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ABSTRACT: Habitat restoration is considered critical for maintaining and restoring biodiversity of many
species groups. A better understanding of how species respond to the restoration process is imperative
to identifying practices that benefit the target organisms. Using survey responses from land managers
about the restoration process in tallgrass prairie habitat, we identify common restoration and management
techniques. These responses are then combined with current literature on bee and plant responses to these
methods in tallgrass prairie habitat. While some widely used methods, such as burning, are believed to be
fairly benign to bees, there are still many knowledge gaps about how bees may respond to many common
practices such as tillage, pesticides, and grazing in tallgrass prairie. Other commonly used methods,
such as broadcasting of seeds, are known to significantly affect plant diversity, which could hinder bee
conservation efforts. The variability in bee and plant response to commonly used methods highlights
why it is necessary to better understand how management methods affect plant and bee communities.

Index terms: bee, conservation, TGP, prairie, restoration, tallgrass prairie

INTRODUCTION

Habitat restoration has long been consid-
ered key for sustaining biodiversity (Soci-
ety for Ecological Restoration International
and IUCN Commission on Ecosystem
Management 2004) and slowing rapid
species declines (Young 2000; Society
for Ecological Restoration International
and IUCN Commission on Ecosystem
Management 2004). In particular, the
restoration of habitat is one of the pri-
mary methods recommended to curb the
declines of native bees (Potts et al. 2010;
Winfree 2010). Declines of bees, due to
their important role in both food security
and ecosystem stability (Knight et al. 2005;
Klein et al. 2007), have elicited significant
attention from public, scientific, and po-
litical circles, all of which are calling for
increases in restored habitat to improve
bee conservation efforts (Potts et al. 2010;
Winfree 2010; Pollinator Health Task Force
2015). Restoration, however, is a diverse
and complex process with myriad methods
used to clear land, establish plants, maintain
diversity, and manage success (Clewell
et al. 2005). Consequently, the diverse
methods used to establish and maintain
landscapes are unlikely to have uniform
conservation results for bees (Dixon 2009),
and could significantly affect the efficacy
of restoration as a conservation method for
native bees and other species.

In this paper, we identify site characteris-
tics and current methods used to establish
and manage tallgrass prairie (TGP) hab-
itat, and review how these methods may
affect bee and plant diversity in prairie

restorations based on current literature.
Tallgrass prairie, which originally covered
over 675,828 km? (167 million acres) and
has been reduced to between 4 and 13%
of its original extent, is characterized by
high plant and forb diversity (Samson and
Knopf 1994; Samson et al. 2004). Bees are
known to be negatively affected by habitat
loss and fragmentation (Winfree et al.
2009), which makes both pollinators and
plants—of which an estimated 80% rely
on animal pollination for seed set (Ollerton
et al. 2011)—at risk in prairie landscapes.
Thus, ongoing efforts to restore tallgrass
prairie habitats could help both to conserve
bee diversity and maintain plant diversity
in restored patches; to our knowledge,
however, no one has compared manage-
ment methods with the known effects they
have on bees. We focus specifically on the
TGP and research relevant to this habitat,
because bees with different evolutionary
and ecological histories may not have
uniform responses to restoration methods
and disturbances (Williams et al. 2010).

During the spring and fall of 2013, land
managers of TGP were contacted to
discuss site characteristics and methods
used to clear, establish and maintain prai-
rie restorations-including both degraded
remnant areas that have been restored
and reconstructions of other habitats back
to prairie. Questions were administered
through phone calls and electronic surveys
(See Appendix to view survey). Response
rates varied between questions based on
managers’ varying knowledge of different
stages of the restoration, as some were not
involved in establishment of sites in vary-
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ing parts of the restoration process. Some
respondents were anonymous, so follow-up
clarifications were not always available.

A total of 28 land managers responded to
our survey methods. Sixteen were reached
first by phone and then sent a follow-up
email survey, while the other 12 were
reached only through the emailed survey
sent to a prairie conservation group. Man-
agers covered much of the TGP region,
including the states of Illinois, Iowa,
Minnesota, Missouri, Nebraska, South
Dakota, and Wisconsin. Some responders
also recommended others to contact so
there was some clustering of responses. For
some questions, responders could provide
multiple responses, so percentages are for
the number of responders identifying that
method or option out of the total number
who responded to the question. Thus, many
categories total over 100%. Herein we
summarize the responses and review-rel-
evant literature on the effects of site
characteristics, restoration establishment,
and site management for bee conservation.

Through this survey and review, we hope to
identify significant holes in our knowledge
for restoration managers and practices that
may be more beneficial to maintaining wild
bee diversity.

Site Characteristics

Age of Restoration

The majority of restored prairie habitats,
over 60%, were established since the 1990s,
but some sites have been restored and man-
aged since the 1930s (see Table 1). Overall,
site age seems to have variable effects on
plant and bee diversity. Four studies exam-
ining TGP restorations ranging from one
to 20 years since establishment, found a
decrease in plant diversity as restored sites
age (Sluis 2002; McLachlan and Knispel
2005; Carter and Blair 2012; Hansen and
Gibson 2014). However, when compared
to remnant areas, restored areas were
found to have either the same (Carter and
Blair 2012), or significantly lower, plant

diversity (Sluis 2002; Martin et al. 2005).
In cases where the plant diversity in re-
constructed prairies was lower, many rare
plant species were absent, but this may not
significantly affect bee diversity. Although
bee diversity is known to increase with
more diverse plant communities (Hendrix
et al. 2010) little work has specifically
examined differences between bees in re-
constructed and restored remnant prairies
and how these change over time. Kwaiser
and Hendrix (2008) found bee diversity in
ruderal areas was much lower than remnant
prairie but these areas are not an adequate
comparison to reconstructed prairie areas
which have much lower plant diversity.
If older restored areas consistently lose
flower diversity, they may be less likely
to support bee populations. This may
also suggest continual management will
be necessary to prevent loss of floral and
bee diversity as sites age. Further work
examining reconstructed prairies of dif-
ferent ages is necessary to determine if
and when restoration of tallgrass prairie
peaks in bee diversity, trait diversity, or

Table 1. Summary of manager’s responses on site characteristics.
Number of
Site characteristics respondents Types % respondents
Restoration size 21 0-10 acres 28.6
11-100 acres 19.0
101-1,000 acres 14.3
1,001-10,000 acres 28.6
>10,000 acres 9.5
Restoration age 18 1930s 5.6
1970s 11.1
1980s 22.2
1990s 38.9
2000s 22.2
Previous habitat type 25 Agriculture 60.0
Pasture 44.0
Remnant prairie 32.0
Other 4.0
Surrounding landscape 25 Agriculture 60.0
Woodlands 32.0
Pasture 28.0
Remnants/Restored land 16.0
Suburban 8.0
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phylogenetic diversity. This additional
work would provide valuable insight into
how the reconstruction and restoration of
habitat affects bee diversity.

Site Size

Land managers reported that the total area
of their sites ranged from < 0.4047 km?
to > 40.47 km? (< 100 acres to > 10,000
acres), with the median restoration between
0.4087 and 4.047 km? (101 and 1000
acres), suggesting there is wide range in
the size of reconstructions (see Tablel).
In a meta-analysis across many habitat
types, bee richness and abundance consis-
tently decline with habitat loss (Winfree
et al. 2009). The effects of site size on
bee diversity, however, are dependent on
the amount of connectivity between sites,
which may explain why in some TGP
habitats site size and bee diversity were
not negatively correlated (Hopwood 2008;
Hendrix et al. 2010). Increasing connec-
tivity between sites may allow some bee
species to persist in small patches, but this
will also be dependent upon the ability of
the bee species to move between patches.
Unfortunately, a meta-analysis of function-
al traits (Williams et al. 2010) found that
large and social bee species—which are
often those that can move greater distances
(Greenleaf et al. 2007)—are more highly
affected and likely to be absent from this
highly fragmented habitat. Including trait
and phylogenetic analysis in assessments
of bee diversity could help determine if
particular bee species or groups are missing
or affected by site size in TGP habitats
(Bartomeus et al. 2013). Nonetheless, it
is still encouraging that small prairie res-
torations could be a significant benefit to
pollinator conservation given the size of
most restoration efforts. Montero-Castaiio
and Vila (2012) found that changes to sur-
rounding landscape had a more profound
effect on pollinators, most of which were
bees, than patch size, further suggesting
that patch size may not be as important
as connectivity and other factors for con-
servation efforts.

Surrounding Habitat

Most of the reconstructions were former

agricultural or pasture land (reported by
60% and 44% of respondents, respectively)
and as such, most sites were found within
an agricultural landscape. Surprisingly, few
were found near remnant prairies, with only
16% of land managers reporting this as
part of the surrounding landscape. Prairie
patches with greater amounts of grassland
in the surrounding landscape had greater
bumble bee diversity and abundance within
patches (Hines and Hendrix 2005). It is
still unknown whether this translates to
all bee species or just those that are large
enough to travel to the next nearest patch,
because the ability to travel between sites
is dependent on bee size (Greenleaf et al.
2007), the connectivity between sites, and
the distance to the next nearest habitats.
Many managers reported multiple habitat
types surrounding prairie sites, including
woodlands, remnant prairie, or suburban
habitats. Few studies have examined how
the presence of these habitat types affect
bee diversity within restored prairie areas.
A study of bees in grassland habitats did
not find any effect of urbanization, so it
is possible that sites in suburban habitats
may not be adversely affected by increasing
urbanization (Kearns and Oliveras 2009a).
Additionally, Grundel et al. (2010) found
specialist bees were more common in
open or shrubby habitat than those with
closed canopies, suggesting that woodland
habitats near prairies may not significantly
increase bee diversity. Further work is
necessary to understand the effects of
surrounding habitat on bee diversity within
prairie patches.

Site Establishment

Land Clearing and Preparation

Sixty percent of managers reported that
restored prairies began as farmland. Con-
sequently, one of the primary methods to
clear land was to harvest existing crops.
The remaining sites were cleared by till-
age, burning, or spraying with herbicides
(see Table 2). Our survey did not track the
types of crops harvested but some research
found an increase in the plant diversity in
reconstructed areas and therefore, are likely
to help increase bee diversity (Martin et
al. 2005). Tillage is generally believed to

negatively affect bees, although the direct
evidence for this is lacking (Winfree et
al. 2009) due to few studies tracking the
effects of tillage on bees (but see Shuler,
Roulston and Farris 2005). Williams et al.
(2010) found that tillage had significant
effects on presence of social bee species
and ground-nesting bees in a meta-analysis
but again the sample sizes were small and
this was not directly linked to damage to
nests. It is important to note that bee re-
sponse to tillage is dependent on the depth
of tilling, as bees on average nest more
than 17cm (Cane and Neff 2011). With
over 80% of bee families nesting predom-
inantly in soils (O’Toole and Raw 1991),
tillage has the potential to not only disrupt
existing bee nests, but to also change soil
characteristics that may be important for
encouraging nesting in restored areas. A
number of different soil characteristics are
believed to be important for ground bee
nesting including soil texture, compaction,
hardness, soil humidity and the amount
of bare ground (Cane 1991; Potts and
Willmer 1997; Wuellner 1999; Hines and
Hendrix 2005; Potts et al. 2005; Sardifias
and Kremen 2014) many of which may
be affected by tillage. Tillage is typically
only used during the establishment of sites
so is unlikely to have lasting effects once
a site is established, but it could reduce
the resident bee populations and possibly
affect bee nesting rates by altering soil
conditions. Some plant species were found
to have lower seedling density when sites
were tilled rather than mowed, which may
suggest that tilling is not beneficial for plant
establishment (Carrington 2014). Further
work is needed to better understand bee
use of sites after they are tilled, changes
in soil conditions, the length of time tillage
affects bee communities, and the effects
this has on plant establishment. Although
sparse, current information suggests that
tillage adversely affects both plant and bee
populations and should be avoided if bee
conservation is a goal of a project.

Burning is used both to clear land and as a
maintenance technique (see Tables 2, 3, and
section on Site Management) and seems
to have predominantly neutral to positive
effects on most bees in prairie and other
habitats (Potts et al. 2003; Campbell et
al. 2007; Bowles and Jones 2013). Other
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Table 2. Summary of manager’s responses on site establishment.
Number of
Site establishment respondents Types % respondents
Vegetation clearing 12 Crop harvesting 50.0
Tillage (including disking,
tilling, plowing) 41.7
Herbicides 333
Burning 333
Other 25.0
Planting method 27 Broadcast 92.6
Drilling 18.5
Plugging 11.1
Harvested from a nearby
Seed source 26 remnant 80.8
Nursery 19.2
Seed mix 20 More forbs than grass 55.0
More grasses than forbs 30.0
Even forb:grass ratio 15.0
Seed success 14 0-50% success 42.9
50-80% success 214
80—-100% success 35.7
Planting season 24 Winter 54.2
Fall 29.2
Spring 20.8

methods used to clear land, such as her-
bicides, have a largely unknown effect on
bee diversity. With the high diversity of
herbicides used in agricultural areas (nine
were reported in our survey), and with most
managers reporting multiple herbicides
used, it may not be possible to know the
full effects of each individual or combined
set of pesticides. Glyphosate, the most com-
monly reported herbicide, is used to assist
in land clearing and as part of general main-
tenance to control invasive plant species.
It has been shown to affect navigation and
beta-carotene levels in honey bees (Helmer
et al. 2014; Balbuena et al. 2015) among
other effects, although this is not likely to
be a long-term problem for bees in prairies
due to the limited use after establishment
and short persistence in soils (Syan et al.
2014). However, significant concern has
been raised about the persistence of other
agrochemicals, particularly neonicotinoids,
in the soil after a site is reconstructed
(Goulson 2013). Data are still lacking

on the effects of these chemicals on bee
presence and nesting, but TGP restorations
may be particularly at risk because much
of the habitat is being converted from corn

and soybean production, which are two of
the most common crops for neonicotinoid
use (Douglas and Tooker 2015). One major
limitation of our understanding of the ef-

Table 3. Summary of manager’s responses on site management.
Number of
Site management respondents Types % respondents
General maintenance 24 Burning 91.7
Mowing 25.0
Grazing 16.7
Haying 8.3
Season of burning 21 Fall 38.1
Spring 61.9
Winter 38.1
Summer 14.3
Frequency of burns 16 yearly 68.8
every 2—4 years 56.3
variable 18.8
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fects of agrochemicals on native pollinators
is that much of the work is conducted on
honey bees, which can have very different
responses than other species (Rundlof et al.
2015). Further work should examine the
long-term persistence of agrochemicals in
the soils and the effects they have on native
bees and ground-nesting bees in particular.

Seed Establishment

Seeds were most often harvested from near-
by restorations and remnant prairies, with
most making a specific effort to have mixes
with more forbs than grasses (see Table 2).
This suggests that many restorations will
have similar plant diversity as other local
remnant and restored prairies, which may
be very beneficial to pollinators in the land-
scape. However, this would also mean that
the landscape will likely be very homog-
enous and could limit the establishment
of rare plant species that are of particular
concern (Fiedler et al. 2012). Overharvest-
ing of seed from remnant and reconstructed
sites can also significantly affect the plant
community in those sites, and, therefore,
care needs to be taken when collecting
seed (Meissen et al. 2015). The seedbank
can contribute to maintaining diversity in
a site, but the overall contribution of the
seedbank declines as the site ages (Willand
et al. 2013), suggesting that continually
adding plants to a site may be necessary
to maintain diversity. Managers reported
using drilling, plugging, and broadcasting
(see Table 2) to establish seeds in a site.
These different seeding methods and the
season in which they are used can have
variable success at establishing plants
(Yurkonis et al. 2010; Larson et al. 2011).
In most restorations, seeds were broadcast,
which has variable success depending on
season of planting and site, with increased
forb densities observed when broadcast
during the winter (Larson etal. 2011). Most
managers acknowledged that the success of
their planting methods was less than 100%,
and often multiple methods were used to
help increase plant diversity. Efforts to
increase plant diversity could specifically
target plants that are highly preferred by
bees but little data exists on which plants
are most beneficial to pollinators (but
see Tuell et al. 2008; Harmon-Threatt

and Hendrix 2015). Harmon-Threatt and
Hendrix (2015) identified four “bee plants”
for Towa prairies that, when included in
seed mixes, should improve TGP benefits
for pollinators if plants are successfully
established. These bee plants—Amorpha
canescens Pursh, Ratibida pinnata (Vent.)
Barhnart, Dalea purpurea Vent., and Zizia
aurea (L.) W.D.J. Koch—are common
throughout the TGP ecosystem and could
also be added to other established restored
or reconstructed prairies to increase their
benefit for pollinator diversity. Successful
establishment of plant diversity is critical
to restoring bee diversity in TGP sites
and managers will likely need to make
specific efforts to ensure that plants known
to be beneficial to pollinators are present
in sites. Work in other habitats to restore
plants known to benefit pollinators has been
very successful in increasing bee diversity
(Williams et al. 2015), but more studies
are needed to assess the attractiveness of
different species of plants to a diversity
of bees, and the establishment of plant
diversity under different methods.

Site Management

Burning

Long-term management methods of prairie
restorations including burning, grazing,
mowing and haying; all are used to main-
tain floral diversity, remove woody or
invasive species and reduce weed growth.
Burning was by far the most common
method of site management, with over 90%
of managers burning with some frequency.
While burning does not directly kill most
bees nesting in the soil (Cane and Neff
2011), it is correlated with decreases in
cavity-nesting bee species that rely on
available twigs and stems for nesting habi-
tat (Davis et al. 2008; Williams et al. 2010).
To help preserve diversity of cavity-nesting
species, it will be important to prevent
burning entire sites. Burning is often done
in a rotational manner with only some
patches burned during a single year. These
patchy burns create a more heterogeneous
landscape, which is known to benefit many
bee species in other habitats (Potts et al.
2003, 2005; Williams et al. 2010), and is
likely to help cavity-nesting bees persist

in the habitat. The overall effect of fire
on bees is still poorly understood as there
are few studies that have examined them
specifically (Winfree et al. 2009; Williams
et al. 2010). Furthermore, most of these
studies were conducted in Mediterranean
landscapes that have a very low fire fre-
quency and, thus, are unlikely to relate to
TGP habitat (Williams et al. 2010). The
studies that found an increase in bees after
fire predominantly attributed the increase
to changes in floral availability and nesting
sites (Potts et al. 2003, 2005). However,
this increase in resources may depend on

the time of burning.

To better understand the timing of fire, we
asked follow-up questions about season
and frequency of burning. This revealed
that fire frequency was dependent on the
age of the restoration, with some managers
using fire yearly during the creation and
establishment of a site and then every
2—4 years for maintenance (see Table 3).
The majority of prescribed burning was
reported to occur during winter and early
spring when bees are largely inactive, but
the timing and frequency of burns seem to
have a significant effect on plant diversity
and community heterogeneity (Collins
1992; Bowles and Jones 2013), with reg-
ular burnings increasing prairie diversity.
However, some managers mentioned that
spring burns, conducted by almost 62%
of managers, shifted the community to be
grass dominated, which could significant-
ly affect bee communities by decreasing
plant availability. This shift in community
composition to grasses with less forb di-
versity was also observed by Towne and
Craine (2014), which strongly suggests
spring burning could negatively affect bee
diversity. To date, season of burn has not
been linked to bee diversity, but fire timing
and frequency could significantly affect
the types of bee species in a site, as yearly
burns during establishment could exclude
cavity-nesting bees. With burning being
the most common method used to manage
sites, and few documented negative effects,
this management may be very beneficial to
bees; however, further work is needed to
better understand the relationship between
fire, plants, and bees in the TGP ecosystem.
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Mowing and Haying

Burning is often accompanied by other
management methods, such as mowing
and haying, which seem to improve bee
diversity in other non-prairie habitats
(Weiner et al. 2011; Hudewenz et al.
2012). This may be mediated by changes
in abiotic conditions that favor native plant
diversity, while reducing invasive species
cover (Gibson et al. 2011) and increasing
bee nesting resources (Campbell et al.
2007). The response of bees and plants to
mowing and haying will likely depend on
the timing of these activities, as sites that
were mowed more regularly had signifi-
cantly lower native forb diversity (Prevéy
et al. 2014). There is some concern that
mowing, and similarly, haying, could re-
move flowering heads before they scatter
seeds if not timed properly, and in some
cases were shown to negatively affect forb
diversity (Smart et al. 2013). Mowing and
haying will also remove most older stems,
which will negatively affect nesting habitat
for cavity-nesting bees. Thus, mowing and
haying may negatively affect pollinators.
Direct comparisons between burning,
haying, and mowing would be beneficial
to identify if one method is superior to the
others for bee diversity.

Grazing

Although grazing, like haying and mow-
ing, can increase bare ground availability
and plant diversity, which are good for
ground-nesting bees, under most graz-
ing regimes bee diversity is negatively
correlated with grazing intensity (Kruess
and Tscharntke 2002; Kearns and Oliveras
2009b; Kimoto et al. 2012). Similar ef-
fects were found on both Hymenoptera
and other insect species in grazed sites
in Europe and the Southwestern United
States (Soderstrom et al. 2001; Debano
2006). The response to grazing, however,
seems dependent on the type of bee and the
grazing conditions. Kimoto et al. (2012)
found sweat bees were largely unaffected,
whereas bumble bees were significantly
reduced in abundance and diversity in
grazed areas. Carvell (2002) found bumble
bees to be unaffected by grazing under
certain conditions and in suitably large

patches. These studies were performed in
non-TGP habitat, so further work is neces-
sary to better understand whether grazing
significantly affects bee diversity in TGP.
It is important to note that most of the
studies and grazing in TGP are cattle based,
which some managers mentioned is likely
to be very different from the bison grazing
it is meant to imitate. Although previous
work found bison and cattle grazing sites
were 85% similar in plant community,
the observed small scale differences in
plant richness and diversity (Towne et al.
2005) could significantly affect bees that
have low mobility. Bison grazing can help
increase rare plant species (Wilsey and
Martin 2015), as well as landscape level
heterogeneity (McMillan et al. 2011; Kohl
et al. 2013), which could be important to
bee diversity. Future studies should investi-
gate differences in bison and cattle grazing
on bee diversity mediated by differences
in plant diversity.

Invasive Plant Species

Many managers mentioned that manage-
ment was primarily conducted to limit
invasive species. A number of grasses and
legumes, such as sweet and red clovers
(Melilotus officinalis Pall. and Trifolium
pretense L.), and birdsfoot trefoil (Lotus
corniculatus L.), were identified as being
particular targets for management. It is
important to note that some previous work
(Fiedler et al. 2012) on invasive species
removal in prairie restoration had no effect
on bee diversity, which quickly rebounded
after removal of glossy buckthorn, Fran-
gula alnus L. However, this result may
not translate to the removal of all invasive
species if they provide vital resources to
bee species (Roulston and Goodell 2011).
Many invasive species can be beneficial to
bees (Tepedino et al. 2008), and removal
of them could hurt conservation efforts
unless adequate nutritional replacements
are quickly restored. Given that many of
the species that managers identified were
legumes, which tend to offer high quality
pollen (Weiner et al. 2010) and can be very
attractive to bees, habitat losses in the TGP
of these invasive species may be of particu-
lar concern for bee conservation. Managers
may need to more critically consider how

to increase high quality forage, such as
native legumes, to replace invasive plant
species that are being removed.

While investigating these maintenance
methods independently can provide in-
sight into how bees respond to specific
management techniques, it is important
to note that managers often use these
methods in combination. Significant in-
teractions between different methods have
been observed to affect bees negatively
by Campbell et al. (2007) in a forested
landscape and Hudewenz et al. (2012)
in intensively managed grasslands. Thus,
there may be similar interactions in TGP
restorations, and managers may need to
consider management intensity when
planning for pollinators. Further research
in this ecosystem is necessary to better
understand how different methods interact
to affect bee diversity in TGP.

CONCLUSIONS

Habitat restoration is consistently recom-
mended as the primary method to limit
the continual decline of pollinators (Dixon
2009; Potts et al. 2010; Winfree 2010).
While non-target restoration can be effec-
tive at conserving pollinators (Williams
2011), it is imperative that we assess the
methods used to restore and maintain land
to maximize the benefit of restored areas to
bee conservation. If bee conservation is to
be either a primary aim or a secondary ben-
efit of restoration projects, more research
is needed to understand how bees respond
to many of the most common practices
conducted to restore habitat. Research in
these areas will allow us to identify prac-
tices that may be the least detrimental to
establishment and persistence of bees in
prairie restorations.

While managers have little control over
existing site characteristics, such as sur-
rounding habitat, age, or previous habitat
type—all of which may affect bee diversity
within a site—they can control the methods
used to establish and manage habitat. For
example, tillage and herbicides, which are
commonly used to clear land, are known to
disrupt existing nests (Shuler et al. 2005)
and potentially affect navigation for some
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species (Balbuena et al. 2015). Whether
these patterns apply broadly to most bees is
still largely unknown. Thus, it is important
to expand research to more bee species to
understand how many of the management
methods affect bee diversity in general
rather than one species in particular.

Plant diversity in tallgrass prairie is likely
to be one of the most important features
of restored habitats to helping increase bee
diversity. But some of the most common
methods used to establish plants, such as
broadcasting, which is used by over 92%
of managers, are known to have variable
success rates dependent on season and site
(Larson et al. 2011). If increasing forb
diversity is most important for bees, it
will be important to broadcast during the
winter, which is currently done in about
half of sites, and possibly to continuously
add seed or to drill plant species known to
be important for bees. More data on plants
that are important for bee diversity are
likely to be very important to improving
these efforts.

Maintenance of the restored areas will also
be critical to maintaining plant diversity
and encouraging bee diversity. Over 90%
of managers reported burning their sites,
which is important for increasing forb
diversity. Burning, which can adversely
affect cavity-nesting bees, is expected to
be good for bee diversity in general by
increasing plant diversity and clearing

plant debris. Nonetheless, burn intervals
may be very important for creating a het-
erogeneous landscape; however, to date
there has been little work to determine
if there is an optimal burn frequency that
allows cavity nesting bee species to persist,
encourages plant growth, and clears land
for ground-nesting bees. Other mainte-
nance methods like mowing and haying
are largely unexplored and many questions
remain about the efficacy of cattle grazing
(used by almost 17% of respondents) for
helping to maintain bee diversity.

With only 11% of managers explicitly con-
sidering bees in the restoration process (see
Table 4), many restoration decisions could
inadvertently do more harm than good.
Given the holes in our knowledge presented
here, even managers who are attempting
to consider bees during restoration may
not have the information needed to make
the best decisions for bees. Restoring land
specifically for bees is especially important,
given that previous studies examining both
butterflies and bees in TGP found that
they were negatively correlated, so efforts
to target one species cannot appreciably
spillover to the other (Davis et al. 2008).
This is particularly alarming as more easily
identified and charismatic species, such as
butterflies, may be inappropriately used as
surrogates for habitat suitability for bees.
More targeted monitoring of bees would as-
sist with identifying the effects of particular
restoration methods. Unfortunately, only

about one-third of all managers reported
monitoring insects at all, with butterflies
being the most monitored group. This bias
in sampling further supports the need for
monitoring bee diversity in restored and
remnant habitat to better quantify the
potential benefit of TGP restoration to
bee conservation efforts. Many managers
mentioned a desire to increase monitoring if
time and funding permitted, which suggests
that partnerships with other universities or
agencies could significantly help increase
bee monitoring efforts.

Increased monitoring could also help fill
some of the significant knowledge gaps
that exist in bee responses to management
of TGP. While many studies in other hab-
itats can suggest general bee responses,
we advocate for more ecosystem specific
sampling, as the ecological and evolution-
ary history of bees and plants are very
different between habitats. For example,
much of the work on fire and bees was
conducted in Mediterranean habitats where
fire is infrequent and plant communities
are predominantly shrubs (Ne’eman et al.
2000; Potts et al. 2003, 2005). This habitat
is unlikely to be very similar to TGP, where
fire was historically frequent and forbs are
the dominant flowering plants. Even within
TGP, different microclimates seem to affect
how plants respond to fire (Bowles and
Jones 2013), so across this vast region there
may be significantly different responses

Table 4. Summary of manager’s responses on site monitoring.
Number of
Site monitoring respondents Types % respondents
Monitoring 20 Some monitoring 80.0
Regular monitoring 20.0
No monitoring 20.0
Groups monitored 15 Plants 100.0
Insects 333
Birds 13.3
Other 13.3
Consideration of bee needs 18 No 55.6
Only generally 333
Specifically 11.1
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of communities to fires and management
methods. Therefore, although many more
studies exist on bees and response to some
of these methods, we resist making broad
comparisons and hope to simply highlight
some of the known response of bees and
link them to some common methods in
TGP habitat.

Lastly, although presented separately, it is
likely that the methods used to restore and
maintain habitat interact with one another
and have combined effects on bee and plant
diversity. While this will be very difficult
to assess, it may be important to consider
for bee conservation as particular combina-
tions may be more or less harmful to bees.
In general, the TGP habitat has not been
extensively studied for bee responses to
management and further work is needed in
this area to develop a suite of practices that
can be widely applied across the region.

ACKNOWLEDGMENTS

We thank Bill Glass, Chris Helzer, Jeb
Barzen, Jay Stacy, Randy Arndt, Ted An-
chor, Brad Herrick, Bruce Shuette, Kent
Pfeiffer, Andy Thomas, William Sluis,
Richard Henderson, Mark Ustuen, Erin
Irish, Don Gardner, Dave Crawford, and 12
anonymous managers for their participation
in the survey. The authors also thank Ste-
phen Hendrix, two anonymous reviewers,
and the handling editor for comments that
improved the manuscript.

Alexandra N. Harmon-Threatt is an Assis-
tant Professor at the University of Illinois,
Urbana-Champaign, in the Department of
Entomology. Her research focuses on the
ecology and conservation of native polli-
nators in natural landscapes and pollinator

responses to disturbances.

Kristen Chin recently earned her BA in
Environmental Policy from Washington
University in St. Louis, where she worked
in the Knight Lab studying Environmental
Biology for three years. While there, she
researched native bee species and prairie
ecology under Dr. Alex Harmon-Threatt.
Currently, she resides in Boston, where she
works for ProfitBricks, a local tech start-up.

LITERATURE CITED

Balbuena, M.S., L. Tison, M.-L. Hahn, U. Greg-
gers, R. Menzel, and W.M. Farina. 2015.
Effects of sublethal doses of glyphosate on
honeybee navigation. Journal of Experimen-
tal Biology 218:2799-805.

Bartomeus, 1., J.S. Ascher, J. Gibbs, B.N.
Danforth, D.L. Wagner, S.M. Hedtke, and
R. Winfree. 2013. Historical changes in
northeastern US bee pollinators related to
shared ecological traits. Proceedings of the
National Academy of Sciences of the United
States of America 110:4656-60.

Bowles, M.L., and M.D. Jones. 2013. Re-
peated burning of eastern tallgrass prairie
increases richness and diversity, stabilizing
late successional vegetation. Ecological
Applications 23:464-478.

Campbell, J., J. Hanula, and T. Waldrop. 2007.
Effects of prescribed fire and fire surrogates
on floral visiting insects of the blue ridge
province in North Carolina. Biological
Conservation 134:393-404.

Cane, J.H. 1991. Soils of ground-nesting bees
(Hymenoptera : Apoidea): Texture, mois-
ture, cell depth and climate. Journal of the
Kansas Entomological Society 64:406-413.

Cane, J.H., and J.L. Neff. 2011. Predicted fates
of ground-nesting bees in soil heated by
wildfire: Thermal tolerances of life stages
and a survey of nesting depths. Biological
Conservation 144:2631-2636.

Carrington, ML.E. 2014. Seed size and recruit-
ment limitation influence seedling establish-
ment in three tallgrass prairie species. Plant
Ecology 215:1163-1172.

Carter, D.L., and J.M. Blair. 2012. Recovery
of native plant community characteristics
on a chronosequence of restored prairies
seeded into pastures in west-central lowa.
Restoration Ecology 20:170-179.

Carvell, C. 2002. Habitat use and conservation
of bumblebees (Bombus spp.) under different
grassland management regimes. Biological
Conservation 103:33-49.

Clewell, A., J. Rieger, and J. Munro. 2005.
Guidelines for developing and managing
ecological restoration projects. Society for
Ecological Restoration International 1:1-15.

Collins, S.L. 1992. Fire frequency and com-
munity heterogeneity in tallgrass prairie
vegetation. Ecology 73:2001-2006.

Davis, J.D., S.D. Hendrix, D.M. Debinski, and
C.J. Hemsley. 2008. Butterfly, bee and forb
community composition and cross-taxon
incongruence in tallgrass prairie fragments.
Journal of Insect Conservation 12:69-79.

Debano, S.J. 2006. Effects of livestock graz-
ing on aboveground insect communities

in semi-arid grasslands of southeastern
Arizona. Biodiversity and Conservation
15:2547-2564.

Dixon, K.W. 2009. Pollination and restoration.
Science 325:571-3.

Douglas, M.R., and J.F. Tooker. 2015. Large-
scale deployment of seed treatments has
driven rapid increase in use of neonicotinoid
insecticides and preemptive pest manage-
ment in US field crops. Environmental
Science and Technology 49:5088-97.

Fiedler, A.K., D.A. Landis, and M. Arduser.
2012. Rapid shift in pollinator communities
following invasive species removal. Resto-
ration Ecology 20:593-602.

Gibson, D.J., J. Urban, and S.G. Baer. 2011.
Mowing and fertilizer effects on seedling
establishment in a successional old field.
Journal of Plant Ecology 4:157-168.

Goulson, D. 2013. An overview of the envi-
ronmental risks posed by neonicotinoid
insecticides. Journal of Applied Ecology
50:977-987.

Greenleaf, S.S., N.M. Williams, R. Winfree, and
C. Kremen. 2007. Bee foraging ranges and

their relationship to body size. Oecologia
153:589-96.

Grundel, R., R.P. Jean, K.J. Frohnapple, G.A.
Glowacki, PE. Scott, and N.B. Pavlovic.
2010. Floral and nesting resources, habitat
structure, and fire influence bee distribution
across an open-forest gradient. Ecological
Applications 20:1678-92.

Hansen, M.J., and D.J. Gibson. 2014. Use of
multiple criteria in an ecological assessment
of a prairie restoration chronosequence.
Applied Vegetation Science 17:63-73.

Harmon-Threatt, A.N., and S.D. Hendrix. 2015.
Prairie restorations and bees: The potential
ability of seed mixes to foster native bee
communities. Basic and Applied Ecology
16:64-72.

Helmer, S.H., A. Kerbaol, P. Aras, C. Jumarie,
and M. Boily. 2014. Effects of realistic doses
of atrazine, metolachlor, and glyphosate on
lipid peroxidation and diet-derived antioxi-
dants in caged honey bees (Apis mellifera).
Environmental Science and Pollution Re-
search 22:8010-8021.

Hendrix, S.D., K.S. Kwaiser, and S.B. Heard.
2010. Bee communities (Hymenoptera:
Apoidea) of small Towa hill prairies are as
diverse and rich as those of large prairie
preserves. Biodiversity and Conservation
19:1699-1709.

Hines, H.M., and S.D. Hendrix. 2005. Bum-
ble bee (Hymenoptera: Apidae) diversity
and abundance in tallgrass prairie patches:
Effects of local and landscape floral resourc-
es. Community and Ecosystem Ecology
34:1477-1484.

Volume 36 (4), 2016

Downloaded From: https://bioone.org/journals/Natural-Areas-Journal on 09 May 2024
Terms of Use: https://bioone.org/terms-of-use

Natural Areas Journal 407



Hopwood, J.L. 2008. The contribution of
roadside grassland restorations to native
bee conservation. Biological Conservation
141:2632-2640.

Hudewenz, A., A.M. Klein, C. Scherber, L.
Stanke, T. Tscharntke, A. Vogel, A. Weigelt,
W.W. Weisser, and A. Ebeling. 2012. Herbi-
vore and pollinator responses to grassland
management intensity along experimental
changes in plant species richness. Biological
Conservation 150:42-52.

Kearns, C.A., and D.M. Oliveras. 2009a. Boul-
der County Bees revisited: A resampling
of Boulder Colorado bees a century later.
Journal of Insect Conservation 13:603-613.

Kearns, C.A., and D. Oliveras. 2009b. Envi-
ronmental factors affecting bee diversity in
urban and remote grassland plots in Boulder,
Colorado. Journal of Insect Conservation
13:655-665.

Kimoto, C., S.J. DeBano, R.W. Thorp, R.V.
Taylor, H. Schmalz, T. DelCurto, T. Johnson,
PL. Kennedy, and S. Rao. 2012. Short-
term responses of native bees to livestock
and implications for managing ecosystem
services in grasslands. Ecosphere 3:art88.

Klein, A.-M., B.E. Vaissicre, J.H. Cane, 1.
Steffan-Dewenter, S.A. Cunningham, C.
Kremen, and T. Tscharntke. 2007. Impor-
tance of pollinators in changing landscapes
for world crops. Proceedings of the Royal
Society B: Biological Sciences 274:303-313.

Knight, TM., J.A. Steets, J.C. Vamosi, S.J.
Mazer, M. Burd, D.R. Campbell, M.R.
Dudash, M.O. Johnston, R.J. Mitchell, and
T.-L. Ashman. 2005. Pollen limitation of
plant reproduction: Patterns and process.
Annual Review of Ecology, Evolution, and
Systematics 36:467-497.

Kohl, M.T., PR. Krausman, K. Kunkel, D.M.
Williams, C. Boone, B. Fellow, and C.
Program. 2013. Bison versus cattle: Are
they ecologically synonymous? Rangeland
Ecology and Management 6:721-731.

Kruess, A., and T. Tscharntke. 2002. Contrast-
ing responses of plant and insect diversity
to variation in grazing intensity. Biological
Conservation 106:293-302.

Kwaiser, K.S., and S.D. Hendrix. 2008. Diver-
sity and abundance of bees (Hymenoptera:
Apiformes) in native and ruderal grasslands
of agriculturally dominated landscapes.
Agriculture, Ecosystems and Environment
124:200-204.

Larson, D.L., J. Bright, P. Drobney, J.L.. Larson,
N. Palaia, P.A. Rabie, S. Vacek, and D. Wells.
2011. Effects of planting method and seed
mix richness on the early stages of tallgrass
prairie restoration. Biological Conservation
144:3127-3139.

Martin, L.M., K.A. Moloney, and B.J. Wilsey.

2005. An assessment of grassland restoration
success using species diversity components.
Journal of Applied Ecology 42:327-336.

McLachlan, S.M., and A.L. Knispel. 2005.
Assessment of long-term tallgrass prairie
restoration in Manitoba, Canada. Biological
Conservation 124:75-88.

McMillan, B.R., K.A. Pfeiffer, and D.W.
Kaufman. 2011. Vegetation responses to
an animal-generated disturbance (bison
wallows) in tallgrass prairie. The American
Midland Naturalist 165:60-73.

Meissen, J.C., S.M. Galatowitsch, and M.W.
Cornett. 2015. Risks of overharvesting seed
from native tallgrass prairies. Restoration
Ecology 23:882-891.

Montero-Castafio, A., and M. Vila. 2012. Im-
pact of landscape alteration and invasions
on pollinators: A meta-analysis. Journal of
Ecology 100:884-893.

Ne’eman, G., A. Dafni, and S.G. Potts. 2000.
The effect of fire on flower visitation rate
and fruit set in four core-species in east
Mediterranean scrubland. Plant Ecology
146:97-104.

Ollerton, J., R. Winfree, and S. Tarrant. 2011.
How many flowering plants are pollinated
by animals? Oikos 120:321-326.

O’Toole, C., and A. Raw. 1991. Bees of the
World, Third ed. Blandford Publishing,
London.

Pollinator Health Task Force. 2015. National
strategy to promote the health of honey
bees and other pollinators. Washington, DC.

Potts, S.G., J.C. Biesmeijer, C. Kremen, P.
Neumann, O. Schweiger, and W.E. Kunin.
2010. Global pollinator declines: Trends,
impacts and drivers. Trends in Ecology and
Evolution 25:8.

Potts, S.G., B. Vulliamy, A. Dafni, G. Ne’eman,
C.O’Toole, S. Roberts, and P. Willmer. 2003.
Response of plant-pollinator communities to
fire: Changes in diversity, abundance and
floral reward structure. Oikos 101:103-112.

Potts, S.G., B. Vulliamy, S. Roberts, C. O’ Toole,
A.Dafni, G. Ne’eman, and P. Willmer. 2005.
Role of nesting resources in organising
diverse bee communities in a Mediterra-
nean landscape. Ecological Entomology
30:78-85.

Potts, S.G., and P. Willmer. 1997. Abiotic and
biotic factors influencing nest-site selection
by Halictus rubicundus, a ground-nesting
halictine bee. Ecological Entomology
22:319-328.

Prevéy, J.S., D.G. Knochel, and T.R. Seastedt.
2014. Mowing reduces exotic annual grasses
but increases exotic forbs in a semiarid
grassland. Restoration Ecology 22:774-781.

Roulston, T.H., and K. Goodell. 2011. The role

of resources and risks in regulating wild bee
populations. Annual review of entomology
56:293-312.

Rundlof, M., G.K.S. Andersson, R. Bommarco,
1. Fries, V. Hederstrom, L. Herbertsson, O.
Jonsson, B.K. Klatt, T.R. Pedersen, J. Your-
stone, and H. G. Smith. 2015. Seed coating
with a neonicotinoid insecticide negatively
affects wild bees. Nature 521:77-80.

Samson, F., and F. Knopf. 1994. Prairie con-
servation in North America. BioScience
44:418-421.

Samson, F.B., EL. Knopf, and W.R. Ostlie.
2004. Great Plains ecosystems: Past, pres-
ent, and future. Wildlife Society Bulletin
32:6-15.

Sardifias, H.S., and C. Kremen. 2014. Evaluat-
ing nesting microhabitat for ground-nesting

bees using emergence traps. Basic and
Applied Ecology 15:161-168.

Shuler, R.E., T.H. Roulston, and G.E. Farris.
2005. Farming practices influence wild
pollinator populations on squash and
pumpkin. Journal of Economic Entomology
98:790-795.

Sluis, W.J. 2002. Patterns of species richness

and composition in re-created grassland.
Restoration Ecology 10:677-684.

Smart, A.J., T.K. Scott, S.A. Clay, D.E. Clay,
M. Ohrtman, and E.M. Mousel. 2013. Spring
clipping, fire, and simulated increased
atmospheric nitrogen deposition effects
on tallgrass prairie vegetation. Rangeland
Ecology and Management 66:680-687.

Society for Ecological Restoration International
and IUCN Commission on Ecosystem Man-
agement. 2004. Ecological Restoration, a
Means of Conserving Biodiversity and Sus-
taining Livelihoods. Society for Ecological
Restoration International, Tucson, Arizona,
USA, and IUCN, Gland, Switzerland.

Soderstrom, B., B. Svensson, K. Vessby, and
A. Glimskér. 2001. Plants, insects and birds
in semi-natural pastures in relation to local
habitat and landscape factors. Biodiversity
and Conservation 10:1839-1863.

Syan, H.S., S.O. Prasher, D. Pageau, and J.
Singh. 2014. Dissipation and persistence of
major herbicides applied in transgenic and
non-transgenic canola production in Quebec.
European Journal of Soil Biology 63:21-27.

Tepedino, V., B. Bradley, and T.L. Griswold.
2008. Might flowers of invasive plants
increase native bee carrying capacity? Inti-
mations from Capitol Reef National Park,
Utah. Natural Areas Journal 28:44-50.

Towne, E.G., and J.M. Craine. 2014. Ecological
consequences of shifting the timing of burn-
ing tallgrass prairie. PloS ONE 9:e103423.

408 Natural Areas Journal

Downloaded From: https://bioone.org/journals/Natural-Areas-Journal on 09 May 2024
Terms of Use: https://bioone.org/terms-of-use

Volume 36 (4), 2016



Towne, E.G., D.C. Hartnett, and R.C. Cochran.
2005. Vegetation trends in tallgrass prairie
from bison and catlle grazing. Ecological
Applications 15:1550-1559.

Tuell, J.K., A.K. Fiedler, D. Landis, and R.
Isaacs. 2008. Visitation by wild and managed
bees (Hymenoptera : Apoidea) to eastern
U.S. native plants for use in conservation
programs. Environmental Entomology
37:707-718.

Weiner, C.N., A. Hilpert, M. Werner, K.E. Lin-
senmair, and N.B. Bluthgen. 2010. Pollen
amino acids and flower specialisation in
solitary bees. Apidologie 41:476-487.

Weiner, C.N., M. Werner, K.E. Linsenmair,
and N. Bliithgen. 2011. Land use intensity
in grasslands: Changes in biodiversity,
species composition and specialisation in
flower visitor networks. Basic and Applied
Ecology 12:292-299.

Willand, J.E., S.G. Baer, D.J. Gibson, and R.P.
Klopf. 2013. Temporal dynamics of plant

community regeneration sources during
tallgrass prairie restoration. Plant Ecology
214:1169-1180.

Williams, N.M. 2011. Restoration of nontarget
species: Bee communities and pollination
function in riparian forests. Restoration
Ecology 19:450-459.

Williams, N.M., E.E. Crone, T.H. Roulston,
R.L. Minckley, L. Packer, and S.G. Potts.
2010. Ecological and life-history traits pre-
dict bee species responses to environmental
disturbances. Biological Conservation
143:2280-2291.

Williams, N.M., K.L. Ward, N. Pope, R. Isaacs,
J. Wilson, E.A. May, J. Ellis, J. Daniels,
A. Pence, K. Ullmann, and J. Peters. 2015.
Native wildflower plantings support wild
bee abundance and diversity in agricultural
landscapes across the United States. Ecolog-
ical Applications 25:2119-2131.

Wilsey, B.J., and L.M. Martin. 2015. Top-down
control of rare species abundances by native

ungulates in a grassland restoration. Resto-
ration Ecology 23:465-472.

Winfree, R. 2010. The conservation and resto-
ration of wild bees. Annals of the New York
Academy of Sciences 1195:169-97.

Winfree, R., R.R. Aguilar, D.P. Vazquez, G.
LeBuhn, and M.A. Aizen. 2009. A me-
ta-analysis of bees’ responses to anthropo-
genic disturbance. Ecology 90:2068-2076.

Wauellner, C.T. 1999. Nest site preference and
success in a gregarious, ground-nesting
bee Dieunomia triangulifera. Ecological
Entomology 24:471-479.

Young, T.P. 2000. Restoration ecology and

conservation biology. Biological Conser-
vation 92:73-83.

Yurkonis, K.A., B.J. Wilsey, K.A. Moloney, P.
Drobney, and D.L. Larson. 2010. Seeding
method influences warm-season grass abun-
dance and distribution but not local diversity
in grassland restoration. Restoration Ecology
18:344-353.

Appendix. Non-interactive sample of online survey.

information is strictly confidential.

Sincerely,
Kristen

General Questions about Plot

0 Cropland

o Poor restorations
0 Old pasture

0 Other:

Type of prairie:

Survey on Tallgrass Prairie Reconstruction and Management

Hello, and thank you for participating in this survey. My name is Kristen Chin and I am currently writing a review with Dr.
Alex Harmon-Threatt about prairie restoration and maintenance and their impacts on solitary bees. Dr. Harmon-Threatt and
I are researching all of the different aspects of prairie restoration--from clearing techniques to plant diversity to post-resto-
ration monitoring and maintenance--and attempting to draw a conclusion about their effects on the solitary bees that live in
remnants. When maintaining prairies, for example, although fire may cause an immediate decrease in bee population it can
also lead to increased bee abundance and diversity in the long run. The survey should take no longer than 15-20 minutes and
your answers will help us collect data on current restorations and their management. If you have any questions about this
project, feel free to type your question into the last answer box with a name and email for me to reach you at. All personal

Thank you for your time and best of luck this season!

PLEASE NOTE: Some of these questions ask for seed mix ratios/specific amounts of seed--if you don’t have an exact ratio,
any sort of estimate, or something along the lines of “Heavy on the forbs” is equally as helpful. Thank you!

What kind of land do your restorations take place on?

What types of invasives were present before clearing the land?
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Appendix (Continued). Non-interactive sample of online survey.

Survey on Tallgrass Prairie Reconstruction and Management (Cont’d)

Describe the surrounding landscape of your restoration.

If you are taking the survey in regards to one restoration site, in what year did you begin the restoration?
Size of plot:

Planting Methods

0 Hand broadcast

0 Mechanical broadcast
0 Plugs

0 Drill

0 Other:

Seeds per acre (in lbs)

o 1-5 Ibs/acre

o 5-10 Ibs/acre
0 15-20 Ibs/acre
0 Other:

Estimation of the forb to grass ratio of seed mix?

Where do you get your seeds from?

o 0-50 mi. radius

o 50-100 mi. radius
0 >100 mi. radius
0 Supplier

If you marked “Supplier,” please list the name of the seed company and any commonly used mixes.

In what season do you plant the seed mix?

0 Winter

0 Early spring
0 Fall

0 Other:

Are there any invasive species that you feel have become more aggressive/are newly established since restoration began?

Please list the forbs that you feel are most important to the seed mix. If possible, try to indicate relative amounts and any
other considerations regarding seedling amounts of forbs.

Please list the grasses that you feel are most important to the seed mix. If possible, try to indicate relative amounts and any
other considerations regarding seedling amounts of grasses.

Do you have an percent estimate of your success rate of seedling establishment?

0 <25%

o 25-50%
o 50-75%
o 75-100%

Can you give a separate percentages of the success rate of establishment you observe in forb seedlings versus grass seedlings?
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Appendix (Continued). Non-interactive sample of online survey.

Maintaining the Prairie (Cont’d)

What methods do you use to maintain the prairie once the seed has been planted?
Burning

Mowing

Grazing

Haying

Weeding (includes mechanical and manual weeding and use of pesticides)
Reseeding

© © O 0 O ©

In what season/what months do you apply these methods?

If you practice rotational burning/grazing, please explain the way in which you have divided the restoration and the frequency
at which you apply these methods.

How have these methods changed in frequency and intensity over time?

Do you/how often do you reseed?

Monitoring

Do you continue to monitor the prairie after having planted seed and helped it to establish? What do you monitor (eg: insects,
birds, plants, etc)

Is there any pollinator-specific monitoring?
o Yes
o No

Are there any general trends amongst plants/animals that you have noticed since restoring the prairie?

Are bees taken into consideration as prairies undergo reconstruction?

Any Additional Questions or Concerns

Submit
Never submit passwords through Google Forms.
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