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Abstract
1. We contrast the response of arthropod abundance and composition to bison grazing lawns during a drought and non-drought year, with an emphasis on acridid
grasshoppers, an important grassland herbivore.
2. Grazing lawns are grassland areas where regular grazing by mammalian herbivores creates patches of short-statured, high nutrient vegetation. Grazing lawns
are predictable microsites that modify microclimate, plant structure, community
composition, and nutrient availability, with likely repercussions for arthropod
communities.
3. One year of our study occurred during an extreme drought. Drought mimics some
of the effects of mammalian grazers: decreasing above-ground plant biomass
while increasing plant foliar percentage nitrogen.
4. We sampled arthropods and nutrient availability on and nearby (“off”) 10 bison-
grazed grazing lawns in a tallgrass prairie in NE Kansas. Total grasshopper abundance was higher on grazing lawns and the magnitude of this difference increased
in the wetter year of 2019 compared to 2018, when drought led to high grass
foliar nitrogen concentrations on and off grazing lawns. Mixed-feeding grasshopper abundances were consistently higher on grazing lawns while grass-feeder and
forb-feeder abundances were higher on lawns only in 2019, the wetter year. In
contrast, the abundance of other arthropods (e.g., Hemiptera, Hymenoptera, and
Araneae) did not differ on and off lawns, but increased overall in 2019, relative to
the drought of 2018.
5. Understanding these local scale patterns of abundances and community composition improves predictability of arthropod responses to ongoing habitat change.
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1 | I NTRO D U C TI O N

OZMENT et al.

be investigated. Additionally, an analysis of long-term grasshopper
abundances at KPBS revealed that drought can increase grasshop-

Grazing and climate, along with fire, are major drivers shaping

per abundances (Welti et al., 2020). We test the hypothesis that

grassland communities and ecosystems. Large mammalian her-

high nutrient quality of forage—driven by grazing lawns, drought,

bivores can reshape grassland communities by consuming plants

or both—attract higher abundances of arthropods, especially the

and redistributing nutrients. Grazing reduces aboveground plant

herbivorous and highly mobile grasshoppers. We thus contrast two

biomass, leads to morphological differences in plant structure,

drivers of nutritional heterogeneity on grassland arthropods: graz-

restructures plant community composition, increases soil com-

ing lawns, which create high plant nutrient patches in space, and

paction, and alters nutrient availability, all of which may, in turn,

drought, which can increase plant nutrient concentrations in time.

affect arthropod communities (Joern, 2005; van Klink et al., 2013;
van der Plas & Olff, 2014). Some mammals create grazing lawns:
areas regularly grazed by large herbivores creating patches of
short-grass swards which can act as nutrient hotspots (Hempson
et al., 2015; Mayengo et al., 2020; McNaughton, 1984). Grazing

2 | M ATE R I A L S A N D M E TH O DS
2.1 | Site description

lawns are often maintained for years to decades by a positive
feedback loop, in which high-quality forage encourages fur-

Konza Prairie Biological Station (KPBS) is a 3,487-hectare native tall-

ther grazer visits (McNaughton, 1984; Veldhuis et al., 2016), and

grass prairie and Long Term Ecological Research (LTER) site in NE

grazer visits enhance limiting nutrients like nitrogen, potassium,

Kansas, USA. KPBS has high grasshopper species diversity with over

and sodium in grazing lawn plants either through their excretions

40 species recorded and around 20 species sampled with regular-

(Steinauer & Collins, 1995) or altering plant-s oil water balance

ity (Joern, 2018). Bison (Bison bison) were reintroduced to KPBS in

(Veldhuis et al., 2014). The low plant stature, and increased solar

1987, leading to the redevelopment of grazing lawns. Bison currently

insolation, generates unique, dependable habitat patches (van

occupies a 949-ha area of KPBS and the herd is maintained at 260

Klink et al., 2015) with potential effects on insect community

individuals fluctuating with ~90 calves born each spring and a fall

abundance and composition (Purdon et al., 2019).

culling (Raynor et al., 2016). Since 1972, KPBS has had a system of

Periodic drought is another feature of grasslands that can gen-

controlled burns, with watersheds subjected to mostly spring burn-

erate microclimate and nutrient effects similar to grazing lawns.

ing at different historical fire intervals (i.e. burned every 1, 2, 4, and

Drought can concentrate nutrient levels in foliage (e.g. Aaltonen

20 years).

et al., 2017; Augustine et al., 2018) both as a result of changes in com-

KPBS has a temperate continental climate, with an average annual

munity composition favoring plant species with increased nutrient

cumulative precipitation of 835 mm, predominately falling in spring.

use efficiency (Luo et al., 2018) or via lower plant production result-

Local climate data collected at the KPBS meteorological station are

ing in total nutrients concentrated in less biomass (Grant et al., 2014).

archived by the Climate and Hydrology Database project (https://

Watering experiments suggest plant foliar percentage nitrogen

climhy.lternet.edu) with support from NSF Long Term Ecological

increases in drought conditions, and grasshoppers-fed drought-

Research (LTER) and the USDA Forest Service. KPBS experienced

stressed plants grow faster and larger (Franzke & Reinhold, 2011).

a severe drought during the growing season months (March–July)

Moreover, in the Plant Stress Hypothesis (PSH, White, 1969), herbi-

of 2018 with only 263 mm of cumulative precipitation. This is only

vore performance is enhanced when stressors like drought increase

55% of the long-term (1983–2019) average of 477 mm of growing

foliar nitrogen due to either altered nutrient transport (Behmer &

season precipitation and the driest KNZ growing season since 1989

Joern, 2012; Joern & Mole, 2005) or changes in secondary metabo-

(212 mm). Comparatively, KPBS had 544 mm (114% of long-term

lite content of plant species or plant parts (Cornelissen et al., 2008;

average), 405 mm (85% of long-term average), and 647 mm (136%

Gutbrodt et al., 2011; Huberty & Denno, 2004).

of long-term average) of precipitation during the growing seasons

Both drought and grazing lawns are thus likely to shape the abun-

of 2016, 2017, and 2019, respectively. Monthly cumulative precip-

dance and composition of short-horned grasshoppers (Acrididae), a

itation and mean monthly temperatures from January 2017 to July

dominant grassland herbivore that can consume aboveground plant

2019 (month of final arthropod sampling) are shown in Fig. S1.

biomass in amounts comparable to cattle at USDA stocking rates
(Onsager, 2000). Here, we use a 2-year study to exploit two “natural experiments”—bison grazing lawns and an extreme drought year

2.2 | Grazing lawns

followed by year of average rainfall—to address how drought interacts with large mammalian grazing to determine local grasshopper

Grazing lawns were identified visually in the springs of 2016–

abundances at this same protected tallgrass prairie in northeastern

2018, totaling 13 grazing lawns from across the KPBS bison area

Kansas. Previous work in this system has shown that grasshopper di-

(Shaffer, 2019). Grazing lawns are highly distinct from surrounding

versity and abundance increases in areas grazed by bison compared

grassland, especially in spring, and at KPBS tend to occur either

to ungrazed sites (Joern, 2005; Welti, Qiu, et al., 2019), but the local

on hilltops or hillsides (Fig. S2). In 2018, we selected the 10 most

effects of grazing lawns on the grasshopper community have yet to

active grazing lawns for arthropod sampling, with lawns occurring

|
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in watersheds subjected to fire return intervals of every 2, 4, and

analyzed for total percentage nitrogen by combustion analysis. Soil

20 years (Table S1).

samples were analyzed for concentrations of phosphorous using the
Mehlich 3 extractant, sodium determined by the ammonium acetate

2.3 | Arthropod sampling

method, and ammonium and nitrate using KCl extraction performed
on a Rapid Flow Analyzer (Model RFA-300). Plant and soil chemical
analysis was conducted at the Kansas State University Soil Testing

Grasshoppers and other arthropods were collected on each grazing

Lab (https://www.agronomy.k-state.edu/services/soiltesting/).

lawn (“on lawn” sites), and a paired location that was selected haphazardly, ~100 m from the grazing lawn, but importantly, still within
the bison area (“off lawn” sites). Arthropod samples, consisting of 40

2.5 | Arthropod abundance analysis

sweeps of a 38 cm diameter sweepnet, were collected twice on each
grazing lawn and twice on each paired off grazing lawn area. Sampling

For all arthropod abundance analyses, the two subsamples col-

was conducted on warm, still, and sunny afternoons in early July of

lected at each location (either on or off each grazing lawn) each year

2018 and 2019. Once collected, samples were placed in a cooler in

were summed to total abundance sampled/location/year to reduce

the field, then freeze-killed in the lab. Whereas in early spring, graz-

pseudoreplication and log-transformed to reduce heteroscedas-

ing lawn vegetation was heavily grazed and too short-statured to

ticity. In order to examine the effects of grazing lawn and year on

efficiently use sweepnet sampling; by July, bison had more wide-

grasshopper abundance, we ran linear mixed models with predictor

spread grazing preferences and grazing lawns had sufficient vegeta-

variables including the fixed effects of grazing lawn treatment (on

tion to conduct sweepnet sampling. While sweepnets characterize

or off lawn), year, and an interaction of these terms. Initial analyses

relative abundance rather than true density (Joern, 2004), our con-

found no significant effects of the fire return interval (total grass-

sistent sampling methods allow us to compare grasshopper abun-

hoppers: F1,34 = 0.3, p = .59) or years since last burn (total grasshop-

dances on paired on lawn and off lawn sites and between years. We

pers: F1,34 = 1.2, p = .28), and thus these terms were not included

identified grasshoppers to species. Non-grasshopper arthropods

in the final models. This result is consistent with previous work on

were categorized into eight taxonomic/functional groups consist-

KPBS grasshopper which has shown fire frequency has strong ef-

ing of herbivorous Hemiptera, predatory Hemiptera, pollinators,

fects on grasshoppers in the absence of grazing, but only weak ef-

Tettigoniidae, Formicidae, parasitoid Hymenoptera, Araneae, and all

fects in bison-grazed grassland (Welti, Qiu, et al., 2019). We did not

other arthropods.

include transect in our model as abundances were summed within
each location/year with location being our replicate level. Grazing

2.4 | Soil and plant samples

lawn pair identity was included as a random effect to account for
both our paired design and sampling the same lawns across time
(Zuur et al., 2009). The grasshopper species abundance matrix was

Plant and soil chemistry on KPBS grazing lawns and paired off lawn

log + 1 transformed prior to analysis. Mixed model responses in-

locations were collected for a previous unpublished study and are

cluded abundances of total grasshoppers, within feeding guilds

analyzed here to evaluate grazing lawn effects on nutrient availabil-

(forb-feeder, grass-feeder, and mixed-feeder, following Jonas &

ity. These data are used with two caveats: (a) Plant and soil data were

Joern, 2007) and within subfamilies (Gomphocerinae, Melanoplinae,

not collected simultaneously with arthropod sampling. Soils were

and Oedipodinae). To visualize mixed model results, we plotted sam-

collected for nutrient analysis in 2017, and plants were collected for

pled abundance on each grazing lawn for each year over the sampled

biomass and percentage nitrogen in 2016–2018. (b) Grazing lawns

abundance of the paired location off lawn.

sampled for plants varied each year (2016 lawns: 1, 2, 3, 4, and 5;

We additionally examined responses of abundances of total

2017 lawns: 5, 6, 7, 8, 9; 2018 lawns: 1, 6, 10, 11, 12; see Table S1).

non-grasshopper arthropods and the more abundant (>100 sampled

Grazing lawns were selected each year based on those that were

individuals) sorted taxa of herbivorous Hemiptera, Tettigoniidae,

most heavily used by bison in the spring. Thus, plant and soil data

Formicidae, parasitoid Hymenoptera, and Araneae using mixed mod-

cannot be directly compared with arthropod sampling. However,

els with the same predictor variables used to examine grasshopper

these data provide valuable background information on the effects

abundance responses.

of grazing lawns on soils and plants.
Soil samples were collected using a T-shape corer with a depth
of 30 cm from five grazing lawns (lawns 5, 6, 7, 8, and 9) in late June

2.6 | Grasshopper composition analysis

and early July. For each grazing lawn, five subsamples of soil were
collected, each with a dry weight ranging from 22 to 67 g. Grass was
2

We used a partial Redundancy Analysis (RDA) to examine responses

clipped from six 0.9 m quadrats on five grazing lawns and corre-

of grasshopper community composition. Our full a priori model in-

sponding paired off lawn locations from 2016 to 2018. Plant samples

cluded the fixed predictor variables of grazing lawns (on or off), year,

were dried at 60°C for a minimum of 48 hr, and grasses and forbs

the historical burn frequency, and the number of years since the last

were then each weighed to obtain dry mass. Grass samples were

time the watershed was burned. The RDA is considered partial as it is
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conditional on grazing lawn pair identity to account for the paired sam-

lawn and year (Figure 1a; Table 1A) and were higher in the drought

pling design and repeated sampling of the same locations over time.

year of 2018 while grazing lawns increased abundances more in the

We conducted forward stepwise selection to identify which fixed pre-

wetter year (2019 effect size = 1.9 versus 0.4 in 2018).

dictor variables significantly affected grasshopper community compo-

Within grasshopper feeding guilds, grassfeeding and forbfeed-

sition. RDA is a standard ordination technique in community ecology

ing grasshopper abundance were higher on grazing lawns only in the

for testing the effects of habitat characteristics on community species

wetter year of 2019, whereas mixed-feeding grasshopper abundance

composition (Legendre & Anderson, 1999). RDA analysis was con-

was higher on grazing lawns in both drought and normal drought

ducted using the R package vegan (Oksanen et al., 2018).

(Table S3; Fig. S3). Within the subfamilies, Gomphocerinae had a
higher abundance on grazing lawns in 2019, Melanoplinae did not

2.7 | Soil and plant analysis

respond to grazing lawns but were more abundant in 2018 sampling,
and Oedipodinae, while less abundant than the other subfamilies,
were consistently higher on grazing lawns (Table S3; Fig. S3).

To test for differences in soil chemistry on and off grazing lawns in
2017, we ran linear mixed models with a fixed effect of grazing lawn
treatment (on or off lawn) and a random effect of grazing lawn pair

3.2 | Abundance of other arthropods

identity. To test for differences in plant biomass and grass percentage nitrogen due to grazing lawns or climate conditions over years,

We sampled 6,577 non-grasshopper arthropods over the two years

we ran mixed models including fixed effects of grazing lawn treat-

of this study. Total non-grasshopper arthropod abundance did not

ment (on or off lawn) and year as a random effect of grazing lawn

differ between grazing lawns and their paired controls, but increased

pair identity. To examine the relationship between grass biomass and

overall in 2019 relative to the 2018 drought (Figure 1b; Table 1B).

grass percentage nitrogen, we ran a mixed model, using on/off graz-

The same was true for common taxonomic groups of herbivorous

ing lawn site ID as the random variable. All mixed models were run

Hemiptera, Tettigoniidae, Formicidae, and Araneae. Parasitoid

using the R package lme4 (Bates et al., 2015).

Hymenoptera were more abundant in 2019 (Table S4).

All analyses were run in R version 3.6.1 (R Core Team, 2020).

3 | R E S U LT S
3.1 | Grasshopper abundance

3.3 | Grasshopper composition
Grasshopper community composition differed on and off grazing
lawns and between years (Figure 2; Table S5). Neither the historical burn frequency nor the number of years since the last burn af-

We sampled 1,404 total grasshoppers from 21 species across all

fected grasshopper community composition and thus were removed

locations in both the drought year of 2018 and 2019 (Table S2).

from the partial RDA following stepwise selection. The final partial

Grasshopper abundances varied as an interaction between grazing

RDA model of grasshopper community composition, conditional on

F I G U R E 1 Grasshoppers were abundant everywhere in the dry year (2018); however, in the wetter year (2019), grasshoppers were
only abundant on grazing lawns (a). Other arthropods did not response to grazing lawns but increased in the wetter year of 2019 (b). Each
point represents a paired comparison of the average abundance per sample collected on a grazing lawn and within a sampling year over the
average abundance per sample collected on the corresponding paired off lawn site. Model statistics for abundance responses to grazing
lawn and year are provided in Table 1

|
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grazing lawn pair identity and including the fixed predictors of year
and presence of grazing lawn accounted for variation in grasshopper
community composition (F(2,28) = 2.74, Variance = 2.64, p = .001; F

5417

3.4 | Toward mechanism: Verifying the
effect of grazing lawns and drought on soil and
plant nutrients

distribution based on 999 permutations).
Grazing lawn soils from 2017 had higher concentrations of phosphoTA B L E 1 Mixed model results for effects of grazing lawn (lawn)
and year on total grasshopper abundance (A), and abundance of all
other sampled arthropods (B), with n = 40 for both models
Estimate

rous, sodium, ammonium, and nitrate compared to soils off grazing lawns
(Figure 3). Grazing lawns consistently showed decreased total plant biomass, grass biomass, and forb biomass compared to controls over the
three years, with levels varying across years (Figure 4b–d and Table S6B–

SE

t

p

20.9

<.001

to elevate grass percentage nitrogen uniformly, raising off plot levels to

1.08

.28

those on grazing lawns in 2016–2017, with grass percentage nitrogen on

D). Grazing lawn grasses consistently had higher percentage nitrogen

(A) Grasshopper abundance

(Figure 4a and Table S6A). In contrast, the effect of the 2018 drought was

Intercept

1.5

0.07

lawn

0.1

0.09

year

0.42

0.09

4.64

<.001

grazing lawns still ca. 50% higher (Figure 4a and Table S6A). Combined,

lawn * year

0.45

0.13

3.51

<.001

the decrease in grass percentage nitrogen with increasing grass biomass

<.001

p < .001) suggests that increasing biomass diluted grass foliar nitrogen

(B) Other arthropod abundance
Intercept

1.98

0.07

lawn

0.05

0.1

0.47

.64

year

−0.25

0.1

−2.48

.01

0.14

0.42

.68

lawn * year

0.06

28.17

Note: Table includes estimate, estimate standard error, t-test statistic,
and p-value for each fixed variable and the intercept. Positive estimates
for lawn indicate higher abundances on versus off grazing lawns.
Positive estimates for year indicate higher abundances in 2018 (the
drought year) compared to 2019. Abundance responses are visualized
in Figure 1.

F I G U R E 2 Biplot of the final partial
Redundancy Analysis (RDA) model
showing the response of grasshopper
community composition to grazing lawns
and year. Both the first (F(1,28) = 3.72,
Variance = 1.79, p = .001) and second
(F(1,28) = 1.76, Variance = 0.85, p = .039)
RDA axes were significant; F distributions
are based on 999 permutations.
Corresponding ANOVA results for the
partial RDA are included in Table S5

over lawns and years (Figure 5; marginal R2 = 0.19, conditional R2 = 0.65,
concentrations.

4 | D I S CU S S I O N
Biotic and abiotic drivers frequently interact to shape community
abundance. Here, we show how bison-grazing lawns in normal precipitation years attract grasshoppers, locally increasing grasshopper abundances. We show this attraction is diminished in a drought

5418

|

OZMENT et al.

F I G U R E 3 Soil chemistry from
five KPBS grazing lawns from 2017
revealed grazing lawns had higher
soil concentrations of phosphorus (a;
Est. = 4.54, SE = 0.81, t = 5.59, p < .001),
sodium (b; Est. = 52.56, SE = 10.83,
t = 4.85, p < .001), ammonium (c;
Est. = 6.65, SE = 2.08, t = 3.19, p = .001),
and nitrate (d; Est. = 3.7, SE = 0.79,
t = 4.72, p < .001) compared to nearby
areas within the bison area but not on
grazing lawns

year when foliar percentage nitrogen is uniformly higher. Combined,

abundance (Welti, Qiu, et al., 2019). Combined, all these suggest

these observations, replicated across 10 bison lawns, suggest nu-

that the +0.4 to +2.0 SD grasshopper abundance on grazing lawns

trient differences as being the driver of grasshopper patch selec-

represents local habitat selection rather than higher population

tion. At the same time, five other taxa that collectively represent

abundances.

piercing-sucking herbivores (herbivorous Hemiptera), omnivores
(Formicidae, and Tettigonniidae), and predators (Araneae and parasitoid Hymenoptera) did not accumulate on bison lawns. In an era of
human-altered biogeochemical cycles, variation in nutrient availabil-

4.1 | The complementary effects of drought and
grazing lawns on grasshopper abundance

ity may disproportionately affect grasshoppers, a dominant grassland herbivore.

The severe regional drought of 2018, by increasing the back-

Bison-grazing lawns altered soil and plant chemistry: soils on

ground level of foliar nutrients, allowed a second test of the role

grazing lawns had elevated levels of inorganic nitrogen, phos-

of nutrient limitation on grasshopper numbers. Grass foliar nitro-

phorus, and sodium and grass foliage had increased nitrogen

gen concentrations off grazing lawns during the drought year had

concentrations relative to nearby locations off grazing lawns.

similar or greater levels to those on grazing lawns in non-drought

We suggest that acridid grasshoppers chose to forage on these

years. This led to (a) overall higher grasshopper abundances in

large, high-quality forage patches for a number of reasons. First,

2018 and (b) a decreased relative attractiveness to the +2% fo-

grasshoppers are able to detect and are sensitive to small changes

liar nitrogen levels generated by grazing lawns in a year where

in host plant chemistry (Behmer, 2009; Behmer & Joern, 2008;

grass foliar nitrogen was already elevated off grazing lawns to ca

Jonas & Joern, 2008). Second, grasshopper populations can be

+1.4%. Such positive, but decelerating effect of nutrients on fit-

limited both by macronutrients such as N, P, and K (Huberty &

ness, is a common feature in animal nutrition (Marschner, 2011;

Denno, 2006; Mattson, 1980) and micronutrients such as Mg and

McDowell, 2003).

Na (Ibanez et al., 2017; Joern et al., 2012; Welti et al., 2019). Third,

Precipitation can have variable effects grasshopper density and

2

composition (Branson, 2008, 2016; Jonas & Joern, 2007; Jonas

(Otte, 1979), much larger than bison-grazing lawns, which are

et al., 2015). We suggest this is due to the higher densities of foliar

generally >50 m2 (Catchpole, 1996). Finally, the grazed water-

macro- and micronutrient concentrations in low production, drier

shed treatments of KPBS already maintain higher grasshopper

prairies (La Pierre & Smith, 2016). As a result, precipitation in drier

individual grasshoppers can have range sizes from ~1 to >200 km

|
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F I G U R E 4 Grasses were analyzed for
percentage nitrogen from five grazing
lawns and five nearby locations in the
bison area each year from 2016 to 2018
(a). Grass percentage nitrogen increased
on grazing lawns and in the dry year of
2018, but was not significantly different
between 2016 and 2017 (Table S6A).
Total plant biomass (b), grass biomass (c),
and forb biomass (d) were all significantly
higher off grazing lawns than on grazing
lawns and varied with sampling year
(Table S6B–D)

grasslands produces more plant tissue per unit of precipitation, as

precipitation, thus have the potential to create “green deserts” in

plants are less likely to be nutrient-limited (Belovsky & Slade, 1995;

mixed and tallgrass prairie. Supporting this conclusion, we show a

Fielding & Brusven, 1990). In a wetter tallgrass prairie, foliar nutri-

negative relationship between grassland biomass and percent nitro-

ent concentrations are lower and increases in precipitation are more

gen in grazing lawn patches over 3 years.

likely to lower nutrient density to levels limiting to grassland herbivores. Our results for grasshoppers are congruous with the original
Plant Stress Hypothesis (White, 1969), stating that drought-induced
increases in foliar nutrient availability benefit herbivorous insects.

4.2 | Grasshopper feeding guilds vary in responses
to grazing lawns

This is also consistent with a study of 1,910 years of historical records from China, where locust outbreaks were linked to periods of

The forage preference of both the insect and large grazers determines

drought (and thus, presumably, higher nutrients, Tian et al., 2011).

their interaction (Mayengo et al., 2020; van der Plas & Olff, 2014;

In other studies finding precipitation decreases grasshopper den-

van Klink et al., 2015). At KPBS bison prefer grasses, reducing the

sities, decreasing plant quality is the primary cited mechanism

otherwise dominant C4 grasses and increasing forb biomass (Collins

(Branson, 2008; Capinera & Horton, 1989; Gage & Mukerji, 1977).

& Calabrese, 2012) and the abundance and species richness of forb-

Finally, one proposed mechanism of the formation and maintenance

feeding grasshoppers (Welti, Qiu, et al., 2019). We found that grass-

of grazing lawns is that herbivores induce dry conditions in grazing

hopper community composition varied with both grazing lawns and

lawns patches through soil compaction and defoliation (Veldhuis

between the drought and non-drought year. Mixed-feeding (more

et al., 2014), suggesting plant and grasshopper communities may re-

generalist) grasshoppers accumulated on grazing lawns in both years.

spond similarly to grazing lawns and drought.

Both forbfeeding and grassfeeding grasshoppers showed preference

While both plant and herbivore responses to drought vary

for grazing lawns only in 2019, the non-drought year, and their shift

with ecological community, drought severity, and timing (Harrison

in abundances drove the grazing lawn-year interaction. While grass

et al., 2015; He & Dijkstra, 2014; Huberty & Denno, 2004; Lenhart

biomass on grazing lawns is low due to high bison consumption, some

et al., 2015; Rosenblatt, 2018), precipitation induced plant growth—

grassfeeding species—especially Syrbula admirabilis (Uhler 1864),

and with it increased structural carbohydrates— can dilute nitrogen

Mermiria picta (F. Walker, 1870), and Orphulella speciosa (Scudder,

in plant tissue (Loladze, 2014; Welti, Roeder, et al., 2020). Drivers

S.H., 1862)—had a strong preference for the high nutrient grazing

that increase aboveground plant biomass, including increases in

lawn patches in the non-drought year. We hypothesize that the larger

5420
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on grazing lawns, and/or variable preferences of different Hemiptera
taxa which were not identified to lower taxonomic levels. The phloem-
feeding strategy of Hemiptera, in contrast to the tissue-chewing
grasshoppers, may cause differences in which nutrients are available
to these taxa, with Hemiptera not having the same access as grasshoppers to the leaf tissue elemental nutrients quantified in this study
(Welti et al., 2020). Hemiptera are less mobile than grasshoppers.
Additionally, Hemiptera are known to host symbiotic microorganisms, which can provide them with essential amino acids, reducing
their need to locate host plants with essential nutrients (Hansen &
Moran, 2011). The only non-grasshopper taxa to vary in abundance
with year was the parasitoid Hymenoptera, which had higher abundances in 2019. This response may be due to higher growing season
precipitation resulting in more plant aboveground biomass, and thus
more habitat volume and our nectar for parasitoids (Post et al., 2000;
Welti, Kuczynski, et al., 2020). Generally, non-grasshopper taxa were
only categorized to broad functional-taxonomic groups and may vary
compositionally in response to grazing lawns and drought at finer taxonomic levels. Finally, we note that the presence of large mammalian
F I G U R E 5 Grass percentage nitrogen decreased with grass
biomass across all sampled locations and years. Both grass
percentage nitrogen and grass biomass were log-transformed as
this improved model fit. For samples from 2017 to 2018, each point
represents one grazing lawn or off-lawn location with error bars
representing one standard error calculated from the six subsamples
collected per replicate. The grazing lawn or off-lawn location was
not recorded for 2016 grass samples analyzed for percentage
nitrogen; thus for 2016 samples, we averaged all samples from
grazing lawns and off grazing lawns, resulting in only two points
from this year. Point shape denotes sampling year, whereas color
denotes samples collected on versus off grazing lawns

grazers alters the abundance, diversity, and composition of arthropods, both at KPBS (Welti & Joern, 2018), and in other grasslands (e.g.
Farrell et al., 2015; Lind et al., 2017; Zhu et al., 2015). This study does
not include non-grazed grasslands but rather compares grazing lawns
within grazed grasslands.

4.4 | Caveats
There are several limitations of our study, with the most notable
being that no plant data are available for 2019. Thus, we are relying on

number of host plants available to the generalist mixed feeders, al-

both older plant data from years with comparable rainfall (Figure 4)

lowed them to take advantage of higher nutrient concentrations on

and previous work to identify the most likely responses of tallgrass

grazing lawns in both drought and non-drought years. Alternatively, as

prairie foliar nutrient concentrations (Franzke & Reinhold, 2011;

mixed feeders always have more host plant options, they may be less

Grant et al., 2014; Mayengo et al., 2020; McNaughton, 1984; Prather

limited by the availability of high nutrient plants, and their attraction

et al., 2020; Welti, Roeder, et al., 2020). Additionally, arthropod sam-

to grazing lawns may be a response to plant community composition,

pling occurred only in July and does not reflect responses from all

rather than nutrient availability. Taxonomic patterns tended to follow

seasons and species not present during sampling. Grazing lawns and

feeding guild responses, with the subfamily Gomphocerinae (predomi-

drought can effect grasshoppers in many other ways beyond alter-

nantly grass-feeders) responding to the interaction between grazing

ing plant nutrients. We cannot rule out that grazing lawns may affect

lawns and Melanoplinae (mixed and forb-feeders) having the strongest

grasshopper abundances through altering soil moisture, microcli-

response to year, as did forb-feeders. The Oedipodinae comprise all

mate (Prather & Kaspari, 2019), plant diversity (Prather et al., 2020;

feeding guilds and were less well sampled; their preference of grazing

Welti, Qiu, et al., 2019), and active periods or habitat suitability for

lawns may also reflect their preference for bareground.

natural enemies (Laws & Joern, 2013). Heavy spring precipitation
can reduce grasshopper abundances by promoting fungal patho-

4.3 | Other taxa did not respond to grazing lawns
but increased in the wetter year

gens (Arthurs et al., 2001). However, these alternative hypotheses
do not explain the interaction between grazing lawns and precipitation, which points toward plant nutrient concentrations as the primary driver of grasshopper abundances. As a caveat of this natural

In contrast to grasshopper responses, no other collected taxonomic

experiment, grazing lawn locations were selected by bison and not

group displayed changes in abundance with respect to grazing lawns.

randomly distributed across the landscape. Thus, while large grazers

This is particularly notable for the other group of herbivores, the

undoubtedly alter soil properties and plant communities, it is also

herbivorous Hemiptera. This discrepancy may arise from variation

possible that underlying initial differences led to grazer selection for

we did not account for, such as different plant species composition

grazing lawn locations.
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4.5 | Implications and conclusion
Understanding the role of grazing and precipitation on grassland
arthropods is key to making a range of policy decisions ranging
from biological conservation to agricultural pest management. For
example, low intensity or rotational grazing can increase arthropod diversity (van Klink et al., 2015). Diverse grasshopper assemblages, in turn, are less destructive to agricultural crops (Branson
et al., 2006). Moreover, climate models (USGCRP, 2018) predict a
shift in Great Plains precipitation—from spring to late summer/early
fall region—likely reducing plant growth, enhancing plant nutrient
density, and enhancing the abundance of KPBS grasshopper populations. These interacting effects of grazing lawns and drought in
shaping the nutritional carrying capacity of grasslands in time and
space demonstrate the importance of incorporating both abiotic
and biotic factors in predicting abundance and species composition.
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