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ABSTRACT

Burning reduced shrub canopy volume in areas open to browsing/grazing immediately
following burning, but increased regeneration of elm (Ulmus americana) and box elder (4cer

negundo). Herbivory on shrubs in burned plots increased in the summer and winter following
burning, particularly on spring burns. Fall burning had a greater impact than spring burning,




Introduction

Wind Cave National Park (WCNP) is a small, fenced park in the Black Hills of South
Dakota enclosing a mosaic of mixed grass prairie and ponderosa pine communities. The park
supports all mammalian herbivores native to the area, including bison (Bison bison), white-tailed
deer (Odocoileus virginianus), mule deer (Odocoileus hemonius), and elk (Cervus elaphus).
Woody riparian draw communities are a unique component of the WCNP ecosystem. These
communities, found along flowing and intermittent streams, support growth of hardwood shrubs
and trees. Many western species are at the eastern limit of their distribution in these areas, and
conversely, many eastern species are at the western limit of their distribution. The abundance of
shrubby vegetation in these draws provides forage and cover for the large ungulates which
inhabit the park.

Several significant ecological forces have changed the face of WCNP over the past
decade. Dutch elm disease eliminated much of the American elm (Ulmus americana) from the
riparian tree canopy. Box elder (Acer negundo), another dominant tree at the turn of the century,
is heavily browsed by elk and deer, and does not withstand extreme winter weather. It may be
declining in riparian habitats (Maguder 1983). Ponderosa pine forests have expanded, likely due
to policies of fire suppression. Dendrochronological studies indicate that fires occurred every 13
to 21 years in this area from 1820-1910 (Shilts et al. 1980). Pine forests now extend right to the
borders of streams in many areas. Park managers are concerned pine may be out-competing
hardwood shrubs found in these woody draws through lowering of local water tables and
shading. These hypothesized processes, however, have not been verified.

Woody shrubs found in draws appear to be declining. Prior to the present study, high
levels of ungulate use had been observed on shrubs, but lowered local hydrology may also be
contributing to this decline. A National Park Service study of rare trees and shrubs in WCNP
concluded that many rare species were over-mature and suggested that regeneration had been
retarded due to wildlife utilization, competition with pines, and lack of available moisture (Smith
1978, Shepardson 1980). Large ungulates are confined to the park in varying degrees. The 8-
foot fence surrounding the park confines bison, but elk are able to leave the park through
specially designed crossings in the fence. However, it is likely that large numbers of elk also
enter the park from adjacent national forest land as well, particularly during the hunting season.
The park culls bison annually. The elk herd was also reduced to approximately 250 animals in
the park in 1994.

To better manage these unique resources, park managers are interested in impacts of
prescribed burning and ungulate herbivory on shrub production, regeneration, and consumption
by herbivores in woody draw communities. We used a series of seven exclosures, erected in late
1994, to experimentally examine the effects of herbivory and burning on vegetation. Treatments
included: grazed-burned, grazed-unburned, exclosed-burned, and exclosed-unburned. In
addition, we tested to see if the effects differed based on whether burns were conducted in spring
or fall.




elder (Acer negundo), American elm (Ulmus americana), currant (Ribes spp.), chokecherry
(Prunus virginiana), American plum (Prunus americana), skunkbrush sumac (Rhus aromatica)
and snowberry (Symphoricarpus occidentalis). Elevations ranged from 1100-1300m.

both the Beaver Creek and Coldspring East sites. In July 1997, a heavy windstorm caused a tree
to fall on the exclosure fence at Coldspring West, and herbivores were quick to exploit this
opportunity. Several ungulate (most likely elk or deer) bedding sites and extensive browsing on
elm were found during August 1997. Fence was repaired in August 1997, and measurements on
this treatment could resume as soon as summer 1998,




Methods

Field data collection was conducted in August and September 1995-97 and April 1996-
97. Ateach site, five 9.3 m? (100 f) circular plots were established in each of four treatment
areas: exclosed-unburned, exclosed-burned, grazed-unburned, grazed-burned. Data collected on
each plant included: species; canopy diameters (widest and perpendicular to widest diameter);
plant height; number of stems; estimate of percent of canopy dead. On every fourth individual of
each shrub of each species a subsample of the number of browsed and unbrowsed leaders; twig
basal, tip, and browse diameters. A large sample of twigs were collected from various species at
each site in spring and summer 1996. These twigs were oven-dried at 55° C for 48 hours,
separated into leaves and twigs (when appropriate), and weighed to the nearest 0.01 grams.
Production was estimated by determining average weight of current year twigs and multiplying
by the total number twigs produced.

Measures were collected during April to estimate winter consumption, and August to
estimate summer consumption. Percent leader use was determined using the equation :

% leader use=—2
a+b

where a = # browsed leaders and b = # unbrowsed leaders. Average percent current year twig
removed was determined using the method of Jensen and Urness (1981) and Pitt and Schwab
(1990) following the formula:

100(D,-D,)

% twig use=
D,-D,

where D =twig diameter at point of browsing, D=diameter of a representative sample of twig
tips, and Dy=basal diameter of current year’s twig growth. Total percent consumption was
determined by multiplying % leader use by % twig use.

All sites were mapped to identify location, height, and stem counts of trees and shrubs of
Acer negundo, Populus balsamifera, P. deltoides, Ulmus americana, Pinus ponderosa, Fraxinus
pennsylvanica, and Salix spp. in 1995 and 1996. A tally of stems and heights of species of
interest was conducted in the old “black cottonwood”’exclosure and adjacent grazed/browsed
areas (~150 m from exclosure) in 1995, prior to prescribed burning of the larger area surrounding
it, and again in 1996. No unburned controls exist for this site and it was not included in any
analyses of production or consumption for sites with new exclosures.

Statistical analysis was performed using Statistical Analysis Software (SAS) version 6.11.
PROC GLM was used to analyze a two-factor ANOVA for an unbalanced design, with
burning/grazing treatment and season of burn as factors. Analyses were done separately for each
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Results
Consumption

Burning attracted elk to forage in many sites as was indicated by increased levels of
consumption in the year immediately following burning. Percent leader use (pooled across a]
sites) was significantly higher (p=0.0349) in burned areas in winter 1996-97 (Table 1). Percent
leader use in summer 1996, was slightly higher (p=0.0558) in areas burned in spring versus
unburned plots in the same area and leader use on spring burn plots was even higher during

Fall burning led to decreased heights of the currant, Ribes aureum. Plants were taller
(p=0.0155) in exclosed-unburned than burned plots (F ig. 7). Fall burning increased canopy
volume, canopy area, and production of R. aureum, however, slight pretreatment differences
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were found in 1995 for canopy area and volume (p=0.0450, p=0.0392) (Fig. 8a). Significance
levels were much higher in 1996 (p=0.0004 volume, p=0.0006 area) and 1997 (p=0.0014,
p=0.0037) (Fig. 8b). Production ranged from 5-40 times (p=-0074) greater in sites that were
burned in the fall than all unburned plots and plots burned in the spring, regardless of whether
they were grazed or not (Fig. 8c). In 1997, production was still greater (p=0.0098) in fall burn
plots than spring burn plots, but no interaction based on exclusion from grazing or burning was
evident (Fig. 8d).

Numbers of box elder stems increased in treatments that were exclosed, particularly when
unburned (Fig. 9a-b) in two exclosures. In the black cottonwood exclosure, which had been
burned many years prior to this study as well as in 1995, increases were seen in black cottonwood
(Populus balsamifera) and plains cottonwood (Populus deltoides) after burning, but the increases
were much greater within the exclosure than in grazed areas(Fig. 9c-d).
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Figure 1: Ungulates consumed more leaders of shrubs in plots burned in spring vs.
unburned plots (a). Summer leader use was greater in 1996 vs. 1997 and winter

leader use in 1995-96 was greater than 1996-97 (b). Different letters denote significant
(p<0.05) differences.
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Figure 2: Total shrub canopy volume and canopy area on spring burns (a) and
compared between spring and fall burns (b). Different letters denote significant
(p<0.05) differences within volume and area.
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Figure 3: Average height of shrubs in spring burns were significantly taller compared
to fall burns in 1996.
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Figure 4: Canopy area was greater for Rosa spp. in 1997 (b) compared to 1996 (a).

Canopy volume and area (a) was greater on spring burned sites in 1996, and for area
in 1997 (b). Differences between seasons are significant (p<0.05).
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Figure 5: Height differences based on treatment for Ulmus americana
in 1996. Ulmus americana was taller in plots protected from grazing and
burning. Different letters denote significant (p<0.05) differences.
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Figure 6: Histograms of total stem counts for elm (a-d) in several sites. Treatments:
eb=exclosed-burned, eu=exclosed-unburned, gb=grazed-bumed, gu=grazed-unburned.
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Figure 7: Burning temporarily reduced heights of Ribes aureum in 1996,
Different letters denote significant (p<0.05) differences.
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Figure 8: Pre-treatment (1995) (a) and post-treatment (b) canopy volume and area
differences, and production differences in 1996 (c) and 1997 (d) for Ribes aureum.

Different letters denote significant (p<0.05) differences. Fall burning stimulated growth
of Ribes aureum.
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Figure 9: Histograms of total stem counts for boxelder (a-b) and for plains

cottonwood (c) and black cottonwood d)

in the Black Cottonwood exclosure.

Treatments: eb=exclosed-burned, eu=exclosed-unburned, gb=grazed-burned,

gu=grazed-unburned.
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Discussion

Prescribed burning can be a valuabje management tool in the maintenance of many plant
communities, particularly those which have evolved with high fire frequency, as historically

specifically found decreases in height of Ribes spp. in the years immediately after burning as we
did, but unlike this study, they found overall density decreases of Ribes spp. for several years
after burning. Differences in our results may be due to the fact that we did not lump all Ribes
Spp. together, and that Bock and Bock encountered at least one different Ribes species in their
burns.

Herbivory suppressed shrub canopy volume and area in 1996, and contributed to
decreased height growth in elm. In general, herbivory rates on riparian shrubs of WCNP are low,

increased levels of proteins and minerals in browse species, but found these nutrient increases
were short-lived. The drop in percent leader use by summer 1997 suggests that attraction to the
burned areas in WCNP may be short-lived as well, but continued data collection would be
necessary to prove this.

Fall burning had a significant impact on shrub production and regeneration immediately
following burns. Overall canopy volume and area were significantly higher in riparian areas that

was not as high as when areas were burned in spring. When utilization by herbivores is
suppressing plants, such as elm, and burning increases regeneration, burning regimes that result
in heavier utilization should be avoided.
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The combination of burning and herbivory also had a significant impact. Shrub canopy
volume and area were lowest in the growing season immediately following burning, in areas that
were both subject to burning and herbivory. Both burning and herbivory reduced heights of elm,
though the combination djd not result in greater suppression. Shrub productivity, canopy

Cave National Park, but Ineasures must be taken to, at least temporarily, reduce browsing
pressure on the regenerating plants. Several options could be used to achieve this goal:

1) Burned areas could be fenced prior to, or immediately following, burning.

2) Elk herds could be culled to lower densities prior to conducting burns to reduce
browse pressure on regenerating plants.

3) Larger areas of mixed riparian, grassland, and pine forest could be burned to provide
more forage areas for elk so they might not concentrate on small burned riparian patches.

productivity as a result of the 1995-96 burns. Measurements in 2001 and 2002, for example,
might reveal if recruitment into heights beyond the reach of elk had occurred.
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