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Simple Summary: Beneficial insect numbers have sharply declined in recent years, and these declines
negatively impact (1) food crops due to reduced pollination services, and (2) wildlife and birds due
to reduced food sources. In part, agricultural intensification and habitat fragmentation have led to
these declines. In the United States, one conservation effort is the Conservation Reserve Program
(CRP), which provides financial assistance for replanting agricultural land to restored habitat to
improve environmental health and quality. Common CRP grassland restorations are CP2 (“native
grass” seed mix) and CP25 (“rare and declining habitat” seed mix). We examined the response of
ground beetles, a group that is important for wildlife, to CRP restoration and management across
three grassland habitats, and 108 sites. We examined two restoration types (CP2, CP25), and the
grazing or absence of grazing by cattle. Our findings indicate that ground beetle communities are not
negatively impacted by moderate levels of cattle grazing. Additionally, we found that cattle grazing
might have positive effects on ground beetle abundance, biomass, and diversity in tallgrass habitats.
The positive impact of cattle grazing may provide an additional incentive for CRP restorations that
would enhance beneficial insect populations.

Abstract: Grasslands in North America have declined by over 70% since industrialization of set-
tlements due to the conversion of natural habitats to cropland and urban centers. In the United
States, the federally supported Conservation Reserve Program (CRP) was created to improve water
quality, reduce soil erosion, and increase native habitats for wildlife. Within these restored grasslands,
ground beetles (Coleoptera: Carabidae) are a keystone invertebrate group that fill several crucial
niches and may serve as bioindicators of successful land management strategies. To understand the
impact of land management on ground beetles, we examined carabid beetle community responses to
a grazing treatment and two plant restoration treatments with low and relatively high initial plant
diversity over two field seasons. We used pitfall traps at 108 CRP sites across a 63.5 cm precipitation
gradient, encompassing three grassland types. Overall, grazing and restoration treatment did not
have detectable effects on carabid abundance, biomass, or diversity. Carabid communities, however,
responded differently to grazing within grassland types—all three community measures increased
in response to grazing in tallgrass sites only. Our short-term study suggests that moderate levels
of cattle grazing do not negatively affect carabid communities and might have positive effects on
abundance, biomass, and diversity in tallgrass regions.
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1. Introduction

Numerous reports demonstrate that insect populations are in severe decline due to
anthropogenic stressors [1–5], illuminating deep concerns in conservation biology. Habitat
loss, fragmentation, and deterioration are recognized as contributing factors for this de-
cline [3]. Habitat restoration can positively influence insect community reassembly [6–8],
and a focus specifically on insect communities can promote essential ecosystem services
such as pollination, pest control, carrion and waste removal, and food resources for other
organisms [9–12]. One key invertebrate group that provides ecosystem services [10], is
heavily impacted by human-imposed stressors [13], and responds positively to habitat
restoration [14,15] is the ground beetles (Coleoptera: Carabidae). Ground beetles fill sev-
eral crucial niches within ecosystems as predators, seed dispersers, and prey for other
organisms [10]. The wide diet breadth of this beetle group is considered beneficial for
reducing pest insects and weedy plant populations, thus allowing native plant communities
to thrive [16–19]. In addition, their role as a food source for other organisms cannot be
overlooked. They play a large role in the diets of most vertebrate groups, including game
birds, such as pheasant, grouse, and quail, as well as non-game wildlife, such as small
mammals, herptiles, and bats [20–25].

Ground beetles are microhabitat specialists, inhabiting alpine meadows, tree canopies,
mossy logs, leaf litter patches in deciduous forests, sandy riparian areas, and sparsely
vegetated grasslands [10]. The habitats required to support ground beetle communities
can be altered by land management regimes that lead to changes in carabid community
composition, making them useful indicators of environmental change [13,26–28]. For exam-
ple, the removal of tree canopies leads to a decline in the abundance of woodland species,
while grassland and woodland edge species increase in abundance [29]. Additionally,
intensive disturbance results in communities with smaller, macropterous species [30], while
increased time between disturbances allows for colonization by larger-bodied, flightless
species [31]. Due to their strict microhabitat associations and responses to change in the
environment, carabid beetle species are useful indicators of environmental disturbance.

In North America, some of the most severely disturbed ecosystems are the Great
Plains grasslands, which have declined over 70% since industrialized settlement [32]. Over
time, development has led to the displacement of native species and ecosystems due to
conversion of natural habitats to cropland and urban centers, as well as the encroachment of
woody plants [32]. One program in the United States that restores these declining habitats
is the Conservation Reserve Program (CRP). Created in 1985, this program financially
compensates landowners to replant their agricultural fields with prescribed seed mixes
toward the goal of preserving water quality, reducing erosion, and increasing wildlife
habitat [33]. Since the program’s inception, over 22 million acres (90,000 km2) of land have
enrolled in one of 42 conservation practices (CP or restoration types) that have been created
to fill various roles in restoring distinct habitats, each with its own unique seed mix and
allowable management practices (e.g., disking, haying, interseeding with forbs).

Differences in initial CRP seed mix composition could result in differences in plant
diversity and structural variability across CRP sites. Heterogeneity in both physical plant
structure and community composition are identified as key components that support more
diverse beetle communities [27,34,35]. However, restored CRP lands lack heterogeneity
compared to native prairies [36–38]. Among these CRP restoration types, differences in seed
mix and management practices could create discrete habitats that favor certain invertebrate
community structures, including those of carabids. Additionally, higher diversity in plant
communities often leads to higher abundance and richness in insect communities [39,40].
Plant diversity on CRP land differs between conservation practice type [41,42], and may
affect the insect community composition (including carabid beetles) even in areas with
similar abiotic environmental factors.

Another factor that strongly influences plant heterogeneity is herbivores. Historically,
the Great Plains were grazed by large herbivores, primarily bison (Bison bison L.) [32].
Although large herds of bison are not common today, domestic cattle (Bos taurus L.) are



Insects 2022, 13, 696 3 of 15

a commercially ubiquitous large grazer that could potentially fulfill a similar role in the
management of grassland systems. When grazed at similar densities, plant communities
between bison and cattle grazed fields are over 80% similar, despite these two ungulates
differing in their physical impacts and foraging behavior [43]. Large herbivores can create
heterogeneity by preferentially consuming dominant grasses and allowing non-dominant
forbs to thrive, in addition to altering plant height through trampling [44,45]. Waste prod-
ucts left behind by these large herbivores increase plant production by adding nutrients
back into the system, creating microhabitat islands, and providing food sources for insects
such as fly larvae that dwell in the dung [10,46]. Though grazing on CRP has been disin-
centivized or entirely restricted [47,48], this natural disturbance is crucial to maintaining
ecosystem functions such as nutrient cycling and habitat creation in grasslands [49]. By
directly impacting insect habitat conditions with dung, and indirectly through changes
in the plant community, the presence of grazers on CRP grasslands is likely to benefit the
co-occurring carabid communities.

In this study, we examined 108 CRP sites representing four different treatment com-
binations across a 63.5 cm (45.7–109.2 cm) annual precipitation gradient, including three
different grassland types (short-, mixed-, and tallgrass) that roughly correspond to our
three study regions. During two growing seasons, we recorded carabid beetle abundance,
diversity, and biomass to assess carabid community response to cattle grazing and restora-
tion type, as well as precipitation. The goals of this study are to assess the response of
carabid communities (abundance, biomass, diversity) to: (1) moderate grazing by cattle,
and (2) differences in restoration type (CP) that can influence plant diversity (low diversity
seed mix (CP2) vs. higher diversity seed mix (CP25)). Understanding these invertebrate
communities and how land management may affect community composition across a broad
precipitation gradient will inform better stewardship of these communities and ultimately
the ecosystem services they provide.

2. Materials and Methods
2.1. Site Selection

As part of a broader three-year study (2017–2019) on various organisms including
birds [50,51], arthropods [50], and plants [52], a randomized list of CRP landowners in
Kansas was obtained from the United States Department of Agriculture (USDA), which
administers the CRP. Eligibility of a site was determined by minimum area requirements for
birds (≥35 acres/14.2 ha [53,54]), distance from the next closest site (≥1 km), and the year
it was enrolled in CRP (2012 or earlier, and with a contract not expiring before September
2019). We examined the effects of two restoration types, CP2 and CP25, on ground beetle
communities in 2017 and 2018. CP2 is a lower diversity initial seed mix that only requires
2 native grasses to be planted, with the goal of establishing permanent native grasslands.
This conservation practice includes incentives for adding forbs in the seeding mix, but
forbs are not required [47]. CP25 is a higher diversity initial seed mix that requires 5 native
grasses and 4 to 10 native forbs or legumes to be included in the seeding mix [55] and
focuses on restoring rare and declining habitats for wildlife [41,42].

We established three study regions across the longitudinal 30-year average (1981–
2010) annual precipitation gradient across Kansas [56]: West (45.7–55.9 cm precipitation),
Central (55.9–76.2 cm precipitation), and East (86.4–109.2 cm precipitation). Study regions
divided the precipitation gradient into areas of short-, mixed-, and tallgrass grassland
that correspond to the west, central, and east regions, respectively (Figure 1). Because the
structure of plant communities is heavily influenced by precipitation [49] and affects insect
populations and distributional ranges [57,58], this regional approach allowed us to make
generalizations about the effect of precipitation and, in turn, the grassland types and beetle
communities that correspond to varying levels of precipitation.
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Figure 1. Map of Kansas with satellite image overlay [59] and the location of 108 CRP sites in this 
study. Background color depicts the precipitation gradient (drier in the west, wetter in the east) and 
changes in vegetation (short grassland in the west, tall grassland in the east). Red symbols represent 
CP2 restored sites (lower seed diversity restoration); yellow symbols represent CP25 restored sites 
(higher seed diversity restoration). Triangles are grazed sites; circles are ungrazed sites. The three 
study regions are represented by the green boxes (West, Central, East). White lines represent the 30-
year average precipitation isoclines [56]. Image by Jackie Baum. 

In order to understand changes in carabid communities based on our treatments in 
different grassland types across the precipitation gradient, we examined the representa-
tive grassland type in each region. The regions followed the USDA seeding zones pre-
scribed for Kansas [60]. Additionally, we followed USDA grassland designations (i.e., 
short-, mixed-, or tallgrass grassland) for each county where a study site was located; our 
western region was primarily short grass, the central region was mixed or sand grass, and 
the eastern region was mainly tall grass [47,48] (Table S1). 

Across all 108 study sites, we balanced the replication of restoration type (18 CP2 and 
18 CP25) and grazing (18 grazed and 18 ungrazed) in each region, though there were mi-
nor discrepancies in this distribution due to changes in landowner management, as well 
as lack of available landowners for a given CP willing to participate in the study (Tables 
S2 and S3). For grazed sites, landowners provided and managed their own cattle at stock-
ing rates determined by the local Natural Resource Conservation Service (NRCS), follow-
ing NRCS 528 Prescribed Grazing guidelines [61]. These rates were tailored to each indi-
vidual field with a goal of removing 50% of the available standing plant biomass within a 
given grazing season. Stocking rates were determined based on cattle type, forage availa-
bility and grazing duration, and therefore were not equivalent across sites, but all targeted 
the same 50% biomass removal goal. Landowners were instructed to allow the cattle to 
graze 120–180 days between April and October 2017 and 2018. The type of cattle (cow/calf, 
steers, etc.) was chosen by the landowner, and any type was permitted if it complied with 
the NRCS grazing recommendation. Because our goal was to evaluate the carabid beetle 
response to restoration treatment (CP2/CP25) and grazing treatment (grazed/ungrazed), 
we did not include native, unrestored sites. 

Figure 1. Map of Kansas with satellite image overlay [59] and the location of 108 CRP sites in this
study. Background color depicts the precipitation gradient (drier in the west, wetter in the east) and
changes in vegetation (short grassland in the west, tall grassland in the east). Red symbols represent
CP2 restored sites (lower seed diversity restoration); yellow symbols represent CP25 restored sites
(higher seed diversity restoration). Triangles are grazed sites; circles are ungrazed sites. The three
study regions are represented by the green boxes (West, Central, East). White lines represent the
30-year average precipitation isoclines [56]. Image by Jackie Baum.

In order to understand changes in carabid communities based on our treatments in
different grassland types across the precipitation gradient, we examined the representative
grassland type in each region. The regions followed the USDA seeding zones prescribed for
Kansas [60]. Additionally, we followed USDA grassland designations (i.e., short-, mixed-,
or tallgrass grassland) for each county where a study site was located; our western region
was primarily short grass, the central region was mixed or sand grass, and the eastern
region was mainly tall grass [47,48] (Table S1).

Across all 108 study sites, we balanced the replication of restoration type (18 CP2
and 18 CP25) and grazing (18 grazed and 18 ungrazed) in each region, though there were
minor discrepancies in this distribution due to changes in landowner management, as
well as lack of available landowners for a given CP willing to participate in the study
(Tables S2 and S3). For grazed sites, landowners provided and managed their own cattle
at stocking rates determined by the local Natural Resource Conservation Service (NRCS),
following NRCS 528 Prescribed Grazing guidelines [61]. These rates were tailored to each
individual field with a goal of removing 50% of the available standing plant biomass
within a given grazing season. Stocking rates were determined based on cattle type, forage
availability and grazing duration, and therefore were not equivalent across sites, but all
targeted the same 50% biomass removal goal. Landowners were instructed to allow the
cattle to graze 120–180 days between April and October 2017 and 2018. The type of cattle
(cow/calf, steers, etc.) was chosen by the landowner, and any type was permitted if it
complied with the NRCS grazing recommendation. Because our goal was to evaluate
the carabid beetle response to restoration treatment (CP2/CP25) and grazing treatment
(grazed/ungrazed), we did not include native, unrestored sites.
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Within each of the 108 CRP sites (Figure 1), a 200 × 300 m experimental plot was
established as close to the center of the field as possible with the longest axis of the site
determining the orientation of the plot (Figure S1). If the property included more than
one CRP tract, the plot was placed within the largest field. Fieldwork was conducted with
permission of private landowners and as permitted by the USDA.

2.2. Insect Sampling

Each experimental plot contained 9 points distributed across three transects, with three
points spaced 100 m along each transect and 75 m between each transect (Figure S1). At
each site, points 2, 4, 6 and 8 each contained one non-baited pitfall trap (Figures S2 and S3),
an effective method to sample ground-dwelling insects [62]. This yielded 432 traps per
year (864 total samples). Capture rate of pitfall traps is proportional to activity density of
ground-dwelling arthropods and provides relative estimates of abundance. Pitfall traps
were made of two 650 mL (22 fl. oz.) semi-transparent plastic cups (diameter: 9 cm, depth:
15 cm), including an outer cup (with holes drilled on the bottom and sides) and an inner
cup (with holes on the sides). The cups were nested within one another (Figure S2), with
the drilled holes (65 mm from the top of the cup) aligned to allow rainwater to drain into
the soil rather than overflow the trap. The inner cup was filled with 180 mL (6 fl. oz.) of
a 50:50 propylene glycol and water solution. The trap was placed in the soil so that the top
of the trap was flush with the surface of the ground. A metal grate (“pitfall guard”) with
diamond-shaped openings (67 × 27 mm), large enough to allow all insects to passively fall
into the trap, was placed over the top of the trap and was secured using four landscape
staples positioned on each corner (Figure S3). This pitfall guard was designed to prevent the
cattle on grazed plots from stepping into traps. Pitfall guards were used on all experimental
plots regardless of the grazing treatment.

Pitfall traps were deployed early in the field season (23 May 2017 to 23 June 2017, and
28 May 2018 to 8 June 2018) and then collected after 3–7 weeks (27 June 2017 to 25 July
2017, and 26 June 2018 to 10 July 2018). To reduce variation in the number of days a trap
was deployed and to prevent specimen degradation, we narrowed trap deployment from
24–47 days in 2017 (34 average trap days) to 28–35 days (31 average trap days) in 2018.
Pitfall traps were retrieved from the field and then processed in the lab.

2.3. Laboratory Methods

All organisms collected in the pitfall traps were examined using a dissecting mi-
croscope (Leica M80 0.8×–1.0× Achromatic lens, Buffalo Grove, IL, USA, http://www.
leica-microsystems.com, accessed on 15 June 2019) and sorted into the following target
taxa: Carabidae, Histeridae, Silphidae, Scarabaeoidea, and other Coleoptera. Orthoptera
were also sorted (2018 only). Non-target specimens such as arachnids, other insect orders,
terrestrial isopods, and decapods were sorted into “by-catch”.

Identifications were made to the genus-level using Ball and Bousquet [63], and species-
level using the following keys: Amara [64], Amblycheila [65], Anisodactylus [64], Brachi-
nus [66], Calathus [67], Calosoma [68], Chlaenius [69], Cicindela [70], Cicindelidia [70], Cyclo-
trachelus (as Evarthus) [71], Dicaelus [72], Dromochorus [70], Euryderus [73], Galerita [74],
Geopinus [64], Harpalus [75], Harpalus (Megapangus) [76], Helluomorphoides [77], Micrixys [63],
Panagaeus [64], Pasimachus [78], Poecilus (as Pterostichus) [64], Pterostichus [64], Scaphino-
tus [79], Scarites [80], Selenophorus [64], and Tetracha [70]. Identifications were facilitated
with comparative collections (University of Kansas, Carnegie Museum of Natural His-
tory, California Academy of Science, and University of California Berkeley) and with the
assistance of Bob Davidson, Dave Kavanaugh, and Kip Will (Carnegie Museum of Nat-
ural History (CMNH), California Academy of Science (CASC), University of California
Berkeley (EMEC), respectively). Higher classification (subfamily, tribe, genus) follows the
classification of Adephaga (Coleoptera) by Bousquet [81].

Carabid specimens occasionally became disarticulated due to water logging. If large
pieces of a beetle (i.e., thorax + abdomen, head + thorax) were present and identifiable
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as Carabidae, but were not able to be identified to species, then these were placed into
a category of “unidentifiable”. This category was included in the activity density (here-
after, referred to as “abundance”) and biomass evaluations (because these measures are
independent of species identity), but were not included in diversity measures.

Following identification, total carabid beetle biomass from each site was dried for
168 h in a Yamato DKN 810 (Tokyo, Japan, https://www.yamato-scientific.com/, accessed
on 15 June 2019), weighed immediately to prevent absorption of ambient humidity using
an Ohaus AR1530 balance (Parsippany, NJ, USA, https://us.ohaus.com/en-us/, accessed
on 15 June 2019), and recorded to the nearest 0.001 g.

Voucher specimens are deposited at the following public institutions: Carnegie Mu-
seum of Natural History (Pittsburg, PA, USA; CMNH), Wichita State University Inverte-
brate Collection (Wichita, KS, USA; WICHI), California Academy of Science (San Francisco,
CA, USA; CASC), and the Snow Entomological Museum Collection at the University of
Kansas (Lawrence, KS, USA; SEMC). This research did not include any endangered or
protected Carabidae species.

2.4. Data Analyses

Carabid species richness (number of species), total abundance (number of individ-
uals of all species), and total biomass (dried weight) were recorded (see Supplemental
Data (original data)). Data from all four traps at each site were pooled before analysis.
Abundance, diversity, and biomass were similar between years; thus, to examine the over-
all effects of restoration type (CP2 or CP25) and grazing treatment (grazed or ungrazed)
on the ground beetle community, we pooled site data from 2017 and 2018. Site East 32
was an extreme outlier with an incredibly high abundance of carabids (548 individuals:
9.3% of the total number collected, 3.3 times as many beetles as the site with the second
highest abundance). There was no clear reason why this site had such a high abundance
of carabids. We conducted statistical analyses with and without this site (Table S4). Our
goal was to represent the average treatment effects across 108 sites as a way of informing
management decisions. One highly atypical site does not accurately reflect that goal, so
the results presented excluded this site. Additionally, we examined carabid responses to
treatments with and without standardizing the data to account for sampling effort. The
length of time each trap was deployed varied between sites and years (see Section 2.2
above); however, the pattern of significance was the same with and without standardiza-
tion (Table S5 and Figure S4). To provide a clear interpretation, results are discussed based
on unadjusted values.

Shannon–Weiner species diversity (H) was calculated for each site and then averaged
for each treatment combination within a region (West, Central, East) using the “vegan”
package [82] in RStudio [83]. Because Shannon–Weiner diversity is a logarithmic measure
and is not easily comparable between studies, we calculated the effective species number
(ESN) for our treatments (eH). This linearized metric is directly comparable between
multiple studies [84].

Carabid data were not normally distributed; neither standard transformations (log,
square root, 4th root) nor alternative distributions (Poisson, Negative Binomial, Gamma)
adequately met statistical assumptions. A generalized linear mixed model (GLMM) ap-
proach using Gamma distribution for trap-day adjusted data was explored but returned
non-convergent models. Consequently, non-parametric statistical analyses were conducted
on beetle abundance, biomass, and diversity. Kruskal–Wallis one-way analysis (package
“stats” 3.5.1) [83] was used to determine differences in overall abundance, diversity, and
biomass of beetles on our treatment combinations separately per study region. Statistical
tests compared levels of a treatment (CP2/CP25, grazed/ungrazed) within each region.
Analyses were conducted using R (Version 3.4.3) [83].

https://www.yamato-scientific.com/
https://us.ohaus.com/en-us/
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3. Results
3.1. Carabid Beetles

A total of 5078 carabid beetles were collected at 108 study sites over two field seasons.
The 4821 individuals collected represented 48 species (Table S6; 257 were pieces and
unidentifiable to species) across all sites (Figure S5). There were no adventive or non-
native species; the invasive and rapidly expanding species, Pterostichus melanarius Illiger,
was not found. The three most abundant species in each region (seven species total)
accounted for 68% of the total number of carabids collected (Table 1 and Figure 2). These
species were Cyclotrachelus sodalis LeConte (1099), Pasimachus punctulatus Haldeman (518),
Tetracha virginica L. (427), Pasimachus elongatus LeConte (424), Harpalus caliginosus (Fabricius)
(366), Cyclotrachelus torvus (LeConte) (355), and Pasimachus californicus (Chaudoir) (299)
(Table 1, Figure 2). Nine species were represented by single individuals: Amara obesa (Say),
Amblycheila cylindriformis (Say), Calosoma externum (Say), Dicaelus furvus Dejean, Galerita
bicolor (Drury), Geopinus incrassatus (Dejean), Micrixys distincta (Haldeman), Pterostichus
femoralis (Kirby), and Selenophorus granarius (Dejean).

Table 1. Most abundant ground beetle species in each region and their abundances. Cyclotrachelus
sodalis (*) was a dominant species found in all regions. Other species are unique to their region.

West No. Central No. East No.

Pasimachus punctulatus 468 Cyclotrachelus sodalis * 308 Cyclotrachelus sodalis * 450
Cyclotrachelus sodalis * 341 Cyclotrachelus torvus 273 Tetracha virginica 377
Pasimachus californicus 202 Pasimachus elongatus 164 Harpalus caliginosus 336
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Figure 2. Rank abundance of all 48 restored grassland carabid beetle species from highest to lowest
abundance. Seven species (red box) represent 68% of all carabids collected across 108 sites in 2017
and 2018.

3.2. Carabid Abundance

Kruskal–Wallis tests showed no significant difference in overall carabid abundance
between restoration types (CP25 high diversity initial seed mix or CP2 low diversity initial
seed mix) or grazed vs. ungrazed treatments (Table 2). However, there was significantly
higher beetle abundance on grazed sites compared to ungrazed sites in the East region
(grazed = 927, ungrazed = 467, median 39 vs. 25, respectively) (χ2 = 4.53; df = 1; p = 0.033)
(Figure 3A). There was no significant effect of CP on carabid abundance in any region
(Figure 3B).
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Table 2. Kruskal–Wallis results for overall (across regions) carabid beetle community measures,
treatments, and year. There were no significant differences between treatments (p ≥ 0.05).

Carabid Beetle
Community Measure

Kruskal–Wallis
Output

Treatments
Grazed/Ungrazed CP2/25

Abundance
Chi 2.14 0.959
df 1 1
p 0.142 0.327

Diversity
Chi 1.319 2.964
df 1 1
p 0.250 0.085

Biomass
Chi 2.307 1.557
df 1 1
p 0.128 0.212
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Figure 3. (A–F): Boxplots showing the median carabid abundance, biomass, and diversity by study
region (West, Central, East) and treatment (grazed vs. ungrazed, and CP2 vs. CP25). There was
no effect of restoration type (CP2 vs. CP25) on these three carabid measures (B,D,F). There was
a significant positive effect of grazing on carabid abundance ((A), p = 0.033), biomass ((C), p = 0.033),
and diversity ((E), p = 0.010) in the East study region. Boxes represent the middle 50th percentile
of data while each whisker represents an additional 25th percentile. The dots represent data points
more than 1.5 times outside of the interquartile range. Asterisks used to denote significant p-values
from Kruskal–Wallis tests (p ≤ 0.05). Figures for data adjusted for trap days can be found in the
supplemental documents (Figure S4).
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3.3. Carabid Biomass

Similar to the results for carabid beetle abundance, Kruskal–Wallis tests showed there
was no overall effect of CP or grazing on beetle biomass (Table 2). However, average carabid
beetle biomass was significantly higher on grazed sites than ungrazed sites in the East re-
gion (grazed = 98.12 g, ungrazed = 46.40 g, median 3.93 g vs. 2.37 g, respectively) (χ2 = 4.49;
df = 1; p = 0.033) with no differences in the Central or West region (Figure 3C). There was
no significant difference in biomass between CP2 or CP25 in any region (Figure 3D).

3.4. Carabid Diversity

Ground beetle diversity was similar across the restoration type (CP) and grazing
treatments (Table 2). However, there was significantly higher carabid diversity on grazed
sites in the East region than on ungrazed sites (ESN = 3.56 vs. 2.69, respectively; χ2 = 6.47;
df = 1; p = 0.010) (Figure 3E). There was no significant difference in diversity between
restoration type in any region (Figure 3F).

4. Discussion
4.1. Response of Carabid Communities to Grazing and CP Treatments

We examined carabid community response to moderate cattle grazing and restoration
type across 108 restored grasslands spanning 650 km, with a precipitation gradient of
63.5 cm (139% change in precipitation from the driest to the wettest site on average). Across
all 108 CRP sites, we found no consistent overall effect of grazing or restoration type (CP2
vs. CP25) on carabid beetle abundance, diversity, or biomass. Despite equivalent grazing
pressures, we only observed a significant positive effect of grazing on the carabid beetle
community measures in the East region. This significant positive effect of grazing was not
observed in the West or Central regions. There were no regional effects associated with the
restoration type (conservation practice or CP).

Similar to effects on carabids due to other grazing mammals [85–87], we predicted
that grazing would increase carabid abundance, with a concomitant increase in carabid
biomass. In addition, grazing may increase carabid diversity [88], thus we expected positive
effects across the entire precipitation gradient. However, studies in Norway and Scotland
showed that across varying grazing pressure, carabid abundance increased with grazing
pressure, but diversity indices were similar across all sites [87,89]. Our results partially
corroborate these findings. We observed there was no overall effect on carabid diversity
between our grazing treatments (grazing: p = 0.212; Table 2); however, grazing significantly
increased carabid abundance and diversity in the eastern tallgrass region. This was not
due to a larger species pool and associated increase in abundance of carabid species. This
differential response in the East region was also seen in plants associated with Kansas
CRP [52] and may be driven (at least in part) by the increased mean annual precipitation.
The comparatively high mean annual precipitation in the east may create differences in
microhabitat availability and plant community structure, thus improving resources for
insects. It is worth noting that despite looking at the 30-year averages, precipitation
deviated slightly from this average during the study. In 2017, sites experienced average
levels of precipitation, but in 2018, several sites experienced severe drought. These annual
differences could potentially explain the lack of effect for some variables.

Grazing and precipitation can have combined effects on plant communities [90], which
may mediate the response of the carabid community. The combined effect of precipitation
and grazing is important to carabids and other insects because cattle preferentially graze
certain plants [91], thus modifying the plants in a habitat. Grazing preferences change with
plant availability [43], a factor heavily driven by precipitation [92]. Changes in the plant
community can incite shifts in the insect community as well. For example, in grasshopper
communities in Mongolia, grazing had a significant positive effect on grasshopper diversity
across a 20 cm precipitation gradient in various plant communities [93].

The weak relationship between grazing and the carabid community may be explained
by the implemented intensity and duration of grazing in this study. After two years of
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grazing on almost half of our sites (53 of 108 sites), we found that the prescribed stocking
rates did not remove the targeted amount of biomass in any study regions, with a mean
reduction of only 24% (Table S7), whereas the targeted rate was a 50% reduction. Some
insects, including carabids, show a preference for more intensively grazed habitats [87,94].
It is possible that the reduction in plant biomass was not enough to cause a significant shift
in the overall ground beetle community. Long-term studies address lag effects of different
management strategies [95,96], and the time needed to detect a lag effect may be longer
than the two seasons of 120–180 days of grazing that we implemented for this study.

While we were able to standardize grazing pressure across the precipitation gradient,
there were numerous factors out of our control, such as the age of each restoration and the
frequency at which the sites were burned. Historically, CP2 is the older of the two practices,
thus CP2 sites were typically established earlier (25.26 ± 0.90 [SE] yr) than CP25 sites
(13.85 ± 0.92 [SE] yr) [52]. Additionally, burning was used as a mid-contract management
more frequently in eastern tallgrass sites (33.6% of sites) than in western short grass
(1.2% of sites). Because of this disparity in burn frequency and unreliable records of
burns outside of the years included in this study, the effects of fire were not examined.
A forthcoming publication will examine the interactions between the carabid community
and plant structure, plant diversity, percent bare ground, precipitation, treatments, and
species turnover across a broad landscape using multivariate analyses.

4.2. Carabid Significance in Grassland Restoration and Management

Carabid beetles are used as a bioindicators of habitat type, management success
(haying, grazing, etc.), and disturbance in European ecosystems [87,97,98], but there is
a lack of research that examines carabid community responses in North America. In
Europe, a long history of carabidology has created an excellent taxonomic foundation and
understanding of their diverse ecological roles and life histories [87,99–103]. In contrast,
the life histories of many North American species remain largely unknown. In this study,
we address the gap in knowledge of North American grassland carabids due to few
extensive surveys of this fauna. Sampling at 108 sites gives insight into these ground beetle
communities on a scale, unprecedented both in the US and in Europe. For comparison,
carabid studies in Europe used from 3 to 30 study sites [27,87], and in the United States,
from 12 to 44 [85,104]. Previous studies on grassland carabids in the US have focused on
the response of carabids to fire, rather than planting or grazing management [105,106].
Despite the current paucity of studies that utilize carabids as indicators of environmental
change in the US, long-term carabid beetle data collected by the NEON project (National
Ecological Observatory Network) [107] will likely focus future North American research
on carabids as essential indicator taxa.

By addressing this gap within US grassland habitats, we provide a baseline for future
North American carabid ecology studies including foundational data for comparison of
un-invaded carabid beetle communities in Great Plains grasslands systems. Pterostichus
melanarius, an invasive carabid species that is spreading rapidly in the US, dominates and
restructures invertebrate communities [108,109]. Originally from Europe, this invasive
species currently is distributed across the northern US and Canada, and southward into
neighboring states such as Iowa and Colorado [81]; it is predicted to expand its range into
Kansas [110]. It is associated with disturbed habitats [109], thus its likely expansion into
restored CRP grasslands might lead to shifts from native carabid communities.

Our results indicate that moderate levels of grazing positively influence carabid
abundance, diversity, and biomass in North American tallgrass habitats, and does not
negatively impact carabids in short- and mixed-grassland habitats. Similar to the response
of the plant community in this research, restoration type (CP2 or CP25) did not have any
significant effects on the carabid community [52]. These results assist in informing CRP
management strategies, suggesting that moderate grazing can build more diverse and
abundant carabid beetle communities. While no management favors all species, grazers
are a historical component of grassland ecosystems, and their use could positively impact
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many ground dwelling insects. One of the primary goals of CRP is to increase the habitat
for wildlife that often rely on the invertebrates for food. Managing CRP land in ways that
benefit carabid beetles will aid game birds such as pheasant, grouse, and quail, as well as
non-game wildlife, such as small mammals, herptiles, and bats that use ground beetles as
food [20–25]. When management benefits the invertebrate community, the organisms that
depend on invertebrates for their ecological services within these ecosystems will stand to
benefit as well.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/insects13080696/s1, Supplementary Materials 1—Table S1: Distribution of grassland type
in each study region; Table S2: Distribution of each restoration type in each study region; Table S3:
Distribution of the grazing treatment in each study region; Table S4: Kruskal–Wallis results with
outlier site E32 included; Table S5: Kruskal–Wallis results for the east region when standardized for
trap days; Table S6: Ground beetle species and their abundances; Table S7: 2018 Total plant biomass
difference between grazed and ungrazed sites in each region; Figure S1: Experimental plot design
in each CRP site; Figures S2 and S3: Pitfall trap design and pitfall trap in situ; Figure S4: Boxplots
showing the median carabid abundance, biomass, and diversity adjusted for sampling period; Figure
S5: Species accumulation curve per site for all regions. Supplementary Materials 2—Sheet 1: Metadata
associated with data collection and definitions of each field. Sheet 2: Carabid data used for analyses.

Author Contributions: Conceptualization, E.S.W., G.R.H., W.E.J. and M.L.J.; data collection, E.S.W.;
data analysis/interpretation, E.S.W., M.L.J. and W.E.J.; writing—original draft and preparation,
E.S.W.; writing—review and editing, G.R.H., W.E.J., M.M.R. and M.L.J. All authors have read and
agreed to the published version of the manuscript.

Funding: This project “Ground beetle (Coleoptera: Carabidae) responses to cattle grazing, grassland
restoration, and habitat across a precipitation gradient” was financed, in part, from Wildlife and
Sport Fish Restoration funds (W-92-R1 and F16AF00876). These were federal funds from the Fish
and Wildlife Service within the United States Department of Interior and administered by the Kansas
Department of Wildlife and Parks. It is part of a broader 3-year research project on “Linking CRP
grassland management to plants, insects, and birds” led by W.E.J., G.R.H. and M.L.J. The contents and
opinions, however, do not necessarily reflect the views or policies of the United States Department of
Interior or the Kansas Department of Wildlife and Parks.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available online at https://zenodo.
org/record/6774608#.YulcpnbMI2x (accessed 2 August 2022).

Acknowledgments: We thank Alex Morphew, Fraser Watson, Esben Kjaer, Ben Wilson, Jackie Baum,
and Amy Zavala-Garnsey for their contributions to this research. For help with data collection, we
thank research technicians Christa Wilson, Matthew Mogle, Harper McMinn-Sauder, Lisa Howes,
Darien Lozon, Tiffany Pirault, Austin Young, Alina Nuebel, Jonathan Eckerson, Kristi Smith, Rachel
Brooks, Justin Speicher, Brad Langford, Gabby Altmire, and Jenna Atma. We are grateful to Bob
Davidson (CMNH), Zack Falin (KSEM), Dave Kavanaugh (CASC), and Kip Will (EMEC) for carabid
identification resources and access to specimens.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Conrad, K.F.; Warren, M.S.; Fox, R.; Parsons, M.S.; Woiwod, I.P. Rapid declines of common, widespread British moths provide

evidence of an insect biodiversity crisis. Biol. Conserv. 2006, 132, 279–291. [CrossRef]
2. Fox, R.; Oliver, T.H.; Harrower, C.; Parsons, M.S.; Thomas, C.D.; Roy, D.B. Long-term changes to the frequency of occurrence of

British moths are consistent with opposing and synergistic effects of climate and land-use changes. J. Appl. Ecol. 2014, 51, 949–957.
[CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/insects13080696/s1
https://www.mdpi.com/article/10.3390/insects13080696/s1
https://zenodo.org/record/6774608#.YulcpnbMI2x
https://zenodo.org/record/6774608#.YulcpnbMI2x
http://doi.org/10.1016/j.biocon.2006.04.020
http://doi.org/10.1111/1365-2664.12256
http://www.ncbi.nlm.nih.gov/pubmed/25954052


Insects 2022, 13, 696 12 of 15

3. Hallmann, C.A.; Sorg, M.; Jongejans, E.; Siepel, H.; Hofland, N.; Schwan, H.; Stenmans, W.; Müller, A.; Sumser, H.; Hörren, T.;
et al. More than 75 percent decline over 27 years in total flying insect biomass in protected areas. PLoS ONE 2017, 12, e0185809.
[CrossRef]

4. Lister, B.C.; Garcia, A. Climate-driven declines in arthropod abundance restructure a rainforest food web. Proc. Natl. Acad. Sci.
USA 2018, 115, E10397–E10406. [CrossRef] [PubMed]

5. Benslimane, N.; Chakri, K.; Haiahem, D.; Guelmami, A.; Samraoui, F.; Samraoui, B. Anthropogenic stressors are driving a steep
decline of hemipteran diversity in dune ponds in north-eastern Algeria. J. Insect Conserv. 2019, 23, 475–488. [CrossRef]

6. Longcore, T. Terrestrial arthropods as indicators of ecological restoration success in coastal sage scrub (California, USA). Restor.
Ecol. 2003, 11, 397–409. [CrossRef]

7. Littlewood, N.A.; Dennis, P.; Pakeman, R.J.; Woodin, S.J. Moorland restoration aids the reassembly of associated phytophagous
insects. Biol. Conserv. 2006, 132, 395–404. [CrossRef]

8. Albrecht, M.; Duelli, P.; Schmid, B.; Müller, C.B. Interaction diversity within quantified insect food webs in restored and adjacent
intensively managed meadows. J. Anim. Ecol. 2007, 76, 1015–1025. [CrossRef]

9. Ratcliffe, B.C. The Carrion Beetles (Coleoptera: Silphidae) of Nebraska. Bull; University of Nebraska State Museum: Lincoln, NE, USA,
1996; Volume 13, 399p.

10. Larochelle, A.; Lariviere, M.C. A Natural History of the Ground Beetles (Coleoptera: Carabidae) of America North of Mexico; Pensoft
Publishers: Sofia, Bulgaria, 2003; pp. 1–583.

11. Kremen, C.; Chaplin-Kramer, R. Insects as providers of ecosystem services: Crop pollination and pest control. In Insect
Conservation Biology: Proceedings of the Royal Entomological Society’s 23rd Symposium; Lewis, O.T., Stewart, A.J., Eds.; CABI
Publishing: Wallingford, UK, 2007; pp. 349–382.

12. Nichols, E.; Spector, S.; Louzada, J.; Larsen, T.; Amezquita, S.; Favila, M.E. Ecological functions and ecosystem services provided
by Scarabaeinae dung beetles. Biol. Conserv. 2008, 141, 1461–1474. [CrossRef]

13. Koivula, M.J. Useful model organisms, indicators, or both? Ground beetles (Coleoptera, Carabidae) reflecting environmental
conditions. ZooKeys 2011, 100, 287–317. [CrossRef] [PubMed]

14. Günther, J.; Assmann, T. Restoration ecology meets carabidology: Effects of floodplain restitution on ground beetles (Coleoptera,
Carabidae). Biodivers. Conserv. 2005, 14, 1583–1606. [CrossRef]

15. Pravia, A.; Andersen, R.; Artz, R.E.; Pakeman, R.J.; Littlewood, N.A. Restoration trajectory of carabid functional traits in a
formerly afforested blanket bog. Zool. Acad. Sci. Hung. 2019, 65, 33–56. [CrossRef]

16. Lund, R.D.; Turpin, F.T. Carabid damage to weed seeds found in Indiana cornfields. Environ. Entomol. 1977, 6, 695–698. [CrossRef]
17. Kromp, B. Carabid beetles in sustainable agriculture: A review on pest control efficacy, cultivation impacts and enhancement.

In Practical Use of Invertebrates to Assess Sustainable Land Use; Paoletti, M.G., Ed.; Elsevier: Amsterdam, The Netherlands, 1999;
pp. 187–228.

18. Dorner, J. An Introduction to Using Native Plants in Restoration Projects; Center for Urban Horticulture, University of Washington:
Seattle, WA, USA, 2002. Available online: http://www.nps.gov/plants/restore/pubs/intronatplant (accessed on 1 Novem-
ber 2021).

19. Holland, J.M. The Agroecology of Carabid Beetles; Intercept Limited: Andover, UK, 2002; 356p.
20. Murdoch, W.W. Aspects of the population dynamics of some marsh Carabidae. J. Anim. Ecol. 1966, 35, 127–156. [CrossRef]
21. Obrtel, R. Animal food of Apodemus flavicollis in a lowland forest. Zool. Listy 1973, 22, 15–30.
22. Larochelle, A. A list of amphibians and reptiles as predators of Carabidae. Carabologia 1975, 3, 99–103.
23. Hill, D.A. The feeding ecology and survival of pheasant chicks on arable farmland. J. Appl. Ecol. 1985, 1, 645–654. [CrossRef]
24. Arlettaz, R.; Christie, P.; Lugon, A.; Perrin, N.; Vogel, P. Food availability dictates the timing of parturition in insectivorous

mouse-eared bats. Oikos 2003, 95, 105–111. [CrossRef]
25. Smith, J.A.; Matthews, T.W.; Holcomb, E.D.; Negus, L.P.; Davis, C.A.; Brown, M.B.; Powell, L.A.; Taylor, S.J. Invertebrate prey

selection by Ring-necked Pheasant (Phasianus colchicus) broods in Nebraska. Am. Midl. Nat. 2015, 173, 318–325. [CrossRef]
26. Thiele, H.U. Carabid Beetles in Their Environments: A Study on Habitat Selection by Adaptations in Physiology and Behavior; Springer:

Heidelberg, Germany, 1977; 372p.
27. Brose, U. Bottom-up control of carabid beetle communities in early successional wetlands: Mediated by vegetation structure or

plant diversity? Oecologia 2003, 135, 407–413. [CrossRef] [PubMed]
28. Da Silva, P.M.; Aguiar, C.A.; Niemelä, J.; Sousa, J.P.; Serrano, A.R. Diversity patterns of ground-beetles (Coleoptera: Carabidae)

along a gradient of land-use disturbance. Agric. Ecosyst. Environ. 2008, 124, 270–274. [CrossRef]
29. Kriska, D.J.; Lee, H.J.; Krebs, R.A. Effect of oak barren restoration on Carabidae (Coleoptera) within a Kame-Kettle bog system.

Ecol. Restor. 2020, 38, 24–31. [CrossRef]
30. Blake, S.; Foster, G.N.; Eyre, M.D.; Luff, M.L. Effects of habitat type and grassland management practices on the body size

distribution of carabid beetles. Pedobiologia 1994, 38, 502–512.
31. Ribera, I.; Dolédec, S.; Downie, I.S.; Foster, G.N. Effect of land disturbance and stress on species traits of ground beetle assemblages.

Ecology 2001, 82, 1112–1129. [CrossRef]
32. Samson, F.B.; Knopf, F.L.; Ostlie, W.R. Great Plains ecosystems: Past, present, and future. Wildl. Soc. Bull. 2004, 32, 6–15.

[CrossRef]

http://doi.org/10.1371/journal.pone.0185809
http://doi.org/10.1073/pnas.1722477115
http://www.ncbi.nlm.nih.gov/pubmed/30322922
http://doi.org/10.1007/s10841-019-00133-1
http://doi.org/10.1046/j.1526-100X.2003.rec0221.x
http://doi.org/10.1016/j.biocon.2006.04.033
http://doi.org/10.1111/j.1365-2656.2007.01264.x
http://doi.org/10.1016/j.biocon.2008.04.011
http://doi.org/10.3897/zookeys.100.1533
http://www.ncbi.nlm.nih.gov/pubmed/21738418
http://doi.org/10.1007/s10531-004-0531-4
http://doi.org/10.17109/AZH.65.Suppl.33.2019
http://doi.org/10.1093/ee/6.5.695
http://www.nps.gov/plants/restore/pubs/intronatplant
http://doi.org/10.2307/2694
http://doi.org/10.2307/2403218
http://doi.org/10.1034/j.1600-0706.2001.950112.x
http://doi.org/10.1674/amid-173-02-318-325.1
http://doi.org/10.1007/s00442-003-1222-7
http://www.ncbi.nlm.nih.gov/pubmed/12721831
http://doi.org/10.1016/j.agee.2007.10.007
http://doi.org/10.3368/er.38.1.24
http://doi.org/10.1890/0012-9658(2001)082[1112:EOLDAS]2.0.CO;2
http://doi.org/10.2193/0091-7648(2004)32[6:GPEPPA]2.0.CO;2


Insects 2022, 13, 696 13 of 15

33. U.S. Department of Agriculture and Farm Service Agency and Natural Resource Conservation Service. Conservation Reserve
Program. Available online: https://www.fsa.usda.gov/programs-and-services/conservation-programs/conservation-reserve-
program/ (accessed on 2 August 2022).

34. Schaffers, A.P.; Raemakers, L.P.; Sykora, K.V.; Ter Braak, D.J.P. Arthropod assemblages are best predicted by plant species
composition. Ecology 2008, 89, 782–794. [CrossRef] [PubMed]

35. Joern, A.; Laws, A.N. Ecological mechanisms underlying arthropod species diversity in grasslands. Ann. Rev. Entomol. 2013, 58,
19–36. [CrossRef] [PubMed]

36. Baer, S.G.; Kitchen, D.J.; Blair, J.M.; Rice, C.W. Changes in ecosystem structure and function along a chronosequence of restored
grasslands. Ecol. Appl. 2002, 12, 1688–1701. [CrossRef]

37. McIntyre, N.E.; Thompson, T.R. A comparison of Conservation Reserve Program habitat plantings with respect to arthropod prey
for grassland birds. Am. Midl. Nat. 2003, 150, 291–302. [CrossRef]

38. Questad, E.J.; Foster, B.L.; Jog, S.; Kindscher, K.; Loring, H. Evaluating patterns of biodiversity in managed grasslands using
spatial turnover metrics. Biol. Conserv. 2011, 144, 1050–1058. [CrossRef]

39. Siemann, E.; Tilman, D.; Haarstad, J.; Ritchie, M. Experimental tests of the dependence of arthropod diversity on plant diversity.
Am. Nat. 1998, 152, 738–750. [CrossRef]

40. Knops, J.M.H.; Tilman, D.; Haddad, N.M.; Naeem, S.; Mitchell, C.E.; Haarstad, J.; Ritchie, M.E.; Howe, K.M.; Reich, P.B.; Siemann,
E.; et al. Effects of plant species richness on invasion dynamics, disease outbreaks, and insect abundances and diversity. Ecol. Lett.
1999, 2, 286–293. [CrossRef] [PubMed]

41. U.S. Department of Agriculture and Farm Service Agency. Conservation Reserve Program: CP-25. Available online:
https://www.fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/FactSheets/2015/CRPProgramsandInitiatives/Practice_
CP25_Rare_and_Declining_Habitat.pdf (accessed on 11 February 2022).

42. U.S. Department of Agriculture and Natural Resource Conservation Service. Conservation Reserve Program: CP-2. Avail-
able online: https://www.fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/FactSheets/2015/CRPProgramsandInitiatives/
Practice_CP2_Establishment_of_Permanent_Native_Grasses.pdf (accessed on 11 February 2022).

43. Towne, E.G.; Hartnett, D.C.; Cochran, R.C. Vegetation trends in tallgrass prairie from bison and cattle grazing. Ecol. Appl. 2005,
15, 1550–1559. [CrossRef]

44. Cid, M.S.; Brizuela, M.A. Heterogeneity in tall fescue pastures created and sustained by cattle grazing. J. Range Manag. 1998, 51,
644–649. [CrossRef]

45. Adler, P.; Raff, D.; Lauenroth, W. The effect of grazing on the spatial heterogeneity of vegetation. Oecologia 2001, 128, 465–479.
[CrossRef] [PubMed]

46. Williams, P.H.; Haynes, R.J. Effect of sheep, deer and cattle dung on herbage production and soil nutrient content. Grass Forage
Sci. 1995, 50, 263–271. [CrossRef]

47. U.S. Department of Agriculture and Natural Resources Conservation Service. Kansas Cover Mix Guidance for Conservation Prac-
tice 2, Establishment of Permanent Native Grasses. Available online: https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/
nrcs144p2_045445.pdf (accessed on 11 February 2022).

48. U.S. Department of Agriculture and Natural Resources Conservation Service. Restoration of Rare and Declining Habitat Program
Fact Sheet, CRP Practice CP25. Available online: https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs144p2_042378.
pdf (accessed on 11 February 2022).

49. Milchunas, D.G.; Sala, O.E.; Lauenroth, W.K. A generalized model of the effects of grazing by large herbivores on grassland
community structure. Am. Nat. 1988, 132, 87–106. [CrossRef]

50. Kraus, H.M.; Jensen, W.E.; Houseman, G.R.; Jameson, M.L.; Reichenborn, M.R.; Watson, D.F.; Kjaer., E.L. Cattle grazing in CRP
grasslands during the nesting season: Effects on avian reproduction. J. Wildl. Manag. 2022, 86, e22152. [CrossRef]

51. Wilson, B.S.; Jensen, W.E.; Houseman, G.R.; Jameson, M.L.; Reichenborn, M.R.; Watson, D.F.; Morphew, A.R.; Kjaer., E.L. Cattle
grazing in CRP grasslands during the nesting season: Effects on avian abundance and diversity. J. Wildl. Manag. 2022, 86, e22188.
[CrossRef]

52. Watson, D.F.; Houseman, G.R.; Jameson, M.L.; Jensen, W.E.; Reichenborn, M.M.; Morphew, A.R.; Kjaer, E.L. Plant community
responses to grassland restoration efforts across a large-scale precipitation gradient. Eco. Appl. 2021, 31, e02381. [CrossRef]

53. Helzer, C.J.; Jelinski, D.E. The relative importance of patch area and perimeter–area ratio to grassland breeding birds. Ecol. Appl.
1999, 9, 1448–1458.

54. Johnson, D.H.; Igl, L.D. Area requirements of grassland birds: A regional perspective. Auk 2001, 118, 24–34. [CrossRef]
55. U.S. Department of Agriculture and Natural Resources Conservation Service. Kansas Cover Mix Guidance for CP25. Available on-

line: https://www.nrcs.usda.gov/wps/portal/nrcs/detail/ks/programs/?cid=nrcs142p2_032831 (accessed on 11 February 2022).
56. U.S. Department of Agriculture, Natural Resources Conservation Service, National Water and Climate Center. 30-Year

Climatic and Hydrologic Normals (1981–2010). Available online: https://www.nrcs.usda.gov/wps/portal/wcc/home/
snowClimateMonitoring/30YearNormals/ (accessed on 11 February 2022).

57. Dingle, H.; Rochester, W.A.; Zaluck, M.P. Relationships among climate, latitude and migration: Australian butterflies are not
temperate-zone birds. Oecologia 2000, 124, 196–207. [CrossRef] [PubMed]

58. Frampton, G.K.; Van den Brink, P.J.; Gould, P.J. Effects of spring precipitation on a temperate arable collembolan community
analysed using Principal Response Curves. Appl. Soil Ecol. 2000, 14, 231–248. [CrossRef]

https://www.fsa.usda.gov/programs-and-services/conservation-programs/conservation-reserve-program/
https://www.fsa.usda.gov/programs-and-services/conservation-programs/conservation-reserve-program/
http://doi.org/10.1890/07-0361.1
http://www.ncbi.nlm.nih.gov/pubmed/18459341
http://doi.org/10.1146/annurev-ento-120811-153540
http://www.ncbi.nlm.nih.gov/pubmed/22830354
http://doi.org/10.1890/1051-0761(2002)012[1688:CIESAF]2.0.CO;2
http://doi.org/10.1674/0003-0031(2003)150[0291:ACOCRP]2.0.CO;2
http://doi.org/10.1016/j.biocon.2010.12.024
http://doi.org/10.1086/286204
http://doi.org/10.1046/j.1461-0248.1999.00083.x
http://www.ncbi.nlm.nih.gov/pubmed/33810630
https://www.fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/FactSheets/2015/CRPProgramsandInitiatives/Practice_CP25_Rare_and_Declining_Habitat.pdf
https://www.fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/FactSheets/2015/CRPProgramsandInitiatives/Practice_CP25_Rare_and_Declining_Habitat.pdf
https://www.fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/FactSheets/2015/CRPProgramsandInitiatives/Practice_CP2_Establishment_of_Permanent_Native_Grasses.pdf
https://www.fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/FactSheets/2015/CRPProgramsandInitiatives/Practice_CP2_Establishment_of_Permanent_Native_Grasses.pdf
http://doi.org/10.1890/04-1958
http://doi.org/10.2307/4003606
http://doi.org/10.1007/s004420100737
http://www.ncbi.nlm.nih.gov/pubmed/28547391
http://doi.org/10.1111/j.1365-2494.1995.tb02322.x
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs144p2_045445.pdf
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs144p2_045445.pdf
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs144p2_042378.pdf
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs144p2_042378.pdf
http://doi.org/10.1086/284839
http://doi.org/10.1002/jwmg.22152
http://doi.org/10.1002/jwmg.22188
http://doi.org/10.1002/eap.2381
http://doi.org/10.1093/auk/118.1.24
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/ks/programs/?cid=nrcs142p2_032831
https://www.nrcs.usda.gov/wps/portal/wcc/home/snowClimateMonitoring/30YearNormals/
https://www.nrcs.usda.gov/wps/portal/wcc/home/snowClimateMonitoring/30YearNormals/
http://doi.org/10.1007/s004420050007
http://www.ncbi.nlm.nih.gov/pubmed/28308179
http://doi.org/10.1016/S0929-1393(00)00051-2


Insects 2022, 13, 696 14 of 15

59. Esri. “World Imagery” [Basemap]. Scale Not Given. “ArcGIS Online World Imagery”. Available online: https://www.arcgis.
com/home/item.html?id=10df2279f9684e4a9f6a7f08febac2a9 (accessed on 2 March 2020).

60. U.S. Department of Agriculture and Natural Resources Conservation Service. Kansas Seeding Zone Delineation. Available online:
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_032509.pdf (accessed on 11 February 2022).

61. U.S. Department of Agriculture, Natural Resources Conservation Service. Prescribed Grazing (acre) (528). Available online:
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs141p2_024145.pdf (accessed on 11 February 2022).

62. LeVan, K.; Robinson, N.; Hoekman, D.; Blevins., K. TOS Protocol and Procedure: Ground Beetle Sampling, National Ecological
Observatory Network. Available online: https://data.neonscience.org/api/v0/documents/NEON.DOC.014050vM (accessed on
1 November 2021).

63. Ball, G.E.; Bousquet, Y. Carabidae. In American Beetles, Volume I: Archostemata, Myxophaga, Adephaga, Polyphaga: Staphyliniformia;
Arnett, R.H., Thomas, M.C., Eds.; CRC Press: Boca Raton, FL, USA, 2001; pp. 32–132.

64. Lindroth, C.H. The ground beetles (Carabidae, excl. Cicindelinae) of Canada and Alaska parts 1–6. Opusc. Entomol. 1961, 1–1192.
65. Vaurie, P. A review of the North American genus Amblycheila (Coleoptera: Cicindelidae). Am. Mus. Novit. 1955, 1724, 1–26.
66. Erwin, T.L. A reclassification of bombardier beetles and a taxonomic revision of the North and Middle American species

(Carabidae: Brachinida). Quaest. Entomol. 1970, 6, 4–215.
67. Ball, G.E.; Negre, J. The taxonomy of the Nearctic species of the genus Calathus Bonelli (Coleoptera: Carabidae: Agonini). Trans.

Am. Entomol. Soc. 1972, 98, 412–533.
68. Gidaspow, T. North American caterpillar hunters of the genera Calosoma and Callisthenes (Coleoptera: Carabidae). Bull. Am.

Mus. Nat. Hist. 1959, 16, 225–344.
69. Bell, R.T. A revision of the genus Chlaenius Bonelli (Coleoptera: Carabidae) in North America. Misc. Publ. Entomol. Soc. Am. 1960,

1, 97–166.
70. Pearson, D.L.; Knisley, C.B.; Duran, D.P.; Kazilek, C.J. A Field Guide To The Tiger Beetles Of The United States And Canada, 2nd ed.;

Oxford University Press: New York, NY, USA, 2015; pp. 1–227.
71. Freitag, R. A revision of the species of the genus Evarthus LeConte (Coleoptera: Carabidae). Quaest. Entomol. 1969, 5, 89–212.
72. Ball, G.E. A taxonomic study of the North American Licinini with notes on the Old World species of the genus Diploceila Brulle

(Coleoptera). Mem. Am. Ent. Soc. 1959, 16, i–iv.
73. Ball, G.E. A review of the taxonomy of the genus Euryderus Le Conte, 1848 with notes on the North American Dapti (of authors)

(Carabidae: Harpalini). Coleopt. Bull. 1960, 14, 44–64.
74. Reichardt, H. A monographic revision of the American Galeritini (Coleoptera: Carabidae). Arq. Zool. 1967, 15, 1–176. [CrossRef]
75. Ball, G.E.; Anderson, J.N. The Taxonomy And Speciation Of Pseudophonus: A Subgenus Of Harpalus: Harpalini: Carabidae, Known To

Occur in North America; Catholic University of America Press: Washington, DC, USA, 1962; pp. 1–106.
76. Will, K.W. Review of the species of the subgenus Megapangus Casey (Coleoptera: Carabidae, Harpalini, Harpalus Latreille). Coleopt.

Bull. 1997, 51, 43–51.
77. Ball, G.E. A revision of the North American species of the genus Helluomorphoides. Proc. Entomol. Soc. Wash. 1956, 58, 67–91.
78. Purrington, F.F.; Drake, C.J. A key to adult Nearctic Pasimachus (Pasimachus) Bonelli (Coleoptera: Carabidae: Scaritini), with

comments on functional mouthpart morphology. Entomol. News 2005, 116, 253–262.
79. Gidaspow, T. Revision of ground beetles of American genus Cychrus and four subgenera of genus Scaphinotus (Coleoptera:

Carabidae). Bull. Am. Mus. Nat. Hist. 1973, 152, 51–102.
80. Bousquet, Y.; Skelley, P.E. Description of a new species of Scarites Fabricius (Coleoptera: Carabidae) from Florida. Coleopt. Bull.

2010, 64, 45–49. [CrossRef]
81. Bousquet, Y. Catalogue of Geadephaga (Coleoptera, Adephaga) of America, north of Mexico. ZooKeys 2012, 245, 1–1722.
82. Oksanen, J.; Blanchet, F.G.; Friendly, M.; Kindt, R.; Legendre, P.; McGlinn, D.; Minchin, P.R.; O’Hara, R.B.; Simpson, G.L.; Solymos,

P.; et al. Vegan: Community Ecology Package. R Package Version 2.5.3. Available online: https://CRAN.R-project.org/package=
vegan (accessed on 1 November 2021).

83. R Core Team. R: A Language and Environment for Statistical Computing. Version 3.4.3. R Foundation for Statistical Computing:
Vienna, Austria. Available online: http://www.R-project.org/ (accessed on 1 November 2021).

84. Jost, L. Entropy and diversity. Oikos 2006, 113, 363–375. [CrossRef]
85. Byers, R.A.; Barker, G.M.; Davidson, R.L.; Hoebeke, E.R.; Sanderson, M.A. Richness and abundance of Carabidae and Staphylin-

idae (Coleoptera), in northeastern dairy pastures under intensive grazing. Great Lakes Entomol. 2000, 33, 81–105.
86. Suominen, O.; Niemelä, J.; Martikainen, P.; Niemelä, P.; Kojola, I. Impact of reindeer grazing on ground-dwelling Carabidae and

Curculionidae assemblages in Lapland. Ecography 2003, 26, 503–513. [CrossRef]
87. Melis, C.; Buset, A.; Aarrestad, P.A.; Hanssen, O.; Meisingset, E.L.; Andersen, R.; Moksnes, A.; Røskaft, E. Impact of red deer

Cervus elaphus grazing on bilberry Vaccinium myrtillus and composition of ground beetle (Coleoptera, Carabidae) assemblage.
Biodivers. Conserv. 2006, 15, 2049–2059. [CrossRef]

88. Batáry, P.; Kovács, A.; Báldi, A. Management effects on carabid beetles and spiders in Central Hungarian grasslands and cereal
fields. Community Ecol. 2008, 9, 247–254. [CrossRef]

89. Pozsgai, G.; Quinzo-Ortega, L.; Littlewood, N.A. Grazing impacts on ground beetle (Coleoptera: Carabidae) abundance and
diversity on semi-natural grassland. Insect Conserv. Divers. 2022, 15, 36–47. [CrossRef]

https://www.arcgis.com/home/item.html?id=10df2279f9684e4a9f6a7f08febac2a9
https://www.arcgis.com/home/item.html?id=10df2279f9684e4a9f6a7f08febac2a9
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_032509.pdf
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs141p2_024145.pdf
https://data.neonscience.org/api/v0/documents/NEON.DOC.014050vM
http://doi.org/10.11606/issn.2176-7793.v15i1-2p1-176
http://doi.org/10.1649/0010-065X-64.1.45
https://CRAN.R-project.org/package=vegan
https://CRAN.R-project.org/package=vegan
http://www.R-project.org/
http://doi.org/10.1111/j.2006.0030-1299.14714.x
http://doi.org/10.1034/j.1600-0587.2003.03445.x
http://doi.org/10.1007/s10531-005-2005-8
http://doi.org/10.1556/ComEc.9.2008.2.14
http://doi.org/10.1111/icad.12533


Insects 2022, 13, 696 15 of 15

90. Milchunas, D.G.; Lauenroth, W.K.; Chapman, P.L.; Kazempour, M.K. Effects of grazing, topography, and precipitation on the
structure of a semiarid grassland. Vegetatio 1989, 80, 11–23. [CrossRef]

91. Reppert, J.N. Forage preference and grazing habits of cattle at the Eastern Colorado Range Station. J. Range Manag. 1960, 15,
58–65. [CrossRef]

92. Cleland, E.E.; Collins, S.L.; Dickson, T.L.; Farrer, E.C.; Gross, K.L.; Gherardi, L.A.; Hallett, L.M.; Hobbs, R.J.; Hsu, J.S.; Turnbull, L.;
et al. Sensitivity of grassland plant community composition to spatial vs. temporal variation in precipitation. Ecology 2013, 94,
1687–1696. [CrossRef]

93. Hao, S.; Wang, S.; Cease, A.; Kang, L. Landscape level patterns of grasshopper communities in Inner Mongolia: Interactive effects
of livestock grazing and a precipitation gradient. Landsc. Ecol. 2015, 30, 1657–1668. [CrossRef]

94. Kruess, A.; Tscharntke, T. Contrasting responses of plant and insect diversity to variation in grazing intensity. Biol. Conserv. 2002,
106, 293–302. [CrossRef]

95. Milchunas, D.G.; Forwood, J.R.; Lauenroth, W.K. Productivity of long-term grazing treatments in response to seasonal precipita-
tion. J. Range Manag. 1994, 47, 133–139. [CrossRef]

96. Patton, B.D.; Dong, X.; Nyren, P.E.; Nyren, A. Effects of grazing intensity, precipitation, and temperature on forage production.
Rangel. Ecol. Manag. 2007, 60, 656–665. [CrossRef]

97. Rainio, J.; Niemela, J.K. Ground beetles (Coleoptera: Carabidae) as bioindicators. Biodivers. Conserv. 2003, 12, 487–506. [CrossRef]
98. García-Tejero, S.; Taboada, Á.; Tárrega, R.; Salgado, J.M. Land use changes and ground dwelling beetle conservation in extensive

grazing dehesa systems of north-west Spain. Biol. Conserv. 2013, 161, 58–66. [CrossRef]
99. Stephens, J.F. A Systematic Catalogue of British Insects: Being an Attempt to Arrange All the Hitherto Discovered Indigenous Insects in

Accordance with Their Natural Affinities. Containing also the References to Every English Writer on Entomology, and to the Principal
Foreign Authors. With all the Published British Genera to the Present Time; Baldwin and Cradock: London, UK, 1829; pp. 1–388.

100. Gardner, S.M.; Hartley, S.E.; Davies, A.; Palmer, S.C.F. Carabid communities on heather moorlands in northeast Scotland: The
consequences of grazing pressure for community diversity. Biol. Conserv. 1997, 81, 275–286. [CrossRef]

101. Brose, U. Regional diversity of temporary wetland carabid beetle communities: A matter of landscape features or cultivation
intensity? Agric. Ecosyst. Environ. 2003, 98, 163–167. [CrossRef]

102. Kotze, D.J.; Brandmayr, P.; Casale, A.; Dauffy-Richard, E.; Dekoninck, W.; Koivula, M.J.; Lövei, G.L.; Mossakowski, D.; Noordijk,
J.; Paarmann, W.; et al. Forty years of carabid beetle research in Europe–from taxonomy, biology, ecology and population studies
to bioindication, habitat assessment and conservation. ZooKeys 2011, 100, 55–148. [CrossRef] [PubMed]

103. Rossi, E.; Antichi, D.; Loni, A.; Canovai, R.; Sbrana, M.; Mazzoncini, M. Ground beetle (Coleoptera: Carabidae) assemblages and
slug abundance in agricultural fields under organic and low-input conventional management within a long-term agronomic trial
in central Italy. Environ. Entomol. 2019, 48, 1377–1387. [CrossRef] [PubMed]

104. Barber, N.A.; Lamagdeleine-Dent, K.A.; Willand, J.E.; Jones, H.P.; McCravy, K.W. Species and functional trait re-assembly of
ground beetle communities in restored grasslands. Biodivers. Conserv. 2017, 26, 3481–3498. [CrossRef]

105. Cook, W.M.; Holt, R.D. Fire frequency and mosaic burning effects on a tallgrass prairie ground beetle assemblage. Biodivers.
Conserv. 2006, 15, 2301–2323. [CrossRef]

106. Kral, K.C.; Limb, R.F.; Harmon, J.P.; Hovick, T.J. Arthropods and fire: Previous research shaping future conservation. Rangel. Ecol.
Manag. 2017, 70, 589–598. [CrossRef]

107. Kao, R.H.; Gibson, C.M.; Gallery, R.E.; Meier, C.L.; Barnett, D.T.; Docherty, K.M.; Blevins, K.K.; Travers, P.D.; Azuaje, E.; Springer,
Y.P.; et al. NEON terrestrial field observations: Designing continental-scale, standardized sampling. Ecosphere 2012, 3, 1–17.
[CrossRef]

108. Cárcamo, H.A.; Niemalä, J.K.; Spence, J.R. Farming and ground beetles: Effects of agronomic practice on populations and
community structure. Can. Entomol. 1995, 127, 123–140. [CrossRef]

109. Hartley, D.J.; Koivula, M.J.; Spence, J.R.; Pelletier, R.; Ball, G.E. Effects of urbanization on ground beetle assemblages (Coleoptera,
Carabidae) of grassland habitats in western Canada. Ecography 2007, 30, 673–684. [CrossRef]

110. Busch, A.K. Life History of Pterostichus melanarius (Coleoptera: Carabidae) and its importance for biological control in field crops.
Master’s Thesis, Pennsylvania State University, University Park, PA, USA, 2016.

http://doi.org/10.1007/BF00049137
http://doi.org/10.2307/3895123
http://doi.org/10.1890/12-1006.1
http://doi.org/10.1007/s10980-015-0247-8
http://doi.org/10.1016/S0006-3207(01)00255-5
http://doi.org/10.2307/4002821
http://doi.org/10.2111/07-008R2.1
http://doi.org/10.1023/A:1022412617568
http://doi.org/10.1016/j.biocon.2013.02.017
http://doi.org/10.1016/S0006-3207(96)00148-6
http://doi.org/10.1016/S0167-8809(03)00078-1
http://doi.org/10.3897/zookeys.100.1523
http://www.ncbi.nlm.nih.gov/pubmed/21738408
http://doi.org/10.1093/ee/nvz119
http://www.ncbi.nlm.nih.gov/pubmed/31630200
http://doi.org/10.1007/s10531-017-1417-6
http://doi.org/10.1007/s10531-004-8227-3
http://doi.org/10.1016/j.rama.2017.03.006
http://doi.org/10.1890/ES12-00196.1
http://doi.org/10.4039/Ent127123-1
http://doi.org/10.1111/j.2007.0906-7590.05199.x

	Introduction 
	Materials and Methods 
	Site Selection 
	Insect Sampling 
	Laboratory Methods 
	Data Analyses 

	Results 
	Carabid Beetles 
	Carabid Abundance 
	Carabid Biomass 
	Carabid Diversity 

	Discussion 
	Response of Carabid Communities to Grazing and CP Treatments 
	Carabid Significance in Grassland Restoration and Management 

	References

