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A B S T R A C T

Current federal post-ﬁre land management recommendations in the United States suggest that
rangelands be rested from grazing for two growing seasons following ﬁre to allow for proper recovery,
despite the lack of empirical literature supporting this recommendation. This project was designed to
determine if grazing the ﬁrst growing season following a spring wildﬁre alters subsequent productivity
and species composition of northern mixed-grass prairie. Following the April 2013 Pautre wildﬁre in
northwestern South Dakota, 100 m2 exclosures were erected in three burned pastures to simulate two
growing seasons of rest. Grazing exclosures were paired with sites grazed both the ﬁrst and second
growing seasons following the ﬁre and replicated across loamy and sandy ecological sites. Prior to grazing
the second growing season, ﬁve 2 m2 cages were placed at each grazed site to assess ﬁrst-year grazing
effects. Following the second growing season, productivity and species composition were determined for
exclosures and cages. Productivity was greater for loamy than sandy ecological sites (loamy = 2764 kg
ha1, sandy = 2356 kg ha1; P = 0.0271), but was similar between grazing treatments (rested = 2556 kg
ha1, grazed = 2564 kg ha1; P = 0.9550). Ecological site strongly determined species composition. Loamy
sites consistently contained more Pascopyrum smithii, Bouteloua gracilis and Carex duriuscula than sandy
sites (30 v 0%, 18 v 8%, 4 v 1%; P = 0.0004, 0.0457 and 0.0382 respectively). The effects of grazing exclusion
were limited to Hesperostipa comata and the non-native Agropyron cristatum composition. H. comata was
more prevalent on rested sites (22 v 15%, P = 0.0096). A. cristatum experienced a grazing treatment by
ecological site interaction as it was reduced by grazing on sandy sites, but was not affected on loamy sites
(P = 0.0226). Results do not support the notion that a two growing season rest period following ﬁre is
required in the northern mixed-grass prairie.
Published by Elsevier B.V.

1. Introduction
Current federal land management recommendations in the
United States decouple the historic disturbances of ﬁre and grazing
in North American prairies. Natural disturbances and the regimes
in which they occur, far from being stressors as the nomenclature
might imply, are integral ecological processes essential to long
term ecosystem stability (Sousa, 1984). Scholars agree that prairies
evolved under a tight, ﬁre-grazing linkage, termed pyric herbivory,
with herbivores being attracted to recently burned areas when
given the freedom of selection (Anderson, 2006; Fuhlendorf et al.,
2009). Recent literature suggests that not only are prairies well
adapted to ﬁre and post-ﬁre grazing, but that the combination of
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these disturbance may be necessary for the maintenance of
ecological processes in these grasslands (Collins and Barber, 1986).
However, current federal recommendations suggest that rangelands should be rested from grazing following ﬁre. Although this
recommendation may be beneﬁcial on some rangelands, it may be
unnecessary or inappropriate when applied to all rangelands due
to the large variety of rangeland ecosystems with individual
disturbance regimes.
United States Forest Service (USFS) recommendations state,
“Revegetated areas and areas that have been burned but not
revegetated will be closed to livestock grazing for at least two
growing seasons following the season in which the wildﬁre
occurred to promote recovery of burned perennial plants and/or
facilitate the establishment of seeded species. Livestock closures
for less than two growing seasons may be justiﬁed, on a case-bycase basis, based on sound resource data and experience” (Blaisdell
et al., 1982). The Bureau of Land Management utilizes an
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essentially identical recommendation (Bureau of Land Management, 2007). The rationale for these policies relies on several
assumptions. First, it is assumed that ﬁre will reduce plant vigor
and productivity, rendering plants less capable of surviving a
grazing event. However, literature indicates that plants may
respond negatively, neutrally or positively to ﬁre (Engle and
Bidwell, 2001; Knapp et al., 2009; Russell et al., 2015). Additionally,
it is assumed that ﬁre will result in appreciable plant mortality,
requiring the recruitment of new seedlings for recovery. There are
examples of ﬁre actually increasing germination and seedling
accumulation of native species (Maret and Wilson, 2000) and
reducing emergence of non-native species (Vermeire and Rinella,
2009). However, literature indicates that the plants of some
ecoregions experience little mortality following ﬁre (Benson and
Hartnett, 2006; Haile, 2011) and that ecosystem recovery does not
rely on seedling recruitment (Benson and Hartnett, 2006). Lastly,
this recommendation assumes an increased risk of soil erosion
following ﬁre due to bare ground resulting from litter combustion
and plant mortality, indicating that burned sites should be
protected from the increased erosion that can result from grazing
(Naeth et al., 1991). Conversely, ground litter and detritus can
actually build up to detrimental levels, limiting productivity, in
under-disturbed prairies (Knapp and Seastedt, 1986). Empirical
evidence to support the recommendation for rest across the whole
geographic region to which it is applied is sparse.
The few available references indicating that there may be a need
for rest following ﬁre originate primarily from the Great Basin and
speciﬁcally assess the effects of ﬁre and post-ﬁre defoliation on
caespitose grasses, primarily Pseudoroegneria spicata (Pursh) Á.
Löve and Festuca idahoensis Elmer. Clipping following ﬁre
additively increased the mortality experienced by these species
when compared to unclipped plants (Jirik and Bunting, 1994).
These studies suggest that rest from grazing for 1–3 years
following ﬁre will allow for plant vigor and seed production of
these caespitose grasses to return to pre-ﬁre levels while avoiding
additive mortality from defoliation (Patton et al., 1988; Bunting
et al., 1998). The rest interval also allows newly recruited seedlings
to become sufﬁciently established to withstand a grazing event
without mortality being inevitable, as recommended by the theory
of rest-rotation grazing management (Hormay, 1970). Within the
Great Basin, recent research has questioned the need for post-ﬁre
rest (Bates et al., 2009; Roselle et al., 2010), but the response of the
rhizomatous and caespitose species of the northern mixed-grass
prairie is not widely documented.
Research in the northern mixed-grass prairie indicates that
vigor and productivity generally remain unaffected or are
enhanced by ﬁre (White and Currie, 1983; Vermeire et al., 2014)
with few, if any, plants experiencing mortality (Haile, 2011).
Furthermore, many northern mixed-grass species have a rhizomatous or stoloniferous, rather than caespitose, habit (e.g. Pascopyrum
smithii (Rydb.) Á. Löve, Bouteloua gracilis (Willd. ex Kunth) Lag. ex
Grifﬁths, Bouteloua dactyloides (Nutt.) J.T. Columbus, etc.) (Wakimoto et al., 2005). A recent study indicates that, while neither the
caespitose Hesperostipa comata (Trin. & Rupr.) Barkworth nor the
rhizomatous P. smithii mixed-prairie grasses experience immediate mortality following ﬁre, rhizomatous grasses are overall less
susceptible than caespitose grasses (Russell et al., 2015). Rhizomatous grasses are also less reliant on the regular recruitment of
seedlings for propagation (Cheplick, 1998). Additionally, in the
neighboring tallgrass prairie, composed of similar growth forms
and subjected to similar disturbances as the northern mixed-grass
prairie, Benson and Hartnett (2006) indicate that community
recovery does not rely on germination of seed, but rather on
tillering by surviving plants. Seasonality of ﬁre further inﬂuences
whether ﬁre effects are negative, neutral or positive. In shortgrass
prairie, dormant season ﬁre may have no effect on plant vigor or
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survival, with effects essentially limited to the removal of litter,
while ﬁre during the peak of the summer growing season may limit
productivity (Brockway et al., 2002). However, the evolutionary
history of North American prairies indicates that most naturally
ignited wildﬁres occurred during summer (Higgins, 1984),
suggesting that prairies should be well adapted to ﬁre even in
the most damaging season. Species-speciﬁc or plant functional
group responses can vary with ﬁre factors, such as seasonality and
intensity (Knapp et al., 2009). As such, it is important to identify
how ﬁre variables may affect species composition and how those
changes can affect or be further altered by subsequent ecological
processes, including herbivory. Adaptations to deal with the effects
of ﬁre should be equally apparent in soil quality as they are in the
vegetation.
Canopy and litter cover have been shown to moderate soil
moisture and quality (Hulbert, 1969) and reduce erosive potentials
(Benkobi et al., 1993). Fire will readily consume existing litter
whereas grazing reduces litter via biomass removal and trampling
(Naeth et al., 1991), indicating that either ﬁre, grazing or post-ﬁre
grazing could reduce soil moisture or quality and increase erosion.
However, Knapp and Seastedt (1986) indicate that, in tallgrass
prairie, litter can accumulate to such a degree that it will inhibit
productivity. Furthermore, in moisture limited systems, decomposition of litter occurs at limited rates, necessitating augmented
recycling of litter through ﬁre or grazing to maintain sustainable
nutrient cycling (Brockway et al., 2002).
Taking this all into account, it is probable that individual
rangelands have the capacity to respond disparately to the same
disturbance regimes. Additionally, responses within one rangeland
system can be expected to differ as annual precipitation and
ecological site change across the landscape. Precipitation patterns,
not management regimes, have been shown to account for the
majority of yearly variation in productivity on northern mixedgrass prairie (Derner and Hart, 2007). Furthermore, ecological sites
have been shown to maintain individuality unless severely or
frequently disturbed (Gibson and Hulbert, 1987). Thus, post-ﬁre
grazing considerations likely need to be based upon the type of
rangeland as well as the yearly and topographical variations within
each rangeland type, indicating that the responses of Great Basin
caespitose grasses may not be reﬂective of the adaptive capacity of
the northern mixed-grass prairie to respond to ﬁre and grazing.
Though North American rangelands, particularly the northern
mixed-grass prairie, are speciﬁcally addressed in this work, postﬁre land management with respect to grazing is far from an issue
unique to the United States or North America. In Norway, Vandvik
et al. (2005) indicate that post-ﬁre grazing in heathland systems
should not be considered equivalent to the sum of the effects of ﬁre
and grazing applied individually. Kutt and Woinarski (2007)
suggest that the effects of grazing immediately following ﬁre in
Australian tropical savanna woodlands are not well understood
despite this being the most common management practice.
Given the limited empirical support for current management
recommendations, we evaluated the effects of grazing and rest
following spring wildﬁre on two ecological sites within the
northern mixed-grass prairie. The objective of this study was to
quantify the effects of moderate post-ﬁre grazing versus rest on
productivity, community composition and basal cover. White and
Currie (1983) found no negative impact of ﬁre on post-ﬁre
productivity and Vermeire et al. (2011 [Vermeire et al., 2014]2014)
found no negative effects of summer ﬁre or post-ﬁre grazing on
productivity. Vermeire et al. (2014) found minimal effects on
community composition and Bates et al. (2009) found none when
comparing grazed and rested sites following ﬁre. Vermeire et al.
(2014) observed that moderate post-ﬁre grazing may reduce litter
mass and Bates et al. (2009) suggested that litter frequency under
post-ﬁre grazing will recover to levels comparable to rested sites
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within two years. Therefore, we hypothesized that 1) grazing
following a spring wildﬁre would have little effect on productivity
the year following ﬁre; 2) post-ﬁre grazing would have no effect on
plant community composition the year after ﬁre; and 3) litter cover
and bare ground would each be similar between grazed and rested
sites the second growing season following spring wildﬁre.
2. Methods
2.1. Wildﬁre & study sites
The Pautre ﬁre (31 km southwest of Lemmon, SD), occurred on 3
April 2013 and was contained on 7 April 2013, burning a 4322 ha
mosaic of Grand River Cooperative Grazing Association, Grand
River National Grassland and private lands. This study was
conducted on the Dyson grazing allotment located within the
Grand River National Grassland portion of the burn (lat 45 510 2000
N long 102 280 3500 W). The Dyson allotment burned in its entirety
and is comprised of North (143 ha), Southeast (74 ha) and
Southwest (41 ha) pastures. Pastures were dominated by the C3
grasses H. comata, Agropyron cristatum (L.) Gaertn. and P. smithii,
with lesser a component of the C4 grasses B. gracilis and Aristida
purpurea Nutt. Psoralidium lanceolatum (Pursh) Rydb., Artemisia
biennis Willd. and Artemisia ludoviciana Nutt. were the most
common forbs. Artemisia frigida Willd., the only woody shrub
present, was rare. A complete list of species and their frequency by
ecological site and grazing treatment are provided in Supplementary Table 1.
Following the wildﬁre, six 10  10 m grazing exclosures were
erected, with two exclosures located in each pasture. Within each
pasture, one exclosure was built on a loamy ecological site (ReederLantry loams: Fine-loamy, mixed, superactive, frigid Typic
Argiustolls and Fine-silty, mixed, superactive, calcareous, frigid
Typic Ustorthents; 2–9% slopes) and the second on a sandy
ecological site (Vebar-Cohagen ﬁne sandy loams: Coarse-loamy,
mixed, superactive, frigid Typic Haplustolls and Loamy, mixed,
superactive, calcareous, frigid, shallow Typic Ustorthents; 6–25%
slopes) (Soil Survey Staff USDA-NRCS, 2008). The median distance
between any two exclosures was 209 m (23–861 m).
Precipitation averages 413 mm in Lodgepole, SD (approximately
12 km northeast of the study site) and 453 mm in Lemmon, SD with
most occurring from April to September (National Climate Data
Center, 2015). During the study period from 2013 to 2014,
precipitation was above average. Precipitation was 710 and
863 mm (190 and 172% of average) during 2013 and 474 and
457 mm (101 and 114% of average) during 2014 in Lodgepole and
Lemmon, respectively.

from within and outside of the exclosures was assumed to
represent grazing utilization during 2013 and used to further
quantify grazing treatment along with stocking rate. In August
2014, at the conclusion of the second growing season following the
ﬁre, standing biomass, community composition and basal cover
were sampled. Ten quadrats were clipped from each exclosure and
two quadrats were clipped from beneath each cage. All quadrats
were 0.1 m2 (20  50 cm). Community composition was measured
via the point-intercept method (Caratti, 2006). Ten randomly
distributed points were measured beneath each exclosure cage
while ﬁfty randomly distributed points were measured within
each exclosure. Observations at each point were used to calculate
canopy and basal cover. Differences between the exclosures
(“rested sites”) and the cages (“grazed sites”) were assumed to
represent the effects of grazing the ﬁrst growing season after ﬁre.
Biomass samples were dried at 60  C until loss in weight was no
longer observed. Total standing biomass weights were recorded.
Two samples from each exclosure and set of exclosure cages were
then sorted and reweighed with respect to current-year production and old (previous years) standing dead biomass.
2.4. Statistical analysis
The SAS MIXED procedure was used to perform analysis of
variance using the 10  10 m exclosures (n = 6) and grazed sites
(n = 6) as the experimental units (Littell et al., 2006). Response
variables for the mixed linear models included total standing
biomass, old dead, current-year productivity, canopy composition
by species and functional group (functional group refers to plants
with similar life strategies; groups used were cool season (C3)
grasses, warm season (C4) grasses, annual grasses, sedges and
forbs), total canopy cover, basal cover composition, species
richness and Shannon’s diversity index (calculated using canopy
frequency “hits” from the line-intercept transect). When necessary,
effects on composition were compared against raw frequency data
to determine if changes represented shifts in actual or relative
abundance. Where outlier values were suspected, they were
veriﬁed using the Generalized Extreme Studentized Deviate Test
and removed from further analysis. Ecological site and grazing
treatment were used as ﬁxed-effect explanatory variables with
pasture included as a random-effect variable. An a of 0.05 was
used to identify signiﬁcant effects and interactions while an a
between 0.05 and 0.1 was used to identify trends or tendencies.
Mean separations using the PDIFF option in SAS were used when
signiﬁcant interactions between ecological site and grazing
treatment were found.
3. Results

2.2. Post-ﬁre grazing
3.1. Biomass
Moderate grazing, following the USFS recommended stocking
rates, was applied to pastures the ﬁrst and second growing season
following ﬁre. Grazing occurred from 17 June to 31 October 2013
using 78 cow-calf pairs and 6 bulls (1.43 animal unit months [AUM]
ha1) and from 22 June to 30 September 2014 using 78 cow-calf
pairs and 3 bulls (1.14 AUM ha1). Prior to the 2014 grazing season,
ﬁve 2  1-m grazing exclosure cages were paired with each
exclosure to prevent further grazing during the 2014 season and
measure the effects of grazing during the 2013 growing season.
2.3. Sampling
At the end of the ﬁrst growing season following the ﬁre, August
2013, grazing utilization was measured by clipping eight quadrats
within each exclosure and eight quadrats from the grazed sites
paired with each exclosure. The difference in standing biomass

In 2013, at the conclusion of the ﬁrst growing season following
the ﬁre, grazing utilization was 35% on average with a median of
47%. Median grazing utilization likely represents a more accurate
utilization estimate as biomass data in 2013 were markedly leftskewed. Grazed sites had less standing biomass when compared to
rested sites at the end of the grazing period (Fig. 1A; P = 0.0307).
Standing biomass was similar between loamy and sandy ecological
sites the ﬁrst growing season after ﬁre (Fig. 1B; P = 0.7409).
In 2014, following the second post-ﬁre grazing season, total
standing biomass was 1.2 times greater on rested sites than grazed
sites (Fig. 1A; P = 0.0381). However, current-year productivity was
similar between grazed and rested sites (Fig. 1A; P = 0.7966) with
old dead, which was greater on rested sites, accounting for the
difference in total standing biomass (Fig. 1A; P < 0.0001). Standing
biomass and current-year productivity were, respectively, 1.20 and
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Table 1
Canopy cover composition (%), species richness (No. species per 50 random points),
ground cover (%) and standard errors for sites grazed or rested across ecological
sites following spring wildﬁre near Lemmon, SD, USA. Results from a mixed model
analysis of variance with ecological site and grazing treatment as ﬁxed-effect
explanatory variables and pasture included as a random-effect variable are
displayed for the main effect of grazing treatment. Species comprising functional
groups are described in Supplementary Table 1.
Component
Hesperostipa comata
Pascopyrum smithii
Koeleria macrantha
Other C3 per. grass
Carex spp.
Bouteloua gracilis
Aristida purpurea
Other C4 per. grass
Annual grass
Forbs
All C3 per. grass
All C4 per. grass
Richness
Litter
Bare ground

Grazed

Rested

SE

P-value

15.0
14.4
2.8
2.0
5.4
16.5
5.8
3.1
2.1
12.2
34.2
25.4
10
20.7
30.0

22.4
15.6
3.1
0.0
8.5
9.0
4.1
0.8
1.6
2.9
41.1
13.9
8
12.3
47.3

3.2
4.0
1.0
0.9
3.7
4.2
2.5
1.2
0.9
3.5
3.7
3.5
1.2
5.7
12.1

0.0096
0.7820
0.8317
0.1647
0.5727
0.1017
0.3617
0.1729
0.7363
0.0878
0.2331
0.0268
0.0247
0.3205
0.3194

Signiﬁcant P-values are in bold font.

Fig. 1. Current-year and old standing dead and total biomass + standard errors of
the means for (A) grazed and rested sites and (B) sandy and loamy ecological sites.
Means within a component and year with common letters do not differ P > 0.05.

1.17 times greater on loamy sites than sandy sites (Fig. 1 B;
P = 0.0259 and 0.0271, respectively). Total canopy cover tended to
be less on grazed sites (98%) than on rested sites (100%)
(P = 0.0603).

Fig. 2. Agropyron cristatum canopy cover composition + standard errors of the
means by ecological site and post-ﬁre grazing treatment. Means with a common
letter do not differ (P > 0.05) within the ecological site by grazing treatment
interaction (P = 0.0226).

3.2. Canopy composition
With respect to canopy community composition (Table 1), only
A. cristatum (Fig. 2) and H. comata were sensitive to grazing.
Grazing and site effects interacted in effects on A. cristatum with
grazing causing a reduction on sandy sites and no effect on loamy
sites where A. cristatum was uncommon (Fig. 2). H. comata was the
only species ubiquitously reduced by grazing (Table 1). C4 grasses
increased in relative composition under grazing. Forbs trended
toward greater abundance on grazed sites. Total species richness
was lower on rested sites. Grazing and site effects interacted with
respect to Shannon’s Diversity Index, with grazing increasing the
index on sandy sites with no apparent effect on loamy sites (Fig. 3).
P. smithii, B. gracilis and Carex spp. (Carex duriuscula C.A. Mey. and
Carex ﬁlifolia Nutt.) composition percentages were greater on
loamy than sandy ecological sites and Koeleria macrantha (Ledeb.)
Schult. followed a similar trend (Table 2). Other C4 perennial
grasses, primarily Schizachyrium scoparium (Michx.) Nash, were
more abundant on the sandy ecological site.

Fig. 3. Shannon’s diversity index + standard errors of the mean by ecological site
and post-ﬁre grazing treatment. Means with a common letter do not differ (P > 0.05)
within the ecological site by grazing treatment interaction (P = 0.0344).
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Table 2
Canopy cover composition (%), ground cover (%) and standard errors for Loamy and
Sandy ecological sites across grazed and rested treatments following spring wildﬁre
near Lemmon, SD, USA. Results from a mixed model analysis of variance with
ecological site and grazing treatment as ﬁxed-effect explanatory variables and
pasture included as a random-effect variable are displayed for the main effect of
ecological site. Species comprising functional groups are described in Supplementary Table 1.
Component

Loamy

Sandy

Hesperostipa comata
Pascopyrum smithii
Koeleria macrantha
Other C3 per. grass
Carex spp.
Bouteloua gracilis
Aristida purpurea
Other C4 per. grass
Annual grass
Forbs
All C3 per. grass
All C4 per. grass
Litter
Bare ground
Fecal

20.0
29.8
4.3
1.2
13.0
17.7
3.6
0.0
2.0
7.0
55.3
21.2
18.7
21.7
0.7

17.3
0.3
1.5
0.8
0.8
7.9
6.4
3.9
1.6
8.0
19.9
18.1
14.3
55.7
1.0

SE

P-value

3.2
4.0
1.0
0.9
3.7
4.2
2.5
1.2
0.9
3.5
3.7
3.5
5.7
12.1
0.5

0.2229
0.0004
0.0985
0.7794
0.0571
0.0457
0.1545
0.0401
0.7872
0.8360
0.0005
0.4607
0.5938
0.0773
0.6349

Signiﬁcant P-values are in bold font.

3.3. Basal cover
Litter cover and bare ground were each similar between grazed
and rested treatments (Table 1). Fecal cover appeared only on
grazed sites (1.7 vs 0.0  0.5%; P = 0.0465). Litter and bare ground
were similar across grazed and rested sites. Basal cover composition differed between ecological sites across grazing treatments
with respect to three species. A. cristatum appeared only on sandy
sites (5.6 vs 0.0  0.9%; P = 0.0022) and A. purpurea provided
greater basal coverage on sandy sites (4.0 vs 0.7  1.2%; P = 0.0092).
Loamy sites exhibited greater B. gracilis basal coverage than sandy
sites (25.7 vs 5.7  1.2%; P = 0.0426).
4. Discussion
Results support the hypothesis that moderate grazing during
the ﬁrst year following ﬁre will not alter subsequent-year
community productivity. At the end of the ﬁrst and second
growing seasons, grazing the ﬁrst growing season after ﬁre
predictably reduced standing biomass by 35 and 19%, respectively.
At the conclusion of the ﬁrst growing season, we can account for
this reduction as actual use. At the conclusion of the second
growing season, standing-dead from the previous year accounted
for the deﬁcit in total standing biomass. Rested sites had
691 kg ha1 (53%) more old dead material than grazed sites while
current-year productivity remained similar across the grazed and
rested sites. This ﬁnding agrees with observations of post-ﬁre
grazing in other areas of the northern mixed-grass prairie as well
as sagebrush steppe that report no difference in current-year
productivity (Bates et al., 2009; Vermeire et al., 2014). Greater than
average precipitation during the study period almost certainly
affected productivity and may have affected species composition.
Given that this experiment studied grazing effects following
wildﬁre and was not repeated with different weather conditions,
the data cannot predict whether post-ﬁre grazing effects would
vary with drier conditions. However, rangeland productivity and
composition responses to grazing following summer ﬁre were
consistent across dry and wet growing conditions and effects on
productivity were similar whether biomass utilization was 0, 17,
34, or 50% (Vermeire et al., 2014). Had conditions been drier, it is
likely that the magnitude of the difference in old dead material
would have been smaller because the absolute difference in

residual mass between grazed and nongrazed sites shrinks as
forage production decreases.
Contrary to the hypothesis, community composition, as
measured by canopy cover, shifted slightly under moderate
post-ﬁre grazing. On an individual species basis, only A. cristatum
and H. comata were found to be sensitive to grazing. C4 grasses
were 11.5% more prominent after grazing. These changes were
primarily attributable to the dynamics of A. cristatum and H.
comata. C3 grasses are not only of a greater nutritional quality, but
dominate the canopy over the relatively short statured C4 species
found at the site, ultimately causing C3 grasses to be preferred by
grazers (Vinton et al., 1993; Coleman et al., 2004). Changes in
community composition, including the reduction of H. comata is
not unprecedented following ﬁre or grazing nor is the shift in the
C3:C4 ratio necessarily undesirable. A C3:C4 ratio closer to 1:1 can
extend forage quality by ensuring that active growth of high quality
forage occurs during both cool and warm seasons (Doll et al., 2011).
The observed increase in Shannon’s diversity index on grazed,
sandy sites can be accounted for by the concurrent trend toward
increased abundance of forbs on grazed sites. This agrees with the
observations of Collins and Barber (1986) in which diversity was
increased with the combined disturbances of ﬁre and bison grazing
when compared to ﬁre alone, as predicted by the intermediate
disturbance hypothesis. It is not unprecedented that this effect was
only found on sandy sites as Gibson and Hulbert (1987) report a
similar soil type by ﬁre interaction.
As a species especially resistant to disturbances such as grazing
(Looman and Heinrichs, 1973) and drought that can form
persistent monocultures (Rogler and Lorenz, 1983), the observed
reduction in A. cristatum composition is somewhat unique. While
valued by some producers as an early-season forage and as a
competitor of more invasive species, some range managers and
conservationists also struggle to reduce A. cristatum in attempts to
restore native species (Cook and Harris, 1952; Sedivec et al., 2010;
Fansler and Mangold, 2011). Managing A. cristatum for either
maintenance or reductions was not the primary goal of this
research. However, results suggest that the role of post-ﬁre grazing
in maintaining or reducing A. cristatum stands warrants future
consideration. The difference in A. cristatum response to post-ﬁre
grazing between ecological sites was likely driven by its abundance
on sandy sites and limited occurrence on loamy sites.
The observed reduction in H. comata closely mimics the
response observed by Vermeire et al. (2014) following summer
ﬁre with 50% post ﬁre utilization. This correspondence of results
suggests that H. comata may be more sensitive to post-ﬁre grazing
than the other dominant mixed-prairie grasses. Russell et al. (2015)
found that spring burns reduced the bud bank of H. comata the
second growing season following spring ﬁre. Additionally, H.
comata has been reported to decrease under grazing pressure
(Dormaar et al., 1994), suggesting that the reduction seen here may
be a compound effect of ﬁre and grazing. The results of this study
and others imply that, while northern mixed-grass prairie may be
generally resilient to ﬁre and post-ﬁre grazing, northern mixedgrass ranges dominated by H. comata may be less resistant.
We suspect that the observed reductions in H. comata and A.
cristatum may be transient because observed reductions were
based on measurements of the canopy. Neither the basal coverage
of H. comata nor A. cristatum was found to change after one
application of post-ﬁre grazing. As basal cover is more resistant to
change than canopy cover and is not affected by current
defoliation, it may provide a more reliable indication of longer
term vegetative trends (Cosgrove et al., 2001). Thus, the reductions
in canopy cover indicate that these two species are susceptible to
the immediate effect of post-ﬁre grazing while the lack of change
in basal cover indicates that the longer-term position of these
species in the community may be stable. However, repeated
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moderate grazing can result in rangelands dominated by
unselected, unpalatable species (Westoby et al., 1989). If the
reductions in canopy cover of these two species resulted from
selective grazing, decreases in basal cover may result from
prolonged selective overuse. As the results of this study are
indicative only of one year of grazing following ﬁre, it is unclear
what a pattern of successive burning and grazing events might
have on the plant community composition, speciﬁcally with
respect to basal cover.
The results of this study support the hypothesis that grazing the
ﬁrst growing season following ﬁre will not affect the basal
composition of the burned community. Neither litter, bare ground
nor any other basal cover metric with the exception of fecal cover,
differed between grazed or rested sites by the second growing
season following the ﬁre, indicating that grazing did not adversely
affect the recovery of ground cover. The only observed impact, fecal
cover, obviously results from the presence of animals versus the
absence. While Bates et al. (2009) also found that litter had
recovered similarly between grazed and rested post-ﬁre treatments, the results of this study seemingly contrast with those of
Vermeire et al. (2014) which indicated that post-ﬁre grazing
depressed litter mass. However, the estimate of litter obtained
through the point-intercept method indicates the frequency at
which litter was encountered, providing no estimate of the
thickness or density of the litter layer. While results indicate that
litter provides the same amount of cover on grazed or rested sites
within two growing seasons following ﬁre, rested sites may have a
thicker or denser litter layer due to the greater availability of old
standing dead material. Litter in prairies has been observed to be
positively related to the retention of soil moisture, indicating that
depressed litter production via the removal of biomass by grazers
could impact soil quality (Hulbert, 1969). However, Vermeire et al.
(2011) determined that a reduced litter layer following ﬁre did not
cause appreciable reductions in soil moisture.
By the second growing season following ﬁre, ecological site had
a greater impact than grazing treatment on productivity,
community composition on an individual species basis and basal
cover composition than did grazing treatment. Gibson and Hulbert
(1987) indicate that ecological site has a stronger deterministic
effect on community composition than disturbance unless
disturbance is severe or frequent. The results of this study suggest
that ﬁre combined with one post-ﬁre grazing event does not
represent a disturbance severe enough to override the effects of
ecological site. Although the sandy and loamy sites tested at the
Pautre ﬁre had retained their individuality after post-ﬁre grazing,
the responses of the two sites, in most cases, were similar in
direction and magnitude, indicating that grazing can be managed
similarly across these ecological sites following ﬁre.
5. Conclusions
The results of this study indicate that moderate post-ﬁre
grazing rendered few impacts on northern mixed-grass prairie
vegetation and was positive with regard to diversity. Although
post-ﬁre rest from grazing may be desirable in some situations, the
results of this study and growing evidence from other research
(Bates et al., 2009; Vermeire et al., 2014) indicate that rest is not
required to maintain plant productivity or ground cover. The
observed reduction in total standing biomass, resulting from the
loss of old dead vegetation, will minimally reduce desirable forage
in moderately stocked pastures. However, the combustion of old
standing dead herbage represents a temporary reduction in total
forage availability, potentially requiring adjustments in stocking
rate. Grazing after ﬁre shifted canopy composition away from H.
comata and the non-native A. cristatum, indicating that rangelands
dominated by caespitose grasses known to be sensitive to ﬁre or

263

grazing may require more consideration for post-ﬁre grazing
management. Similarity of bare ground and litter between the
grazed and rested treatments suggests that post-ﬁre grazing will
neither reduce subsequent-year soil moisture retention nor
increase erosive potential. While the results of this study represent
one year of grazing rather than annually repeated grazing as might
take place in a livestock production setting, the limited and
generally non-negative impacts of post-ﬁre grazing provided no
support for northern mixed-grass prairie requiring two growing
seasons of rest following ﬁre.
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