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ABSTRACT: Vegetative impacts caused by Rocky Mountain elk (Cervus elaphus nelsoni) grazing
and trampling have been a growing concern for natural resource managers. The threat to
archeological resources and naturally functioning ecosystems as a result of excessive elk trampling
and grazing now rank as the highest management priority at Bandelier National Monument (BAND),
New Mexico. Insummer 1998, BAND erected a series of ungulate exclosures and paired reference
areas to evaluate elk impacts on the vegetative community in pifion-juniper (Pinus edulis -
Juniperus spp. [PJ]), ponderosa (Pinus ponderosa) grassland, and mixed-conifer (MC) habitat
types. We evaluated simulated grazing/trampling treatment combinations applied at different
intensities from January through May of 1999 and 2000. Litter cover was negatively correlated with
clipping intensity in PJ and MC sites. Trampling more consistently impacted parameters and may
stimulate plant productivity at an intermediate intensity, especially in terms of forb response.
Longer time periods may be needed to detect vegetative responses to changes in grazing pressure
especially in ecosystems that have developed with a history of grazing pressure.
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Grazing systems are partially defined
by the intensity (amount of plant material

soil characteristics, individual plant and com-
munity characteristics (e.g., density, mor-

removed) and frequency (the number of
times a plant is defoliated) of use which, in
turn, affects both the quality and quantity of
forage produced (Motazedian and Sharrow
1990). Few studies have attempted to iso-
late the effects of intensity or frequency of
use (Gillenetal. 1990) and itis often unclear
whether effects are caused by the removal
of vegetation or associated trampling. Stud-
ies have isolated effects of grazing
(Oesterheld 1992) or trampling intensity
(Warren et al. 1986, Abdel-Magid et al.
1987, Tollner et al. 1990), but have ignored
possible interactive effects. In addition,
kind of animal, season and intensity of use,

phology, physiology), and temporal and spa-
tial variation in environmental conditions
influence the type and degree of impact
(Weigel et al. 1990, Bastrenta et al. 1995).

Divergent management objectives of
the state of New Mexico, Los Alamos
National Laboratory (LANL), Bandelier
National Monument (BAND), tribal com-
munities, and private lands hamper effec-
tiveelk management (Allen 1996). Hunting
on BAND is prohibited by Code of Federal
Regulations (CFR), Title 36, Part 2, Sec-
tions 2.1-2.4 (Fettig 1997); any direct re-
duction of the elk herd would require a
legislative act of Congress. Before any

3 Present address: Los Alamos National Laboratory, ESH-20 (Ecology Group), MS M887, Los

Alamos, NM 87545, USA
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actions can be taken, however, there is a
need for quantitative, scientific information
onthe potential impacts of the Bandelier elk
herd. Population dynamics must be evalu-
ated and impacts to vegetative and soil
communities, if any, must be quantified.
The objectives of this study were to asscss
changes in density, percent foliar/litter
cover, basal area, species richness, and
composition through the application of dif-
ferent intensities of simulated clipping and
trampling within elk exclosures.

STUDY AREA

Bandelier National Monument is located
in the Jemez Mountains of north central
New Mexico (35:53:38N 106:17:02W) ap-
proximately 8 km south of Los Alamos in
the Pajarito Plateau (Fig. 1). Itis bordered
by Santa Fe National Forest to the west,
LANL to the east, and private lands to the
north and south. Native American reserva-
tion lands are also found throughout the
surrounding arcas. The monument’s 13,290
ha range in elevation from 1,680 m in the
lower canyons near the Rio Grande to about
3,240 m near the summit of Cerro Grande.
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Vegetative patterns are dependent on
elevation and topography (Wilcox and
Breshears 1994). Lower elevations (1,680
- 2,015 m) are characterized as pifion-juni-
per (PJ) woodland and are composed of
stands of pifion pine (Pinus edulis) and
one-seed juniper (Juniperus monosperma)
with understory shrubs of wavy leaf oak
(Quercus undulata), Apache plume
(Fallugia paradexa), and mountain ma-
hogany (Cercocarpus montanus) (Brown
1982). Mid-elevational transitional
ponderosa (Pinus ponderosa) grassland
(PG) areas (2,015 -2 ,440 m) include an
overstory of ponderosa pine and understory
of Gambel oak (Quercus gambelii), New
Mexican locust (Robinia neomexicana),
and mountain mahogany. Typical grasses
in PG include mutton grass (Poa
fendleriana), Junegrass (Koeleria
cristata), and mountain muhly
(Muhlenbergia montana). Upper eleva-
tion mixed-conifer (MC) areas (2,440 -
3,240 m) have a variety of overstory spe-
cies that include Douglas fir (Pseudotsuga
menziesii), white fir (Abies concolor), blue
spruce (Picea pungens), and quaking as-
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Fig. 1. Study area on Bandelier National Monument, New Mexico, 1998-2000, showing extentof the
1977 La Mesa fire and locations of the 15 elk exclosures erected in 1997,
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pen (Populus tremuloides). Gambel oak,
rock spirea (Holodiscus dumosus), and
waxflower (Jamesia americana) are typi-
cal understory shrubs and slender
wheatgrass (Agropyron trachycaulum),
Canada bluegrass (Poa compressa), and
Parry oatgrass (Danthonia parryi) are
common grasses in the MC zone. Canyon
bottoms have riparian communities that in-
clude narrowleaf cottonwood (Populus
angustifolia) and boxelder (Acer
negundo).

In 1977, approximately 6,180 ha of land
in Santa Fe National Forest, BAND, and
LANL burned in the “La Mesa" fire (Fig.
1). Sixty-nine percent, or 4,250 ha, of the
total area burned was on BAND (Foxx
1984). The 1977 La Mesa fire changed
available forage conditions and is believed
to have contributed to a population increase
of the elk herd (Allen 1996).

Average annual precipitation on the
Pajarito Plateau is 330 to 460 mm (National
Oceanographic and Atmospheric Adminis-
tration, Climatological data, Los Alamos,
NM, http://www.ncde.noaa.gov, 2001) of
which about 45% occurs in July, August,
and September. Average daytime tem-
peratures range from 32.2°C in the summer
(max. = 41.1°C) to -9.4°C in the winter
(min. = -30.6°C). Over this study, 1998 -
2000, temperatures were generally higher
than the 1920 - 1999 average, except for an
unseasonal cold front in April 1999. Annual
precipitation during the 1998 - 1999 and
1999 -2000 field seasons was also lower
than average.

METHODS

Experimental Design

During summerof 1998, 1560 mx 60 m
ungulate exclosures (5 exclosures in each
of 3 different habitats — MC, PG, and PJ)
were erected on BAND. In October of
1998, a plot consisting of 12 | m?experimen-
tal units was established inside each
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Fig. 2. Designation of clipping X trampling treat-
ment combinations inside exclosures. Clip-
ping treatments were applied at 100% stand-
ing crop removal either 0 (none), 1 (light), 2
(moderate), or 3 (heavy) times while trampling
was appliedat0, 5, 25, or 100 footfalls/m?at 0
(none), | (light), 2 (moderate), or 3 times
(heavy), respectively. Clipping treatments
are designated with ‘G’ while trampling is
designated with ‘T’. Treatments were ran-
domly assigned to |1-m*experimental units.

exclosure. While, because of vegetative
complexity and diversity, experimental units
in MC sites were 0.25 m?,

A two-factor factorial, randomized block
design (Steel and Torrie 1980) was used to
evaluate the impacts of clipping, trampling,
and their interaction. Treatments were
applied at 3 clipping intensities (none [0%]
moderate [40-60%], or heavy [ 100%] stand-
ing crop removal) and 4 trampling intensities
(none [0 footfalls/m?], light [5 footfalls/m?],
moderate [25 footfalls/m?], or heavy [100
footfalls/m*]) during a single treatment ap-
plication (Fig. 2). A split-plotarrangement
with time as a subplot factor allowed for
analysis over the 2 years of the study.
Treatments (clipping and/or trampling) were
randomly assigned to experimental units (1
m?/0.25 m? plots) within each block
(exclosure).

Clipping was used to simulate grazing
while trampling was simulated using an
artificial hoof cast from dental acrylic (Pro
Orthodontic Services, Racine, Wisconsin,
USA) molded from the front hoof print of an
elk (Acorn Naturalists®, Tustin, California,
USA). Two of these artificial hooves were
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securely bolted to the bottom of a pair of
sandals which could then be strapped on the
feet of the investigator. The average front
hoof load of an elk is approximately 685 g/
cm® (Telfer and Kelsall 1984). For pur-
poses of this study, applied hoof load was
calculated to be in the range of 673 - 818 g/
cm?. This design attempted to emulate the
rocking or churning effect caused by a hoof
when the animal is walking, which has been
overlooked in other simulated studies where
mechanical devices have been used (War-
ren et al. 1986). Trampling in the MC plots
was applied to a full 1 m? area even though
effects were measured only on 0.25 m*.

Pre-treatment data were collected and
treatments were applied in January through
May 1999 when elk normally would use
each habitat type. Post-treatment data
were collected and treatments were applied
again during the same time periods in 2000.
Variables measured included density, foliar/
litter cover, basal area, productivity, spe-
cies richness, and composition. Plants were
identified to the species level allowing for
further analysis by sub-class (i.e., grasses
and forbs). Unknown plants were collected
in the field and numbered for later identifi-
cation.

Statistical Analysis

Analysis of variance (ANOVA) and
mean separation were used to determine
treatment effects within and across habitats
for total density and foliar cover. Habitat
effects were tested using the Type I1I mean
square for block (habitat) as an error term.
Potential block (exclosure) X treatment in-
teractions were tested using Tukey’s test
for non-additivity. When sub-divided by
grass and forb growth classes, density data
and foliar percentages that were not nor-
mally distributed were transformed using
square root or arcsine transformaltions, re-
spectively (Sokal and Rohlf 1995). Experi-
mental units which lacked a grass or forb
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class were treated as sampled units and
zeroes were added to the dataset. Basal
area, species richness, and litter cover were
only analyzed within habitats. For all analy-
ses, significance was delineated at a=0.10.

RESULTS

We report results of combinations of
intensity of clipping and trampling treat-
ments. Rupp et al. (2001) examined the
effects of frequency of treatments. Analy-
ses of pre-treatment plot data revealed block
(1.e., exclosure) X treatment interactions
(F, ,;=31.61, P<0.001) for density in the
PJ habitat type as well as for foliar cover in
MC (F,,,=4.09, P=0.049) and PJ (F | ,,=
22.46, P <0.001) habitats. Initial block X
treatment interactions were also detected
in PG habitat, but removal of exclosure PG-
5 thathad been burned in 1998 and exclosure
PG-1 that had been burned in 1999 rem-
edied this effect for both density (P=0.334)
and foliar cover (P = 0.226) estimates.
Because differences among habitats ex-
isted before treatments were applied, pre-
treatment densities or foliar cover estimates
were used as covariates in analysis of
covariance (ANCOVA) for subsequent
analyses. Litter and basal area were
analyzed using ANOVA. All pre-treatment
data for total density, foliar cover, and spe-
cies richness were normally distributed ex-
cept for foliar data in the MC zone. Litter
data were normally distributed in MC and
PG habitats, but failed to meet normality in
the PJ zone. Attempts to normalize these
data via transformation were unsuccessful
and litter results for the PJ habitat type
should be interpreted with caution.

Habitat Effects

A habitat effect (F, = 1539, P =
0.001) was detected for density data with
more plants/m? in MC than in either PG or
PJ habitats. There was a habitat by tram-

pling interaction for foliar cover (F, ==
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Fig.3. Adjusted mean foliar cover (%) by habitat in response to trampling intensity (Spring 2000).

The trampling X habitat interaction was significant (F

=3.23, P=0.006). Trampling was applied

a,110

at 100 (heavy), 25 (moderate), 5 (light), or 0 (nonc) footfalls per unit area.

3.23, P = 0.006) indicating that trampling
treatments were not having the same effect
in each habitat (Fig. 3). Moderately tram-
pled experimental units in PG sites had
significantly higher foliar cover ( y =25.7%)
regardless of clipping intensity. In contrast,
moderately trampled plots in the MC habitat
had less foliar cover ( y = 6.7%) than any
other trampling treatment regardless of clip-
ping intensity. No other significant differ-
ences were detected in density or foliar
cover for clipping, trampling, or their inter-
action across all habitat types.

Pifion-Juniper Habitat
We detected a clipping effect (F, ,, =

143

3.55, P = 0.038) regardless of trampling

Folar Cover (%)

2 1 P = 0.050

intensity for density measures. Mean sepa-
ration of adjusted means indicated that heav-
ily clipped plots had higher plant densities
than moderately clipped or unclipped plots
(Table 1). There was a trampling effect
(F,,,= 2.33, P = 0.088) on foliar cover.
Moderately (Ty = 10.1%) trampled plots
had less foliar cover than lightly trampled
units (y = 12.9%, P =0.031), but heavily
(y = 10.4%) and non-trampled ( y =
12.1%) areas were not different from either
one.

Analysis by vegetative type revealed an
effect (F,,,= 2.50, =0.072) of trampling
intensity on total forb cover but not on grass
cover. Lightly trampled plots had higher
forb cover than heavily trampled and mod-

g High Trampiing
—# —Low Trampling

= & = Moderste Trampiing
= X = No Trampling

H

Clipping Intensity

Fig. 4. Mean foliar cover (%) of grasses for different intensities of clipping X trampling treatment
combinations in mixed-conifer exclosures (Spring 2000) - Bandelier National Monument, New
Mexico. Clipping was applied at 0 (none), 40-60 (moderate), or 100% (heavy) standing crop
removal while trampling was applied at 0 (none), 5 (light), 25 (moderate), or 100 (heavy) footfalls/

unit area.
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Table 1. Adjusted' mean density (number of plants/m* + SE) by habitat for different intensities® of simulated clipping and trampling treatment
combinations in 2000 on Bandelier National Monument, New Mexico.

MC HABITAT? PG HABITAT PJ HABITAT*
Clipping Intensity Clipping Intensity Clipping Intensity
Trampling Mean® Mean® Mean*
Intensity H M N Trampling H M N Trampling H M N Trampling
H 366 26 350 337A 81 T 87 B2A S3 37 4 48A
(+48.18) (+48.12) (248.11) ®17.64)  (*17.17)  (£1720) (£646) (2622) (26.26)
M 33 316 303 324A 127 Bl 101 103A 53 47 ¥ 46A
(+48.13) (+4824) (+48.11) *17.17)  (#1726)  (£17.82) (#625) (2633) (6.30)
L 352 303 319 317A 86 4 A 84A 56 41 36 45A
(+4830) (+48.18)  (24839) @1722)  (#1728)  (£17.21) (#632) (#635) (£647)
N M 347 355 360A 0 €@ 10 47A 52 47 49 49A
(£5036) (+4835)  (+4830) *17.17)  (£1741)  (£2155) (#622) (=624) (26.36)
Mean® 357TA  315A 331A 91A T3A T3A 54A 43B 4B

Clipping

' ANCOVA adjusted means account for pre-treatment (1999) densities.
?Clipping was applied at 100 (H), 40-60 (M), or 0 (N) percent standing crop removal while trampling was applied at 100 (H), 25 (M), 5 (L), or 0(N) footfalls

per unit area.

! MC = mixed-conifer, PG = ponderosa grassland, PJ = pifion-juniper.

* Attempts to normalize data were unsuccessful and results should be interpreted with caution.

* Means (within treatment) with the same letter are not statistically different at o= 0.10.
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Table 2. Adjusted’ mean foliar cover (percent/m? + SE) by vegetative type for different intensities? of simulated clipping and trampling treatment
combinations in 2000 in pifon-juniper (PJ) habitat on Bandelier National Monument, New Mexico.

FORBS GRASSES
Clipping Intensity Clipping Intensity
Trampling Mean® Mean’
Frequency H M N Trampling H M N Trampling
H 1.0 26 21 1.9A 72 84 71 76A
(x0.83) (20.83) #031) (4048) #1.19) (£1.20) (£1.25) (H0.69)
M 17 1.5 20 1.7A 78 78 71 76A
(=0.83) (£0.81) (0.82) (2047) (x1.18) *1.19) (£1.18) (+0.68)
L 21 42 39 J4A 82 17 88 82A
(£0.81) (#0.81) #081) (#047) (£120) (£1.20) (+1.26) (0.74)
N 20 27 19 22AB 6.7 72 98 79A
+081) (x0.81) (#081) #047) (x1.26) (£1.19) (+1.18) (#0.71)
Mean’ L7A 27A 25A 75A 78A 82A
Clipping  (041) (x0.40) 041) (=0.60) (x0.60) #0.59)

' ANCOV A adjusted means account for pre-treatment ( 1999) foliar cover estimates.
*Clipping was applied at 100 (H),40-60 (M), or 0 (N) percent standing crop removal while trampling was applied at 100 (H), 25 (M), 5(L), or 0 (N)

footfalls per unit area.
* Means (within treatment) with the same letter are not statistically different at w = 0.10.
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Table 3. Mean litter cover (percent/m” + SE) by habitat for different intensities' of simulated clipping and trampling treatment combinations in 2000

on Bandelier National Monument, New Mexico.

MC HABITAT? PG HABITAT PJ HABITAT?
Clipping Intensity Clipping Intensity Clipping Intensity
Trampling Mean* Mean* Mean*
Intensity H M N Trampling H M N Trampling H M N Trampling
H 488 66.0 66.8 60.5A 12.1 203 188 17.1A 6] 11.1 54 76A
(£1263) (£1587) (15.89) (#580) (1747)  (*151) (395) (#850) (2.17)
M 748 644 646 68.0A 308 223 215 248AB 6.0 34 267 120A
#1061) (£1330) (£15.02) (£1030) (#336) (#7.75) (2.79)  (£1.05) 17.41)
L 544 644 676 62.1A 344 312 266 30.7A 40 I5.5 314 17.0A
(£14.72)  (2835) (*1556) (£1839) (x1023) (:230) (#0.52) (B359) (x1842)
N 584 574 830 679A 11.3 14.0 298 184B 37 53 109 6.6A
(*1354) (#1312) (+623) (#321) (#200) (14.13) (£144) (#225) (227
Mean' 590A  63.1AB  T718A 22.1A 22.0A 242A 50A B8.8AB I[B6B

Clipping

! Clipping was applied at 100 (H), 40-60 (M), or 0 (N) percent standing crop removal while trampling was applied at 100 (H), 25 (M), 5 (L), or 0 (N) footfalls

per unit area.

? MC = mixed-conifer, PG = ponderosa grassland, PJ = pifion-juniper.

* Attempts to normalize data were unsuccessful and results should be interpreted with caution.

* Means (within treatment) with the same letter are not statistically different at & = 0.10.
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erately trampled plots (Table 2).

Clipping had an effect (F, ,,= 3.46, P=
0.04) on litter cover in the PJ habitat; how-
ever, data were not normally distributed and
results should be interpreted with caution.
Mean separation revealed greater litter
cover in non-clipped plots than in heavily
clipped areas (Table 3).

Relative species composition changed
(Table 4). Blue grama (Bouteloua graci-
lis) and deervetch (Lotus wrightii) in-
creased across all treatment combinations
in 2000, whereas mountain muhly and yel-
low ragweed (Bahia dissecta) decreased.
However, this difference was relatively
consistent regardless of clipping/trampling
treatment. Snakeweed (Gutierriza
sarrothrae), however, tended to increase
as clipping/trampling intensity increased.
This may indicate a possible effect of treat-
ment intensity. Mean basal area/plant was
lower in 2000 than in 1999 (F, ,=10.02, P
= 0.003) across all treatments probably due
to abiotic (i.e., climate) factors.

Ponderosa-Grassland Habitat

Trampling affected plant density (£, ,,
=4.14, P = 0.019) regardless of clipping
intensity. Non-trampled units had lower
total density of plants than lightly, moder-
ately, or heavily trampled units (Table 1).
Trampling intensity also had an effect (£, ,,
=4.10, P=0.020) on total density of forbs.
Non-trampled units had fewer forbs than
lightly, moderately, or heavily trampled units
(Table 5).

Trampling had an effect (£, ,,=2.51, P
=0.085) on total litter cover. Lightly tram-
pled units had more litter cover than non-
trampled and heavily trampled units but did
not differ from moderately trampled plots
(Table 3).

Species compositional shifts were evi-
dent with a few select species. Western
wheatgrass (Agropyron smithii) prolifer-
ated in response to moderate levels of tram-

RUPP ET AL. - ELK GRAZING INTENSITY

pling as it shifted from 13.1% of total com-
munity in 1999 to becoming the dominant
speciesal 29.6% in spring 0of 2000, Trailing
fleabane (Erigeron flagellaris) increased
with increasing trampling intensity and mod-
erate levels of clipping. Heavy clipping and
trampling had a deleterious effect on Ari-
zona three-awn (Aristida arizonica) as it
decreased in relative composition (-2.28%)
compared to an increase (+7.96%) when no
treatments were applied. Goosefoot
(Chenopodium spp.) disappeared from all
treatments. Golden aster (Chrysopsis
villosa)decreased (-3.23%) inrelative com-
position at the highest levels of clipping/
trampling. However, itappeared to be more
sensitive to trampling as decreases in its
relative composition increased at greater
trampling intensities (Table 4). Mean basal
area/plant was lower in 2000 than in 1999
(F,,,=3.65, P=0.068) as a probable result
of abiotic factors, but no changes in mean
basal arca/plant or species richness were
detected for clipping, trampling, or their
interaction.

Mixed-Conifer Habitat

Clipping X trampling treatment combi-
nations had an effect (F,,, = 2.34, P =
0.048) on total foliar cover of grasses (Fig.
4). There was an increase in grass cover at
moderate intensities of trampling coupled
with moderate intensities of clipping. Forall
other clipping intensities, grass cover de-
creased at moderate levels of trampling. In
addition, clipping had an effect (F, ,,=2.52,
P = 0.092) on litter cover. Non-clipped
plots had more litter than heavily clipped
plots (Table 3).

Trampling had an effect (<, ,,=2.25, P
= 0.096) on the total number of species.
Lightly trampled plots had more species
( x = 10) than heavily trampled ( y =8,P=
0.032) areas, but not than moderately tram-
pled ( y =9, P =10.132) or non-trampled
( x =10,P=0.845)sites. Mean basal area/
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Table 4. Relative composition (%) of common species in 1999 vs. 2000 by habitat for different intensities' of clipping and trampling treatment
combinations on Bandelier National Monument, New Mexico.

Clipping Intensity Trampling Intensity
Heavy Moderate None Heavy Moderate None

1999 2000 1999 2000 199 2000 199 2000 1999 2000 1999 2000 1999 2000
Mixed-Conifer Habitat
Poa ssp. 183 no 194 206 146 136 24 203 134 186 247 189 32 175
Bromus ssp. 83 57 68 76 45 48 82 73 50 62 57 62 8BS 44
Carex ssp. 52 90 27 94 100 139 37 74 49 179 44 6.5 130 112
Trifolium repens 8.1 56 72 47 45 72 92 140 69 1.6 50 20 6.6 52
Taraxacum officinale 62 62 43 62 41 55 42 39 45 57 63 6.1 58 74
Fragaria americana 48 6.5 6.8 6.0 44 83 39 58 6.5 6.6 63 6.7 5.7 85
Antennaria ssp. 44 8.6 27 9 43 53 55 6.8 52 32 23 45 35 76
Achillea lanulosa 41 52 64 6.0 6.0 56 40 50 100 73 45 58 49 44
Erigeron ssp. 39 8E 42 4.1 43 48 33 48 27 30 92 130 26 38
Galium boreale 24 23 24 42 20 27 1.0 13 21 35 43 45 23 29
Ponderosa-Grassland Habitat
Agropyron smithii 206 309 218 241 315 316 163 170 131 26 405 403 270 289
Muhlenbergia montana 206 191 168 169 118 132 317 29 18.7 119 176 185 33 67
Bouteloua gracilis 6.6 5.7 38 44 14 31 27 26 17 1.7 07 1.8 79 122
Schizachrium scoparium 2.1 25 23 26 L 28 1.7 20 27 20 16 33 21 33
Aristida arizonica 38 38 51 59 31 54 20 29 54 56 20 33 54 79
Chrysopsis villosa 103 65 49 45 68 49 48 23 94 5l 68 52 7.7 BE
Bahia dissecta 8.0 45 145 8.1 55 54 83 68 72 33 10.1 92 100 48
Erigeron flagellaris 74 111 34 135 3.0 45 36 173 50 94 4.1 5.0 49 70
Artemesia ssp. 33 26 34 45 74 170 4.1 82 11.6 16.6 11 1.8 31 36
Lotus wrightii 25 44 32 43 32 34 1.9 28 52 49 23 39 26 44
Chenapodium ssp. — — 53 0.0 133 00 56 00 24 0.0 & 00 14.0 00
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28 e~2ina plant was significantly less in 2000 than in
il 1999 (F, = 27.06, P < 0.001). No other
. - e effects for clipping, trampling, or their inter-
HEIILR] -E; action were detected for any other variable.
3 Shifts in species composition were pro-
© o = nounced (Table 4). Wild strawberry
Nee | 3K 8 (Fragaria americana) decreased in rela-
= tive composition at intermediate levels of
N9 3 clipping and trampling, but increased at the
2@ |Had | & extremes. White clover (Trifolium repens)
; increased (+4.8%) at the highest trampling
@¥Imndax| 2 intensity, but decreased at all other levels.
T b R B 2 i , . .
= In addition, wh.tte clover increased 2.7% in
— - E non-clipped units, but decreased about 2.5%
o e e B e E when moderate or heavy clipping was ap-
= plied. The relative contribution of
. v % bluegrasses (Poa spp.) increased with in-
e 28| & creasing clipping intensity (+1.0%, 1.2%,
E and 3.7% for none, moderate, and heavy
MBe i By Ly clipping, respectively). Moderate intensities
ACE l=d 1 | B L L
A of clipping and trampling increased the rela-
2 tive contribution of sedges (Carex spp.).
8 Pussytoes (Antennaria spp.) increased with
B B % increasing clipping intensity (+1.0%, +1.2%,and
i R R e bt g +4.2% for none, moderate, and heavy clipping,
b=y respectively). Heavy intensities of clipping in-
g Savdan | & creased the relative contribution of fleabanes
i | (Erigeron spp.) (+4.9%) and Western yarrow
_ " ?‘5 (Achillea lanulosa) (+1.1%). However, when
SEeaRID | 4 combined with the heaviest intensity of tram-
'g 3 pling, Western yarrow increased 0.8% in rela-
O ~ = 25 tive composition compared to a 4.7% decrease
A=EA3498 | = g when no clipping or trampling was applied.
3 2
B o E’r_% DISCUSSION
| SRy | During this study, BAND experienced
o - 3 g two unseasonably warm years. Plant com-
G Broas i ] § Z munities are influenced as much, if not more,
. = ?c_ by abiotic variables (e.g., inter-annual differ-
" E 3 Y g ences in growing season precipitation) than by
3 % w E 2 & % & ungulate populations (Peterson et al. 1997).
2 EFE P S <5 |83 Winkel and Roundy (1991) found seedling
£ § ’&‘% SEES | Ex emergence in response to cattle trampling
© E883 E-;g '?é §| o= g differed among years and treatments relative
A "g ~§ % b _E g8 5| &g to precipitation patterns and periods of avail-
£ . = s [ v
s EZS E S8 g 3|0 =z able water. Olson et al. (1985) indicated that

139



orl

Table 5. Adjusted' mean density (number of plants/m® + SE) by vegetative type for different intensities® of simulated clipping and trampling treatment
combinations in 2000 in ponderosa-grassland (PG) habitat on Bandelier National Monument, New Mexico.

FORBS' GRASSES
Clipping Intensity Clipping Intensity
Trampling Mean* Mean*
Intensity H M N Trampling H M N Trampling
H 6 6 5 6A ¥ 3B 54 43A
(+0.79) (0.72) (£041) (x041) (£14.48) (£15.06) (£14.52) (+8.36)
M 5 5 6 5A &8 9 42 58A
(£0.70) {£0.70) (£0.70) (#0.40) (1445  (£1445)  (£1576) (+8.62)
L 5 5 5 5A 48 41 58 49A
0.71) (=0.73) (0.70) (£0.42) (14.50) (£1452)  (£1445) (#841)
N 4 3 -4 4B 4 51 ki) 42A
#0.73) @074)  (2071) (£0.45) (£1447)  (21446)  (21535) (+8.51)
Mean* 5A S5A S5A 53A 44A 46A
Clipping  (20.35) 035  (#035) #7.23) (+724) (47.23)

' ANCOVA adjusted means account for pre-treatment (1999) foliar cover estimates.

* Clipping was applied at 100 (H), 40-60 (M), or 0 (N) percent standing crop removal while trampling was applied at 100 (H), 25 (M), 5 (L), or 0 (N) footfalls

per unit area.

* Density data for forbs were square root transformed to meet assumptions of normality.
* Means (within treatment) with the same letter are not statistically differentata=0.10.
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each species reacts to precipitation regimes
and grazing pressure in a unique manner.

Given the migrational behavior of elk,
elevational partitioning occurs in different sea-
sons resulting in heavier use of certain habi-
tats during some parts of the year. Impacts
caused by clipping and/or trampling may be
confounded when looking at individual plant
species or differing precipitation regimes
(Olsonetal. 1985; Cole 1995a, b, 1998) all of
which vary from one elevational zone to an-
other. This may be somewhat illustrated by
the inconsistent, butsignificant habitat X tram-
pling interaction we detected for total foliar
cover. Moderately trampled units in ponderosa
habitats had 2.5 times more foliar cover than
in PJ, and nearly 4 times more than in MC
sites. However, within habitat analysis in PG
did not reveal any trampling effects on foliar
cover whereas a significant effect was de-
tected in PJ.

Plant densities were higher in heavily
clipped plots in PJ habitat versus moderately
ornon-clipped experimental units. Itis possi-
ble that bunchgrasses in PJ sites responded to
heavy clipping pressure coupled with above
average seasonal temperatures and lower
moisture with a breakup of the original plants,
which were then counted as more individual
plants the following year. Trampling applied
to those plots exacerbated this effect by pul-
verizing the dead or dying connective portions
of bunchgrasses. However, the dominant
species in this habitat type was blue grama,
which is deemed to be tolerant of grazing and
trampling (USDA Forest Service, Fire Ef-
fects Information System, http://
www.fs.fed.us/database/feis, March 12,
1998).

Intensity of clipping did not have any
detectable effect on overall plant densities
in PG habitat; however, clipping appeared
to interact with trampling intensity in MC
sites. Moderately grazed and trampled
units tended to have relatively higher grass
coverthan any other treatment combination
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in these sites. A clear explanation for this
isnotavailable, although other studies have
advocated use of grazing or trampling to
stimulate forage production (Savory and
Parsons 1980, McNaughton et al. 1983).
Though not supported by results in other
habitats, it is possible that moderate
intensities of clipping and trampling comple-
ment each other providing optimum grow-
ing conditions for grasses in MC habitats.

One result that appeared to be consist-
ent regardless of habitat was the effect of
clipping intensity on total litter cover. Less
litter cover was found in heavily clipped
plots in PJ and MC exclosures. A negative
correlation of grazing intensity to litter cover
has been documented elsewhere (Biondini
et al. 1998). Litter plays a crucial role in
ecosystems as a source of organic material
and reducing soil erosion (Biondini et al.
1998).

Measures of basal area did not change
with this first year’s treatments and species
richness was only affected by treatments in
MC sites where heavy intensities of tram-
pling resulted in fewer species. Suchincon-
sistencies or lack of response can be ex-
plained in two ways. First, only a single
year has elapsed between initial treatment
applications and the resultant data collec-
tion reported here. Much longer time peri-
ods — periods in the range of 20 years — may
be needed to detect some vegetative re-
sponses to changes in grazing pressure
(Chong 1992) especially in ecosystems that
have developed with a history of grazing
pressure. Changes in basal cover for indi-
vidual plant species may be highly suscep-
tible to precipitation (Olson et al. 1985)
indicating that dominant species and their
response to precipitation fluctuation need to
be identified over the long-term prior to
evaluating grazing/trampling effects. Sec-
ondly, all vegetative parameters measured
had high intrinsic variability.

At lower elevations blue grama in-
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creased with a subsequent decrease in
mountain muhly. Blue gramais known to be
tolerant of grazing (Santos and Trlica 1978,
Bock and Bock 1986) and may even in-
crease in overgrazed range (USDA Forest
Service, Fire Effects Information System,
http://www.fs.fed.us/database/feis, March
12, 1998). In contrast, mountain muhly is
considered intolerant to grazing (Arnold
1950). Inan Arizona study using long-term
exclosures, Arnold (1950) indicated that
mountain muhly showed the greatest in-
crease in ungrazed quadrats, occurred in
“patches” when moderately grazed, and
disappeared when overgrazed. Similarly, in
Colorado cover increased as grazing de-
creased (Johnson 1956) comprising 20% of
the composition in ponderosa habitat on
heavily grazed areas compared to 45% on
those not grazed. Results of this study
support these patterns.

Seasonal progression of environmental
variables and phenological development of
individual plants may confound effects of
defoliation intensity (Briske and Richards
1995). Climate may confound interpreta-
tion since blue grama is more commonly
known to be drought-tolerant (U.S. Forest
Service 1937; Menke and Trlica 1981;
USDA Forest Service, Fire Effects Infor-
mation System, http://www.fs.fed.us/data-
base/feis, March 12, 1998) — a condition
which appears to be prevalent the last cou-
ple of years in this region of the Jemez
Mountains. Boryslawskiand Bentley (1985)
reported an interaction between tempera-
ture regime and clipping treatment with blue
grama being less sensitive to clipping at
higher temperatures than western
wheatgrass.

Atmid-elevational ponderosa grassland
sites, western wheatgrass proliferated in
response to moderate levels of trampling.
Wheatgrass is drought- and grazing-toler-
ant and 1s good winter forage for elk and
mule deer (Odocoileus hemionus) (U.S.
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Forest Service 1937), but it is known to be
less tolerant to clipping at higher tempera-
tures than blue grama (Boryslawski and
Bentley 1985). To date our results support
this observation.

Other notable shifts in species compo-
sition in PG included the disappearance of
goosefoot species and an increase in trailing
fleabane. Trailing fleabane is relatively
poor forage because of its ground-level
growth form and generally increases on
grazed lands (U.S. Forest Service 1937).
The disappearance of goosefoot species in
our sites cannot be explained because of a
lack of information on responses to grazing
and trampling in the literature. However,
treatments were applied at the earliest part
of the growing season when these plants
were seedlings and were probably unable to
tolerate such extreme conditions.

Arizona three-awn decreased in rela-
tive composition when heavy clipping or
trampling was applied, but increased on
non-treated units. Little information exists
in the literature regarding response to graz-
ing pressure, but it is generally thought to
have poor forage value because of its promi-
nent awns (U.S. Forest Service 1937). In
mixed-conifer regions, noticeable shifts in
relative composition occurred with white-
clover, bluegrasses, sedges, and pussytoes.
White clover is considered excellent forage
for ungulates (USDA Forest Service, Fire
Effects Information System, http://
www.fs.fed.us/database/feis, March 12,
1998) and withstands trampling well (U.S.
Forest Service 1937), butitisnottolerantof
drought conditions (Gibson and Cope 1985).
Our results support this observation with
the greatest relative increases in white clo-
ver occurring at the heaviest intensity of
trampling. Though not evident with this
study, plants can adapt to severe defoliation
by developing smaller leaves and more
stolons (Ryle et al. 1989) and it has been
reported that this plant may grow stronger
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and bulkier (i.e., become more robust) when
grazed (U.S. Forest Service 1937, Hay et
al. 1989, Chapman etal. 1992). Inaddition,
white clover is a species with a high degree
of phenotypic plasticity that can result in
large fluctuations in size of individual plants
(Hay et al. 1989).

Individual species of Carex, Poa, and
Antennaria respond to grazing pressures
and climate differently (U.S. Forest Serv-
ice 1937) making it difficult to interpret our
results which are based on generic classifi-
cations. In general, Poa spp. are known to
be good to excellent forage and resistant to
heavy trampling, grazing, and drought con-
ditions (U.S. Forest Service 1937,
Stubbendieck et al. 1985) because growing
points are below ground throughout the
growing season for most species (Ehrenreich
and Aikman 1963). Results from this study
support these observations as Poa spp.
increased with increasing clipping intensity.
Similarly, Carex spp. did not appear to be
negatively impacted by grazing and tram-
pling treatment combinations. Intermediate
intensities of clipping and trampling in-
creased the relative contribution of Carex
in our study and it did not appear to benefit
when protected from grazers. Likewise,
Antennaria spp. increased with clipping
intensity. One species, A. parvifolia, has
been shown to decrease slightly under light
to moderate grazing, but increase in heavily
grazed areas (Smith 1967). In ponderosa
communities, it has also been shown to
survive heavy trampling (Smith 1967).

Trampling, in general, more consist-
ently affected variables. In PJ communi-
ties, moderately trampled plots had less
total foliar cover than lightly trampled units.
Further inspection indicated that lightly tram-
pled treatments had significantly higher forb
cover in this community. In contrast, mod-
erately trampled units had a higher density
of plants than non-trampled areas in PG, but
densities were not different from lightly or
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heavily trampled sites. Finally, MC sites
had more species in lightly trampled loca-
tions compared to heavily treated areas, but
not when compared to moderately or non-
trampled quadrats. In total, these observa-
tions suggest that there may be an interme-
diate threshold at which trampling may stimu-
late plant productivity, especially in terms of
forb response.

Similar responses to trampling have been
reported in the literature. Cole and Spildie
(1998) concluded forb-dominated sites were
highly vulnerable to trampling effects, but
recovered rapidly. The ability of a vegeta-
tion type to tolerate recurrent trampling
disturbance may be more a function to
recover from damage than its ability to
resist being damaged (Cole 1995a,b). Cole
(1995a, b) further stated that certain veg-
etation types might exhibit thresholds of
vulnerability in response to trampling that,
when exceeded, may result in even greater
damage to the plant.

There are 3 explanations for the vari-
able results we found in this study. First,
there may be a possibility that heavy winter
and variable spring grazing, with associated
trampling, may not cause extensive plant
mortality or progressive changes in basal
area (Houston 1982), especially during dor-
mant phases of plant life cycles. Secondly,
much longer time periods (periods in the
range of 20 years) may be needed to detect
vegetative responses to changes in grazing
pressure (Chong 1992), especially in eco-
systems that have developed with a history
of grazing pressure. Finally, the amount of
inherent variability present in the vegetative
communities of BAND may have precluded
detection of changes.
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