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Abstract

Carolina bays are depression wetlands of high conserva-
tion value that occur across the Southeastern Coastal
Plain of the United States. Venus flytrap (Dionaea musci-
pula) is one rare carnivorous plant that grows in open
habitats on the rims of Carolina bays. Without frequent
burning, vegetation on bay rims becomes dominated by
evergreen shrubs and Venus flytrap populations decline.
This project examined the utility of mechanical mowing,
soil clearing, transplanting, and seeding as an approach to
restoring populations of Venus flytraps when fire is pre-
cluded. Mowing of patches on bay rims produced open
sites with little ground-layer vegetation. After two grow-
ing seasons, adult Venus flytraps transplanted to mowed
patches showed high survivorship and relatively high leaf
number/plant. Suppressed Venus flytraps existing on-site
quickly initiated growth in response to mowing. These

volunteers and the transplants had higher flowering
percentages than plants in reference populations. Seeds of
Venus flytraps were scattered in mowed and cleared plots.
Seedling establishment was low, but seedlings persisted
into the second growing season. Mowing created suitable
habitat for growth and flowering of adult Venus flytraps
and facilitated establishment of two other carnivorous
species, Sundew (Drosera capillaris) and Bladderwort
(Utricularia subulata). But, mowing and clearing also
facilitated invasion by four species of grasses and rushes;
evergreen shrubs resprouted quickly after mowing. Main-
taining persistent openings by mowing the rims of Caroli-
na bays will be an ongoing challenge due to availability of
potential invaders and rapid regrowth of shrubs.

Key words: carnivorous plant, Carolina bay, mowing, rare
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Introduction

Carolina bays are unique wetland ecosystems occurring
across the Southeastern Coastal Plain of the United
States. They are characterized as shallow, isolated, ellipti-
cal, depression wetlands with well-defined borders
(Fig. 1). Although Carolina bays have similar shape and
orientation, they are extremely variable in size, depth, soil
type, and vegetation (Sharitz & Gibbons 1982; Sharitz
2003). Carolina bays were historically viewed as potential
sites for agriculture and thus many show evidence of log-
ging, tillage, or ditching (Sharitz 2003). As wetlands, Caro-
lina bays were afforded some legal protection under the
Clean Water Act, but recent court challenges to that act
have greatly weakened this protection (Sharitz 2003).
There is now renewed interest in understanding and
restoring Carolina bays before they are irreversibly dam-
aged (Kirkman et al. 1999).

Many Carolina bays support vegetation dominated by
evergreen shrubs and thus the bays are considered as
a type of shrub bog (Sharitz & Gibbons 1982). As is the
case with other wetland systems (Gosz 1991), the ecotone

between Carolina bays and adjacent uplands is a zone of
high species richness due to mixing of populations from
two distinct habitats (Kirkman et al. 1998). Furthermore,
the ecotone between Carolina bays and pine savannas is
an important area for plant speciation (LeBlond 2001)
and for migration of various vertebrate species (Sharitz &
Gibbons 1982).

In South Carolina, Carolina bays are focal points of
several large nature preserves due to the guild of carnivo-
rous plants that grow near the bays. Prescribed burning
has been used in these preserves to reduce shrub stature,
to direct succession, to stimulate seed germination, to
remove accumulations of detritus, and to create open sites
conducive to establishment and growth of herbaceous
plants. This management approach is based on the under-
standing that the Southeastern Coastal Plain landscape
was historically influenced by a high-frequency fire regi-
men (Wells & Whitford 1976; Gray et al. 2003) and that
fire interacts with hydrology to control many aspects of
plant community composition (Kirkman 1995; De Steven
& Toner 2004).

In the absence of fire or management activities that
mimic fire, many carnivorous plants in shrub-dominated
wetlands of the southeastern United States are eliminated
due to a combination of shading from shrubs and burial
by litter (Brewer 1998, 1999). In the case of the Venus fly-
trap, development of shrub-dominated vegetation may
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also lead to reduced availability of large insects that pro-
vide nutrition necessary for plants to reach flowering size
(Schulze et al. 2001). Although the Venus flytrap evolved
under a high-frequency fire regimen (Roberts & Oosting
1958) and frequent prescribed burning has been identified
as a critical management approach (Gray et al. 2003), the
regular, planned application of prescribed fire is becoming
increasingly difficult as a result of liability concerns (Yoder
et al. 2004). As such, the Venus flytrap and many other
endemic species associated with the Southeast Coastal
Plain landscape are vulnerable to extinction (Edwards &
Weakley 2001) and are now the subject of restoration
efforts (Glitzenstein et al. 2001). These restoration efforts
involve both plant introduction and management methods
that mimic the effects of fire on community development.

This article describes the results of a project conducted
at Lewis Ocean Bay Heritage Preserve (LOBHP), South
Carolina, where mechanical mowing was used to create
patches in Carolina bay vegetation for the establishment
of new Venus flytrap populations. Carolina bays consid-
ered in this study were relatively unmodified by ditching,
but the absence of frequent fire had allowed development
of dense shrub-dominated vegetation on the bay rims. The
following questions were addressed. What is the relative
success of transplanting, seeding, and growth release of
suppressed Venus flytraps as methods of increasing popu-
lation sizes? How do Venus flytraps in created habitats
compare to plants in reference populations? How does the
plant community at the bay/savanna ecotone respond to
mechanical mowing and clearing?

Methods

Focal Species

The Venus flytrap is a carnivorous plant known worldwide
for its leaves modified into snap traps (Schnell 2002).
Although the plant is widely distributed as a horticultural
specimen, the endemic range is highly restricted. The
known historical range includes the Coastal Plain of
southeastern North Carolina and northeastern South
Carolina (Roberts & Oosting 1958). This range roughly
corresponds to the Cape Fear Arch geologic area, a hot
spot of plant endemism (LeBlond 2001). The Venus
flytrap typically grows at the ecotone between depression
wetlands and relatively dry pine savannas although it may
occur scattered throughout wet pine-dominated flatwoods
(Weakley 2004). Depression wetlands associated with the
Venus flytrap usually have peat accumulations, complex
fire histories, and the potential for developing dense vege-
tation dominated by evergreen shrubs (Sharitz & Gibbons
1982). The Venus flytrap is found growing most commonly
in microhabitats where past disturbances have created
gaps in the shrub canopy (Luken 2005). The species is rel-
atively rare and is assigned a G3 rank for endangerment
throughout the native range.

Study Site

Restoration sites were located in LOBHP in Horry
County, South Carolina (lat 33�479N, long 78�529W).
LOBHP is a 3,640-ha tract of land that includes 22 rela-
tively intact Carolina bays as well as extensive pine
savanna. The preserve is owned and managed by the State
of South Carolina. Designation of this tract of land as
a Heritage Preserve was initiated in 1989. Carolina bays
at LOBHP support dense, impenetrable thickets of ever-
green shrubs and a tree layer comprising Pond pine (Pinus
serotina), Swamp red bay (Persea palustris), and Loblolly
bay (Gordonia lasianthus). Abandoned Loblolly pine
(Pinus taeda) and Slash pine (Pinus elliottii) plantations
and restored Longleaf pine (Pinus palustris) flatwoods
surround the Carolina bays as do relatively dry sand rims
supporting stunted stands of Turkey oak (Quercus laevis).
Nomenclature of plant species follows Weakley (2004).

LOBHP is adjacent to the Grand Strand, a 30-mile sec-
tion of coastal South Carolina that is a popular tourist des-
tination. The Grand Strand is currently experiencing rapid
commercial and residential development. One major road
project was recently completed along the eastern edge of
LOBHP; another road project is planned for the southern
edge of LOBHP. These roads as well as the development
of residential areas near LOBHP will greatly restrict
future prescribed burning.

Rationale

Previous botanical surveys showed that viable Venus
flytrap populations occurred in powerline corridors crossing

Figure 1. Carolina bays at LOBHP, South Carolina. The powerline

corridor crossing two of the bays is approximately 35-m wide. Bay

rims have been digitally enhanced.
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through LOBHP. These populations were invariably
located on the rims of Carolina bays (Fig. 1). Vegetation
in powerline corridors is managed with a combination of
mechanical mowing and herbicide in efforts to maintain
low-growing, treeless vegetation. Presumably, historical
management practices in powerline corridors at LOBHP
mimicked the effects of frequent fire. However, it could
not be determined if past management of vegetation in
powerline corridors facilitated plant establishment or if
Venus flytraps persisted from an establishment event prior
to corridor construction. Carolina bay rims adjacent to the
powerline corridor supported thickets of evergreen shrubs
that had not been burned in recent history due to the
plowing of firebreaks. These sites offered an opportunity
to determine if mechanical mowing could facilitate estab-
lishment and/or release of Venus flytraps as well as other
carnivorous species such as Bladderwort and Sundew.

Site Selection and Preparation

In May 2003, nine sites were chosen for restoration activi-
ties. The sites were adjacent to a powerline corridor that
crossed LOBHP and were located on sloping Carolina
bay rims. In May 2003, a front-mounted mechanical
mower was used to remove and chop the dense shrub veg-
etation thereby producing nine patches. Mowed patches
were 10 3 20 m, with the long axes running parallel to the
bays (Fig. 2). Pond pines within the patches were cut and
moved off-site. Two 0.5-m2 plots were established in each
patch, one at the bottom of the bay rim and the other at
the top. The root mat was removed from these plots in an
effort to establish a stable seedbed. These plots are here-
after referred to as mowed and cleared.

Venus Flytraps

Seeding and transplanting were tested as methods for
establishing new Venus flytrap populations within the
plots. In June 2003, seeds of Venus flytraps were collected
from populations within LOBHP. Previous research
suggested that Venus flytrap seed germination occurred
within a short window of time after seed dispersal
(Roberts & Oosting 1958). Therefore, the harvested seeds
were immediately scattered on the soil surface of the
0.5-m2 plots where a seedbed was established. Seeding
densities were 240 seeds/plot. Adult plants were dug in
June 2003 from three Venus flytrap populations at
LOBHP. Three plants from each population were trans-
planted in 0.5-m2 plots adjacent to the plots where seeding
occurred. Planting density was equivalent to 36 plants/m2,
a density less than the mean density of 48 plants/m2

observed in other populations (Luken 2005). Release of
suppressed Venus flytraps was measured by conducting
pre- and postmowing surveys in the entire patches. No
plants were observed prior to mowing, however, the dense
vegetation and thick accumulations of detritus may have
hidden some small individuals.

Assessment of efforts to establish Venus flytraps
occurred at the end of the first growing season and at peak
flowering of the second growing season. Mowed and
cleared plots were searched for established seedlings, and
these were counted in September 2003 and May 2004.
Survivorship of transplants was monitored, and during
May of the second growing season, flowering and size of
transplants were measured. Plants released from suppres-
sion within the patches, hereafter referred to as ‘‘volun-
teers,’’ were counted, and a subset of these plants was also
measured in May for size and flowering. Plant size was
assessed with an index calculated as cumulative petiole
length/plant. The size class distribution and flowering
percentage of transplants and volunteers were compared
to plants from two reference Venus flytrap populations
occurring at LOBHP. These reference populations were
in areas last burned during winter 2002 and were part of
a long-term study examining Venus flytrap demography
and growth. A Kruskal–Wallis one-way analysis of vari-
ance was used to determine significant differences in plant

Figure 2. (A) Front-mounted mower moving into dense vegetation

of a bay rim. (B) Bay rim immediately after mowing. Mowed sites

were 103 20 m with the long axes running parallel to the bays.
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characteristics among populations. Differences in size
class distributions of transplants, volunteers, and reference
plants were presented as a box and whisker graph.

Plant Community Response

The response of the plant community to restoration
efforts was measured in the 0.5-m2 mowed and cleared
plots where Venus flytrap seeds were introduced, in plots
that were mowed but not cleared, and in plots placed in
undisturbed Carolina bay vegetation. Densities of Sundew
(Drosera capillaris) and Bladderwort (Utricularia subu-
lata) were measured in early spring of 2004. These two
small carnivorous plants occurred only in mowed and
cleared plots and were assessed in early spring because
their populations are ephemeral. Coverage of other plant
species in the three categories of plots was estimated visu-
ally during July 2004. Relative cover values (total cover-
age of a species divided by total coverage of all species)
were calculated for each plot, and communities were con-
trasted with nonmetric multidimensional scaling (NMDS).
The NMDS was conducted with a Jaccard distance mea-
sure; starting coordinates were randomly selected, and sta-
bility of results was checked by multiple runs. Indicator
Species Analysis was used to determine if particular
species were associated with plots assigned to the various
categories. These community analyses were done using
PC-ORD (McCune & Mefford 1999). Differences in
richness and diversity (H9) among the three treatments
were compared with analysis of variance followed by
a Tukey’s test.

Results

Venus Flytraps

Only 5–7% of the Venus flytrap seeds sown in the mowed
and cleared plots resulted in established seedlings
(Table 1). However, seedlings persisted through the first
winter, and there was evidence that further establishment
occurred between the 2003 and 2004 sampling dates, at

least at the bottom of bay rims where moisture was more
available (Table 1). Mean survivorship of transplanted
adult Venus flytraps was 85% at the bottom and 72% at
the top of the bay rims, producing a mean density of 14
transplants/patch in 2004. Volunteer Venus flytraps were
found in four patches producing an overall mean density
of six volunteers/patch. Transplants had significantly (p <
0.05) higher numbers of petioles than reference plants, but
maximum petiole length was not significantly different
(Table 2). The percentage of plants producing flowers was
highest among volunteers (93%) and lowest in the two
reference populations (Table 2). The size class distribu-
tions of transplants and plants from reference populations
were similar. However, the volunteer population included
extremely large plants not found in reference or trans-
planted populations (Fig. 3).

Associated Species

Drosera capillaris and Utricularia subulata became estab-
lished in the mowed and cleared plots during early spring
of 2004 (Table 1). Later in the 2004 growing season, most
of the mowed and cleared plots become dominated by
grasses and rushes, whereas areas experiencing only
mowing supported communities with species composition
similar to undisturbed bay vegetation (Fig. 4). Undisturbed
Carolina bay vegetation and mowed vegetation were
dominated by the following shrubs: Large gallberry (Ilex
coriacea), Fetterbush (Lyonia lucida), and Dangleberry
(Gaylussacia frondosa). Significant (p < 0.05) indicators
for mowed and cleared plots were Dichanthelium erectifo-
lium, Dichanthelium longiligulatum, Juncus scirpoides, and
Rhynchospora fascicularis. The only other significant
indicator was the vine Smilax laurifolia, an indicator of
undisturbed Carolina bay vegetation. Richness and diver-
sity (H9) were significantly (p < 0.05) higher in mowed
plots than in undisturbed Carolina bay vegetation
(Table 3).

Discussion

Mechanical mowing is a ubiquitous method of managing
ecological succession and is often used where fire is pre-
cluded (Luken 1990). Venus flytraps and carnivorous
plants, in general, are adapted to relatively open, wet,
nutrient-poor environments (Givnish et al. 1984), and this
project demonstrated that habitats suitable for Venus
flytrap growth and establishment can be temporarily
created with mowing. Mowing of patches in dense shrub-
dominated vegetation created relatively open environ-
ments because few ground-layer species existed prior to
mowing. Light levels in the ground layer of undisturbed
Carolina bay vegetation were roughly 3% of light levels
measured in the mowed patches (Luken, unpublished
data). Venus flytraps transplanted to mowed patches
showed high survivorship; transplants and volunteers were
equal to or larger than reference plants and had higher

Table 1. Mean (± SE, n ¼ 9) seedling densities (no./plot) of carnivo-

rous plants in 0.5-m2 experimental plots (mowed and cleared) estab-

lished at two topographic positions on the rims of Carolina bays in

LOBHP, South Carolina.

Species

Position

Bottom Top

Dionaea muscipula (2003) 12 ± 5 12 ± 4
Dionaea muscipula (2004) 18 ± 6 12 ± 4
Drosera capillaris 4 ± 2 2 ± 1
Utricularia subulata 16 ± 9 2 ± 1

Plots were positioned either at the bottom or top of the bay rims.Dionaea mus-
cipula was from introduced seeds; Drosera capillaris and Utricularia subulata
were from on-site seed sources.
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flowering percentages. The results suggest two aspects of
Venus flytrap biology. First, it is clear that suppressed
Venus flytrap plants do persist in the soils of dense stands
of shrubs. These plants have the ability to quickly initiate
growth in response to increased light availability, a trait
likely of value in shrub-dominated vegetation that is fast
growing and frequently burned. Second, Venus flytraps
can be readily transplanted to new habitats. This and the
fact that Venus flytraps have been successfully introduced
far outside the native range (Smith 1972) suggests that
suitable habitat may be widespread, provided barriers to
dispersal and establishment are overcome (Roberts &
Oosting 1958). Glitzenstein et al. (2001) reached a similar
conclusion regarding many rare species characteristic of
longleaf pine communities in the southeastern United
States. Results of the research at LOBHP suggest that
Venus flytrap seedling establishment is a low-probability
event, one that is likely dependent on availability of soil

microhabitats as well as the maintenance of high light
levels (Luken 2005).

Although one mowing event on the rims of Carolina
bays may indeed create a short-term environment suitable
for growth of transplants and release of suppressed Venus
flytraps, future viability of Venus flytraps depends on how
the plant community responds to mowing. When mowing
was done in combination with clearing, Drosera capillaris
and Utricularia subulata became established. Similar
responses were noted in Mississippi wet pine savannas
with the conclusion that these annual carnivorous species
function as a unique class of fugitives adapted to low-
nutrient environments (Brewer 1998, 1999). Because of

Table 2. Characteristics of Venus flytraps when growing in various environments during summer 2004.

Population

Transplants Volunteers Reference A Reference B

Petiole number/plant 6 ± 2a 5 ± 0ab 5 ± 0b 5 ± 0b
Petiole length (mm) 19 ± 1a 24 ± 2a 22 ± 1a 22 ± 1a
Flowering percentage 63 93 20 21

Transplants were moved to mowed plots during summer 2003. Volunteers emerged from suppression in mowed plots. Reference populations were last burned in
winter 2002. Data for petiole number/plant and maximum petiole length (mm) are means ± SE with n ¼ 125, 30, and 66 and 69 for transplants, volunteers, and
reference plants, respectively. Means with different letters are significantly (p < 0.05) different.

Figure 3. Box and whisker graph showing size class distributions of

Venus flytrap transplants (n ¼ 125), volunteers (n ¼ 30), and

plants from two reference populations (n ¼ 66 and 69).

Figure 4. Ordination NMDS of communities and species in mowed

and cleared plots (Mow1 Clear), in mowed plots (Mow), and in

undisturbed bay vegetation (Bay). Only significant (p < 0.05) indica-

tor species are shown on the ordination. Species abbreviations are as

follows: DICERE ¼Dichanthelium erectifolium, DICLON ¼
Dichanthelium longiligulatum, JUNSCI ¼ Juncus scirpoides,

RHYFAS ¼ Rhynchospora fascicularis, and SMILAU ¼ Smilax

laurifolia.
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small stature, these plants will not compete with Venus
flytraps and should be considered an ancillary benefit of
managing for the focal species. However, mowed and
cleared plots were also quickly invaded by grasses, rushes,
and sedges. Kirkman & Sharitz (1994) found that peren-
nial grasses invaded and dominated Carolina bay vegeta-
tion when soils were disturbed by tillage. They concluded
that repeated disturbance will be required to ensure estab-
lishment and growth of relatively rare species (Kirkman &
Sharitz 1994). Alternatively, in areas that were mowed
but not cleared, shrubs resprouted and reestablished
the shrub-dominated community of the bay rim. Such
shrub thickets are also a long-term problem for mainte-
nance of plant diversity (Wilkins et al. 1993; Brewer
2002).

The present study as well as others (Kirkman & Sharitz
1994; Kirkman 1995; Poiani & Dixon 1995; Kirkman et al.
1998) suggest that the ground-layer vegetation of Carolina
bay interior and edge communities may be dominated by
monocots or shrubs depending on disturbance type and
hydrology. In the absence of disturbance, dense shrub
thickets emerge and diversity declines. Due to the ten-
dency of Carolina bays to support tall, dense vegetation,
maintaining persistent openings will be a challenge for
resource managers. Furthermore, long-term viability of
Venus flytraps in large nature preserves depends on main-
taining metapopulations scattered along the Carolina bay
rims, a requirement that will invoke some understanding
of how Venus flytraps respond to the size and isolation of
openings in the shrub-dominated vegetation (Quintana-
Ascencio & Menges 1996). Previous research at LOBHP
documented that Sphagnum mosses are good indicators of
Venus flytrap habitat and that these same Sphagnum-
dominated sites also support relatively less vascular plant
coverage (Luken 2005). Because it is not economically
feasible to repeatedly mow large natural areas (Luken
1990), future research will focus on these relatively stable
Sphagnum openings as sites for Venus flytrap introduction
and management of shrub vegetation while not allowing
invasion by monocots.
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