1.2°
2 + 4.6°
0 = 10.3°
1.7 = 7.6°
B+ 1.2*
b + 9.2°
11.9 = 71.1*
13.5 = 36.4°
2 = 4.6*
.0 = 10.3°
b7 = 7.6°

23.0 = 6.5*
32.2 = 12.0°
64.6 = 10.4*°
10.6 = 3.1°
04.2 = 204"

Ol
Ob
On
01
o*

1324 + 23.2°
333.4 = 40.6°
64.6 = 10.4*
10.6 = 3.1°

95.0 = 20.1*

2.4 * 0.6
43 = 1.5*
86.0 = 14.8*
125.4 + 32.8*
70.6 + 16.6°

44 = 44°
71.5 = 48.6°
Ol

Ol

Ol

2859 = 26.9*
352.2 + 45.9*
B87.4 + 15.4°
126.4 + 32.8*
70.6 = 16.6*

114 x 6.1°
13.0 = 9.6
619 = 14.7*
57.7 = 34.7°
67.2 = 16.7*

19 = 1.3*
26.9 = 22.5*
0.

Ol

ol

230.1 + 49.0°
349. 7 + 8.8*
624 + 15.1°
58.0 = 35.0°
67.4 = 16.9°

NOTE: Different letterd
for each treatment (P 4
denote significant diffen

t within each fuctional group denote significant differences among sites
k 0.05). Different letters within each functional group in the last column
ences among treatments (P < 0.05).



Table A3. Mean ab
See legend for Table Al for additional

oveground biomass (g/m? = 1 SE of plant functional groups for July 1995.
information regariding notation.

Hay Butte Kalchbrenner Kocher Flats  All Sites

Live graminoids

NB 2612 + 24.8° 325.6 = 38.1* 164.3 = 15.1° 2504 = 48.9*

B 200.8 + 20.8* 252.6 = 31.9* 186.0 = 17.5° 216.1 = 19.5*

P o* 11.5 = 7.7 0.4 = 0.1° 40 * 3.8°

NN o* 0" 0" 0°

PB 0.2 = 0.1* 22.1 + 12.2* 12 = 0.6° 7.8 £ 7.1°
Dead graminoids

NB 200.2 + 43.3° 128.1 = 32.6° 296.9 = 40.8" 211.4 = 48.7°

B 193.0 + 38.2* 154.7 = 41.2* 2212 + 33.8* 189.6 = 19.3"

P 0* 0.7 = 0.7° 0.5 = 0.2° 0.4 = 0.2°

NN o* o* 0* o°

PB 0.1 = 0.1* 09 + 09° < 0.1* 0.4 = 0.3°
Total graminoids

NB 4704 + 62.2° 453.7 = 49.0* 461.2 = 47.3" 461.8 = 4.8*

B 402.8 + 40.8° 407.3 = 55.9° 407.2 = 47.0' 405.8 = 1.5°

P 0* 12.2 = 8.2* 09 = 0.3* 44 + 3.9°

NN o* 0* 0* 0°

PB 0.3 = 0.2° 23.0 = 12.8* 13 = 0.6 8.2 = 7.4°
Live forbs

NB 45 = 1.2* 32.2 = 8.1° 8.0 = 3.6* 14.9 = 8.7°

B 2.1 = 0.7° 90.8 + 14.8* 6.4 = 2.0° 33.1 = 28.9°

P 1476 + 9.0° 230.2 + 42.3* 915 + 22.2° 1594 x 43.0°

NN 133.6 + 13.4* 168.0 = 18.5* 1389 + 23.3" 146.8 = 10.7*

PB 189.9 + 12.2* 189.5 = 36.9* 59.0 = 16.0° 146.1 = 43.6"
Dead forbs

NB 4.3 + 1.5* 3.1 =09 < 0.1* 2.5 = 1.3°

B 2.6 £ 1.1* 74 + 2.6° 0.8 =+ 0.4* 3.6 = 2.0°

P 52.2 + 10.6* 60.8 = 10.9* 91.6 = 25.3* 682 % 12.0*°

NN 19.8 + 4.4° 11.6 + 4.2° 104.9 + 30.6° 45.4 + 29.8%

PB 18.2 + 6.1° 63.7 = 16.3° 1529 = 35.6* 78.3 = 39.6
Total forbs

NB 8.8 = 1.9° 353 = 1.71° 8.1 = 3.6° 17.4 = 9.0°

B 4.7 x 1.2* 982 + 15.6* 7.2 x 2.1° 36.7 = 30.8°

P 199.9 + 15.4° 300.0 = 35.4* 183.2 = 24.3° 227.7 = 36.5°

NN 153.4 = 11.6° 179.6 + 18.2° 243.8 + 31.2* 192.3 = 26.9°

PB 208.1 + 14.1° 253.2 + 49.8* 212.0 * 20.0* 2244 = .4
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Total succulents

NB 0 o* 26.1 = 26.1* 8.7 = 8.7*

B 0 0* 0* o*

P 0 o* 0" o*

NN 0 0* o* o*

PB 0 1 0:1 011 Oll

Total aboveground
plant biomass _

NB 551.9 = 64.2*! 454.2 = 50.8"' 469.0 + 27.5*' 491.7 + 34.6*
B 35.2 + 48.2°* 530.9 + 56.8"* 336.8 + 34.0 401.0 + 65.0*"
P 172.5 = 21.6** 137.9 + 18.3*! 190.3 + 15.8*' 166.9 = 15.4™
NN 136.1 = 34.8* 91.9 = 21.6** 1719 = 25.6** 133.3 = 23.1

PB 30.4 + 22.0** 209.0 + 29.8** 130.0 + 21.2** 156.5 + 26.2™

NOTE: Different letter$ within each fuctional group denote significant differences among sites
for each treatment (P ¥ 0.05). Different letters within each functional group in the last column
denote significant diffefences among treatments (P < 0.05).
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Total succulents

NB 0* o* o o _
B 182 = 18.1* 0* 65.4 + 65.2° 279 x 19.4*
P 0* o* 0" 0*

NN 0* o* o* o*

PB 0 o* o o*

Total aboveground
plant biomass

NB 479.2 = 61.8* 491.9 = 43.8* 469.3 + 48.6" 480.1 + 6.5"
B 42§.7 = 56.5* 505.5 = 53.8* 479.8 + 91.5° 470.3 + 23.5°
p 199.9 + 154" 312.2 x 36.0° 184.0 + 24.2° 232.0 + 40.3"
NN 1584 + 11.6° 179.6 + 18.2* 243.8 + 31.2* 192.3 = 26.9°

PB 208.4 = 14.0° 276.1 = 42.6* 213.3 = 28.6* 232.6 + 21.8°

NOTE: Different letters|within each fuctional group denote significant differences among sites
for each treatment (P <|0.05). Different letters within each functional group in the last column
denote significant differences among treatments (P < 0.05).
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