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ORIGINAL ARTICLE

Above-ground vs. below-ground interactive effects of mammalian herbivory on tallgrass prairie

plant and soil characteristics

Randall W. Myster*

Department of Biology, Oklahoma State University, Oklahoma City, OK 73107, USA

(Received 11 October 2010; final version received 15 November 2010)

To better understand how mammalian herbivory affects tallgrass prairie, I set up field exclosures to test effects of

above-ground herbivory (AGH) (Bison bison L. is a potential above-ground herbivore), below-ground herbivory
(BGH) (Geomys bursarius and Spermophilus tridecemlineatus are potential below-ground herbivores), and the
interaction of the exclusion of both, on tallgrass prairie plant species, plant community parameters, and soil

parameters in the Flint Hills of Northeastern Kansas. I found that (1) AGH reduced the cover of some forbs but
increased the cover of others while both AGH and BGH decreased the cover of dominant C4 grasses, (2) no
treatments significantly affected species richness but ABH reduced total cover and maximum height of the

vegetation while BGH reduced species evenness and maximum height, and (3) no treatments affected soil pH or
soil nitrogen but BGH reduced soil organic matter, soil phosphorus, and soil potassium. Whereas above-ground
mammalian herbivory has significant effects on individual plant populations and plant community structure, it is
BGH that mainly affects soil parameters. Results suggest that for prairie patches where both kinds of herbivory

are present, these effects may be additive leading to cumulative effects on tallgrass prairie plants both directly,
through herbivory, and indirectly, through soil changes.
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Introduction

Tallgrass prairies are found throughout the world
and are one of the major terrestrial ecosystems of the
mid-continental United States (US) where they lie in

a broad tract bordering deciduous forest on the east
and shortgrass prairies on the west (Risser et al. 1981;
Knapp et al. 1998). The US tallgrass prairie has been
intensely studied for decades (Collins and Adams
1983; Glenn and Collins 1993, Myster 2006; Haught
and Myster 2008; Weatherford and Myster in press)

and serves as flagship long-term ecological research
(LTER) sites of the National Science Foundation
(Konza Prairie: Knapp et al. 1998). Much of that
research has focused on the patch dynamics and
composition of the vegetation, especially the domi-
nant grasses (Collins and Adams 1983; Polley and

Collins 1984; Collins and Uno 1985; Glenn and
Collins 1993; Howe and Brown 1999; Silletti et al.
2004).

Mammalian herbivory has long been known as a
major mechanism producing these patch dynamics,
especially above-ground herbivory (AGH) by large
mammals such as the bison (Bison bison L: Walter
1973; Knapp et al. 1998, 1999; Hickman and Hartnett
2002; Bakker et al. 2006). Bison came to dominate the

tallgrass prairie in the early-Holocene (Knapp et al.
1999). Later as Native Americans moved in, they
viewed the Bison as a gift from the Creator which
could be hunted (within limits) only in the larger

context of the coexistence of all living things, neces-

sary for the continuation of all (Cornell 1990). White

men, however, saw the Bison as a resource to be

exploited. The resulting near-extinction of the Bison

was accompanied by the cultivation of the plains as

humans fragmented (then as now) the once boundless

prairie.
Above-ground grazing has a long evolutionary

history in grasslands and, consequently, multiple

effects on ecosystems (Milchunas et al. 1988) such

as reducing (1) invasion by exotic species, (2) plant

root/shoot ratios, (3) root growth, (4) succession rate,

and (5) vegetation cover (Milchunas et al. 1998;

Johnson and Matchett 2001), but increasing (1) plant

richness by reducing the abundance of dominant

grasses (Polley and Collins 1984, Knapp et al. 1999),

(2) the availability of plant resources (especially

Nitrogen (N): Fahnestock and Knapp 1994), and

(3) above-ground net primary productivity (ANPP)

for some species (Milchunas et al. 1998) at some

herbivory levels (Dyer et al. 1993), and modifying

competitive interactions among plants due to N

deposition (Polley and Collins 1984).
The majority of herbivory in US grasslands occurs

below the soil surface, however (Ingham and Detling

1986), where it merits further attention. This not only

includes herbivory by arthropods and nematodes

(Seastedt et al. 1988), but also by mammals (e.g.,

the pocket gopher Geomys bursarius, the 13-lined
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ground squirrel Spermophilus tridecemlineatus
(Thorne and Andersen 1990; McMillian et al. 1997))
who live in the soil-eating plants, turn the soil over
(up to 30% of a prairie ground surface can be turned
over every year: Kyle et al. 2008), and, consequently,
change prairie plant recruitment, composition (Forbis
et al. 2004), biomass, and species richness (Rogers
et al. 2001). Soil turnover by itself has been demon-
strated to enhance invasive plant establishment
(D’Antonio et al. 1999) and productivity (Collins &
Steinauer 1998). Indeed, rodent mound patches
typically have a different plant composition (more
forbs and annuals, less perennial grasses) than the
surrounding prairie (Martinsen et al. 1990) due to
different environmental conditions including expo-
sure of deeper soil layers. Together these two types of
herbivory may have synergistic, interactive effects, for
example, when small mammals increase in patches
that do not have grazing and then cause large
community effects due to their dietary selectivity
(Grant et al. 1982, Milchunas et al. 1998).

Because the combined and interactive effects of
above-ground and below-ground herbivory by mam-
mals needs to be further investigated in tallgrass
prairie (see Gibson et al. 1990), field exclosures were
setup in a tallgrass prairie in Kansas to address these
specific questions: (1) How are individual prairie plant
species affected by above-ground mammalian herbiv-
ory, by below-ground mammalian herbivory, and
by both acting together? (2) How are the plant
community parameters of total cover, species rich-
ness, species evenness, and above-ground biomass
affected by these treatments? (3) How is soil
carbon and nutrient availability affected by these
treatments? and (4) What do these plant and soil
responses imply about how mammals, both above-
ground and below-ground, structure tall grass prairie
and influence its patch dynamics?

Materials and methods

The study site was the Konza Prairie Biological
Station (39o08’N, 96o62’W), a LTER site funded by
the National Science Foundation (Knapp et al.
1998). Konza is a 3487 ha native tallgrass prairie
preserve located in southeastern Kansas (Kula et al.
2005) dominated by C4, warm-season grasses such as
Andropogen gerardii (big bluestem), Schizachyrium
scoparius (little bluestem), Panicum virgatum (switch-
grass), and Sorghastrum nutans (indiangrass). Konza
receives 835 mm of precipitation per year with a
resulting ANPP in an approximate range of 400�600
g/m2 depending on elevation, season, and year (see
Chapter 12 in Knapp et al. 1998). This experiment
took place on an upland area (watershed N4C, grid
coordinate F23: Figure 1) with Florence soil com-
posed of shallow, rocky, cherty, silty, clay loam
(Fahnestock and Knapp 1994). The experimental
area is also burned every four years in the spring

and during the experiment was grazed by bison
(Bison bison L) year-round.

In July 2003, I experimentally separated the
effects of above-ground and below-ground herbi-
vores on tallgrass prairie by setting out these
treatments in the study area: (1) a 3.1�3.1 m control
plot without treatment, (2) a 3.1�3.1 m plot
enclosed by cattle pens held in place by iron fence
posts to exclude above-ground mammals, (3) a 3.1�
3.1 m plot enclosed by metal trenching of 40 cm
below-ground and 15 cm above-ground to exclude
below-ground mammals, and (4) a 3.1� 3.1 m plot
having a combination of the previous two treatments
to exclude both above-ground and below-ground
mammals.

In November 2008, I harvested the experiment by
first dividing each 3.1� 3.1 m area into nine 0.9�0.9
m replicate subplots (Collins 1987) in the center of
each 3.1� 3.1 m plot leaving a 20 cm buffer zone
between the subplots and the border of the large
plots. Five subplots were then chosen randomly
among each group of nine subplots for sampling.
Within each five subplots, I identified and scored
percent cover of all plants (nomenclature followed
Hitchcock 1971; Towne 2002), and also measured the
maximum height of the vegetation as a correlate of
the above-ground biomass. In addition, three of the
five sampled subplots were randomly selected and a
soil sample was taken in each using a 12 cm diameter
metal ring to a depth of 10 cm. Soil samples were
taken to the Oklahoma State University soil labora-
tory located next to the campus of Oklahoma State
University in Oklahoma City and analyzed for
percent organic matter content, and for the plant
nutrients extractable phosphorus (P),% total nitrogen
(N), and extractable potassium (K). Finally,% total
carbon (C) was computed from organic matter
dividing by 1.724 (Ray Ridlen, pers. comm.) and
C/N ratio was computed by dividing% total carbon
by% total N.

A two-way analysis of variance (ANOVA: SAS
1985) was used to statistically analyze the data with
exclusion of above-ground mammals as one main
effect, exclusion of below-ground mammals as the
other main effect, and interaction between these two
main effects were also investigated. The response
variables of the ANOVA for the plant data were (1)
total cover, (2) species richness, (3) species evenness
(using Pielou’s J index: Ludwig and Reynolds 1988),
and (4) maximum height, and for the soil data (1) pH,
(2) P, (3) K, (4)% total N, (5)% total C, and (6) C/N
ratio. If ANOVA results were significant, means
testing was performed using the Ryan-Elinot-
Gabriel-Welsch multiple range test (SAS 1985).

Results

The control plots were dominated by Andropogon
gerardii, Aster ericoides, Schizachyrium scoparium
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and Sorghastrum nutans, the plots without AGH were

dominated by Andropogon gerardii, Aster ericoides,

Schizachyrium scoparium, and Rosa multiflora, the

plots without BGH were dominated by Andropogon

gerardii, Panicum virgatum, and Schizachyrium sco-

parium, and the plots without either AGH or BGH

were dominated by Andropogon gerardii, Panicum

virgatum, Schizachyrium scoparium, and Solidago

canadensis (Table 1). The dominant C4 grasses

Andropogon gerardii and Schizachyrium scoparium

were found in all treatments but dominant C4 grass

Panicum virgatum was not found in the control plots

and the interaction plots, and dominant C4 grass

Sorghastrum nutans was found only in the control

plots. The dominant herb Aster ericoides was not

found in both plots without BGH and the woody

plant Rosa multiflora was only found in plots with

ABH (Table 1).

Maximum height was greatest in the plots with-

out any herbivory, but those plots also had the

smallest evenness (Table 1). Total percent cover was

significantly different between plots that did or did

not have AGH (Table 2), where plots without AGH

showed close to twice as much cover (Figure 2a).

Evenness was significant for plots that differed by

having or not having BGH (Table 2), where having

BGH leads to a more even distribution of species

(Figure 2b). Evenness also showed a significant

interaction (Table 2) where plots without ABH

were most even (Figure 2c). Maximum height was

significantly different between plots that had AGH

vs. those that did not (Table 2) where not having

AGH tripled the height of the vegetation (Figure 3a).

There was also a significant interaction term

(Table 2) where plots without any herbivory had

the tallest vegetation (Figure 3b).

Figure 1. Konza Prairie Biological Station divided into watersheds. The experiment took place in watershed N4C which was
grazed by native Bison, grazed by cattle between May and October, and burned in the spring every four years.
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For the soils (Table 3), P was also significantly

increased by an exclusion of below-ground herbi-

vores (Table 4; Figure 4a) where the additive effect of

exclusion of above-ground herbivores also leads to a

gain in P (Figure 4b). Finally, exclusion of below-

ground herbivores leads to a significant increase in K

(Figure 5a) and a significant gain in% total carbon

(Figure 5b).

Discussion

Plant responded individualistically (Gleason 1926) to

all treatments where the specific plant species

sampled in the control plots were similar to other

samplings at Konza (Knapp et al. 1998). While

exclusion of above-ground herbivores increased

cover, exclusion of below-ground herbivores only

increased cover when applied with exclusion of the

above-ground herbivores. These exact same treat-

ment patterns were seen for maximum height of the

vegetation. Taken together, these results suggest that

above-ground productivity is reduced by AGH,

unaffected by BGH by itself, but greatly reduced
by both acting together in a synergistic interaction.

So these treatments cannot be looked on as the low-
to-moderate grazing that has been seen to increase

ANPP elsewhere (Risser et al. 1981; Dyer et al. 1993)

and suggest that tallgrass prairie patches that are
subjected to both kinds of herbivory may suffer an

added reduction in production.
There were no significant effects of the treat-

ments on species richness, but ABH did increase the

cover of some forbs while decreased others with a
reduced abundance of C4 grasses (Fahnestock and

Knapp 1994; Hartnett et al. 1996; Knapp et al.

1998). There were no effects due to below-ground
herbivores (Hobbs and Mooney 1995). Evenness was

the only community parameter that showed a
significant effect of BGH (it increased) but both

types of herbivory working together significantly

decreased it. AGH had no effect on evenness (but
see Knapp et al. 1998).

Table 1. Percent cover for all plant species sampled in the subplots (n�4) summed by treatment with these abbreviations:

no above-ground herbivory (AGH), no below-ground herbivory (BGH). Life-forms include grasses (C4, C3), forbs (F), and
woody plants (W).

Treatment

Plant species Life-form Control No AGH No BGH No AGH�no BGH

Ambrosia psilostachya F 8 12 4 12

Amorpha canescens F 4 8 0 19
Andropogon gerardii C4 201 285 163 222
Artemisia ludoviciana F 12 20 0 16

Aster ericoides F 44 63 0 0
Cirsium vulgare F 4 0 8 0
Dichanthelium oligosanthes C3 0 21 8 24
Panicum virgatum C4 0 16 28 34

Poa pratensis C4 2 14 16 20
Prunus Americana W 0 0 0 22
Rosa multiflora W 0 28 0 0

Schizachyrium scoparium C4 29 68 63 84
Solidago candensisi F 8 0 0 41
Solidago missouriensis F 8 0 0 0

Solidago speciosa F 0 0 0 26
Sorghastrum nutans C4 24 0 0 0
Symphoricarpos orbiculatus F 12 0 0 0

Vernonia baldwinii F 8 12 8 12
Total cover as a percentage 364 546 298 532
Total richness 13 11 8 12
Evenness 6.46 8.77 4.88 2.24

Maximum height in m (mean, SE) (0.29, 0.1) (0.96, 0.3) (0.61, 0.3) (1.52, 0.4)

Table 2. Plant community parameters. F statistic summary table for the two-way ANOVA performed with a main effect of
above-ground herbivory exclusion, a main effect of below-ground herbivory exclusion, and the interaction effect.

Total% cover Species richness Species evenness Maximum height

No above-ground herbivory (AGH) 6.29* 0.51 1.22 5.83*

No below-ground herbivory (BGH) 1.55 0.58 4.20* 2.19
AGH�BGH 1.45 1.23 18.22** 11.22**

*0.05BpB0.01; **0.01BpB0.001.
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Levels of % total N and % total C were within the

ranges previously sampled at Konza (Knapp et al.

1998). N was low in all plots and unaffected by

herbivory treatments. All other soil parameters had an

increase when below-ground herbivores were ex-

cluded. For P that effect increased when above-ground

herbivores were also excluded. Together, results show

that AGH affects plant parameters more than BGH,

with the effects reversed for soil parameters. Results

agreed with other prairie studies in showing that

grazing reduced C4 grasses (Penfound 1955; Belsky

1992, Hartnett et al. 1996). However, it may yet be true

that differential herbivory can provide a competitive

advantage to the least damaged, least palatable species

(Clay et al. 1993) where the distribution of most prairie

species is controlled by herbivory not competition

(Fowler 2002).

Figure 2. (A) Mean and standard error of the total percent
cover of subplots by not having above-ground herbivory
(AGH) vs. having AGH. (B) Mean and standard error of
the species evenness of subplots by having BGH vs. not

having BGH, and (C) Mean and standard error of the
species evenness of subplots by AGH�BGH interaction.
Bars having different letters were significantly different.

Figure 3. Mean and standard error of the maximum height
in meters of subplots by (A) having AGH vs. not having
AGH, and (B) AGH�BGH interaction. Bars having

different letters were significantly different.

Table 3. Mean9standard error (n�3) of select soil parameters.

Treatment

Parameter Control No ABH No BGH No ABH�no BGH

PH 6.7590.5 7.5590.2 6.9591.1 6.9090.4

P in ppm 17.0090.8 19.0091.6 21.0091.8 29.0090.0
K in ppm 822.50913.3 975.50910.9 1046.0095.6 1034.0095.2
Total% N 0.219.03 0.259.02 0.279.03 0.249.04

Total% C 4.7591.30 5.0191.01 6.5092.13 6.25 90.97
C/N 22.5909.32 20.4910.03 24.2913.53 26.099.66
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Conclusions

Results suggest how mammalian herbivory can affect

plant and soil patch composition. Consequently as

individual herbivores move and feed, and as their

population numbers change, the patch dynamics of

the tallgrass prairie will also change. Managers have

manipulated numbers of Bison population structure

easily for years and also controlled where they are

allowed to roam and feed. By increasing Bison

densities there should be a decrease in the dominant

C4 grasses and C3 grasses, but an increase in forbs

and woody plants. Managing soil mammals is more

difficult but fencing and selective use of chemicals

may be effective. An increase in those densities should

produce patches that are also lower in C4 grasses and

C3 grasses but at a lower level then when increasing

Bison, with no real changes in forbs and woody

plants. Finally, soil patches are most affected by
BGH where below-ground mammals may produce
patches of reduced C, reduced P, and reduced K.
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