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FEIS ABBREVIATION:
PAEFOE

NRCS PLANT CODE [58]:
PAFO3

COMMON NAMES:
skunkvine

stinkvine

chicken excrement plant
flatulent vine
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The scientific name of skunkvine is Paederia foetida L. (Rubiaceae) [21,66]. Skunkvine belongs to the Paederia
subgenus [40].

SYNONYMS:
Paederia scandens (Lour.) Merr. [60]

LIFE FORM:
Vine-liana

DISTRIBUTION AND OCCURRENCE

SPECIES: Paederia foetida

« GENERAL DISTRIBUTION
« HABITAT TYPES AND PLANT COMMUNITIES

GENERAL DISTRIBUTION:

Skunkvine occurs as a nonnative species in Hawaii and the southeastern United States [62]. Its native Asian range
extends from Japan through China to eastern India and south to the Philipines, Malaysia, and Indonesia [40]. In the
United States, skunkvine has been reported outside of cultivation in North Carolina, South Carolina, Georgia, Florida,
Louisiana, Texas, and Hawaii. Skunkvine occurs on the Hawaiian islands of Kauai, Oahu, Maui, and Hawaii [36]. In
Florida, skunkvine populations occur from the northern counties of Suwannee and Gadsden south to Broward County
[24]. Skunkvine is particularly abundant in Florida's Hernando and Pasco counties [11]. The current (2009)
distribution and extent of skunkvine in Texas, Louisiana, Georgia, and the Carolinas is not well documented (review
by [10]). Skunkvine populations are suspected in Mississippi and Alabama [36], although there were no reports of
skunkvine in these states as of 2009. Plants Database provides a distribution map of skunkvine.

Introductions and local distribution changes: There were several skunkvine introductions made to the
United States. It was first reported in Oahu, Hawaii, in 1854 [60]. The purpose of this introduction is unknown. Before
1897, skunkvine was introduced by the USDA as a potential fiber plant in Florida [25,32]. Based on early records and
skunkvine's current distribution in Florida, the initial introduction site was likely a field station in Brooksville in west-
central Florida [11,36]. Skunkvine was introduced in Florida again in 1916 and in 1932. The reasons for and fate of
these introductions are unknown [32,36]. By 1903, skunkvine was collected from Seminole County, Florida [48], and
before the second introduction of skunkvine in 1916, populations at Florida's Brooksville field station were considered
"troublesome™ [32]. By 1933, skunkvine was reported in thickets and fencerows in peninsular Florida (review by [25]).
In 1968, skunkvine was spreading from a cultivation site in Darlington County, South Carolina [44]. It is likely that
skunkvine was planted as an ornamental following its introduction to the United States [15], but reports and direct
evidence of this are lacking. Skunkvine was first reported in Louisiana in 1983, when Thomas and McCoy [54] found
large populations in the Jungle Botanical Gardens on Avery Island and also found plants growing over shrubs on the
University of southwestern Louisiana campus in Lafayette Parish. In 1989 skunkvine was reported in Harris County,
Texas [6], and an "extensive plant™ was reported in Zoological Park in Randolph County, North Carolina, in 1998 [8].

Although not common at the most northern and southern portions of its US range [8,46], the extension of skunkvine's
range into North Carolina and southern Florida is recent and suggests some long-distance dispersal mechanism. As of
1999, skunkvine's distribution in the Carolinas had not changed considerably [8]. On the Coastal Plain, skunkvine is
generally limited to disturbed sites. Spread from cultivated sites has been limited (Radford and Weakly 1998 cited in
[8]). In Florida, however, some reports indicate recent and fairly rapid southward spread. As of 1982, skunkvine was
reported only as far south as Hillsborough County [65], but by 1996, skunkvine was reported as far south as Broward
County, Florida [38]. Although surveys conducted in 1991 and 1995 in Broward County's Long Key Park did not
report skunkvine, in a 1996 survey, it occupied over 6,810 feet? (633 m?) of the Park (Dehring 1999 cited in [38]).
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HABITAT TYPES AND PLANT COMMUNITIES:

Asian habitats and plant communities: In its native Asian range, skunkvine occurs in a wide variety of
habitats and plant communities but is most common in weedy, sunny, disturbed sites that include "waste" areas,
roadsides, and fence lines. Skunkvine is also possible in the openings and at the edges of wet to dry forests and
woodlands, in open montane vegetation, on sandy, rocky seacoasts, and in the cracks of rocks [40]. Based on the notes
from herbarium records in Japan and Taiwan, skunkvine occupies secondary forests, shady forests, gaps in primary
forests, grassy hillsides, river banks, canal banks, thickets, and roadsides [36].

North American habitats and plant communities: As in Asia, skunkvine is generally most common in
disturbed areas but also occurs in undisturbed habitats and plant communities. In Hawaii, skunkvine is locally common
in disturbed mesic forests, dry forests, alpine woodlands, and coastal areas [60]. It is reported in drainages and along
streams in forests dominated by Indian walnut (Aleurites moluccana) and in alien wet forests dominated by nonnative
species including mango (Mangifera spp.), common guava (Psidium spp.), and black bamboo (Phyllostachys nigra)
[60Q]. In the southeastern United States, skunkvine occurs in xeric sandhill uplands, hammocks, floodplain forests and
marshes, and mesic woodland and forested uplands [36]. In Florida skunkvine is common on disturbed sites [65,66]
but has also established in undisturbed sandhill, hammock, floodplain, and upland vegetation [24]. In South Carolina,
skunkvine is typically limited to disturbed areas of the Coastal Plain. In North Carolina, the only skunkvine population
known as of 1999 grew adjacent to a deciduous hardwood forest [8].

BOTANICAL AND ECOLOGICAL CHARACTERISTICS

SPECIES: Paederia foetida

« GENERAIL BOTANICAL
CHARACTERISTICS
SEASONAL DEVELOPMENT
REGENERATION PROCESSES
SITE CHARACTERISTICS
SUCCESSIONAL STATUS

Skunkvine flowers from a plant in Makawao, Maui
Photo © Forest and Kim Starr

GENERAL BOTANICAL CHARACTERISTICS:

e Botanical description
e Raunkiaer life form

Botanical description: This description covers characteristics that may be relevant to fire ecology and is not meant
for identification. Keys for identification are available (e.g., [60,65,66]).
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As its common name suggests, skunkvine is a bad-smelling climber. It produces slender stems that may reach 30 feet
(9 m) long. Stems are woody only at the base and twine to the right when supported [25,28,42,60]. Growth form and
vine appearance are variable [36,40]. Leaves are evergreen in southern Florida but deciduous in central and northern
Florida [36]. Skunkvines may grow prostrate or twine on other vegetation or supports. Ground-creeping vines form
adventitious roots at the nodes [46,62]. Skunkvine generally produces opposite, heart-shaped leaves with pointed tips,
entire margins, and long petioles [44]. Leaves are also possible in whorls of 3 [28]. Petioles commonly measure up to
2 inches (6 cm) long, and leaf blades are typically 2 to 5.5 inches (5-14 cm) long and up to 2 inches (5 cm) wide
[60,62]. Sulfur compounds in the leaves and stems give skunkvine its smelly odor [25,37]. Skunkvine flowers occur in
cymes that may form terminal panicles up to 12 inches (30 cm) long [60Q]. Flowers at the terminal end of the
inflorescence open first. Flowers are short-lived, and stigmas are generally receptive for 2 days or less (see Pollination
and breeding system) [41]. Skunkvine fruits are round, about the size of a large pea. The outer fruit covering becomes
papery and falls away when seeds are mature [46,60]. Fruits contain 1 or 2 wingless seeds that are up to 5.5 mm long
[26,62,66].

Skunkvine appears similar to sewer vine (P. cruddasiana) another nonnative vine that occurs in Florida, which can be
distinguished from skunkvine by its oval fruits and winged seeds [25].

Raunkiaer [45] life form:

Phanerophyte
Chamaephyte

SEASONAL DEVELOPMENT:
In Florida, skunkvine flowers are possible from May to August during the wet summer season [26]. Fruits often persist
through the winter [24].

REGENERATION PROCESSES:

Skunkvine reproduces vegetatively and from seed [15,26]; however, observations suggest that fruit production may be
limited in some nonnative habitats [8,50]. On the island of Maui, skunkvine regeneration and spread are primarily
vegetative, although maybe not exclusively so [49,50]. Vegetative spread from creeping stems can be extensive, and
stem fragments are capable of rooting and producing new vines [28].

e Pollination and breeding system
* Seed production

* Seed dispersal

e Seed banking

e Germination

* Seedling establishment and plant growth
* Vegetative regeneration

Pollination and breeding system: Skunkvine flowers are perfect, protandrous, and self incompatible [26,41,46].
In the greenhouse, skunkvine flowers protected from insects failed to produce fruit. When researchers artificially cross
pollinated flowers, about 70% set fruit [41]. At field sites in Florida, no bagged flowers produced fruits, but more than
20% of unprotected flowers produced fruits [27].

Flowers are insect pollinated. Honeybees and other bees pollinated skunkvine flowers in Ogasawara Islands, Japan [1].
Butterflies were common pollinators in China, Malaysia, and Indonesia [41]. In Florida, 15 insect species visited
skunkvine flowers; all insects were native to Florida, except European honey bees (Apis mellifera), which were most
common on skunkvine flowers in an open field. Halictid bees were the most common visitors in the swamp forest and
at a successional site where trees and shrubs were establishing. The number of insect visits/watch was significantly
greater in the swamp forest than at the successional site (P<0.05). Skunkvine flowers produced up to 0.4 mm of nectar
by volume, and sugar concentrations ranged from 20% to 35% [27].
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Individual skunkvine flowers are short lived, and stigmas are receptive for a short period of time. However, skunkvine
may produce many inflorescences each with multiple flowers, so plants may have open, receptive flowers for 6 weeks
or more [41]. In Florida, skunkvine plants had multiple open flowers each day. Flowers generally opened before or at
dawn and dropped petals by the next morning [27]. Once petals fall, stigmas are no longer receptive [41]. In
Ogasawara Islands, Japan, skunkvine produced 11 to 100 flowers/inflorescence and 101 to 1,000 inflorescences/plant

[1].

Seed production: In the United States, reports of skunkvine seed production are variable. As of 2003, skunkvine
fruits had not been observed in Maui, Hawaii [50]. This lack of fruit production was likely the result of few and/or
untimely observations and not environmental or pollinator issues [49]. As of 1976, reports and observations of
skunkvine fruit or seed production in Florida were lacking [32]; however, in a study published in 2008, skunkvine
plants in Florida produced ten or more fruit clusters, and each fruit cluster contained hundreds of berries (personal
observation cited in [26]). An "extensive" skunkvine plant growing near Asheville, North Carolina, produced 24
panicles but just 2 berries [8].

In a Japanese black pine (Pinus thunbergii) stand on coastal sand dunes in central Japan, skunkvine averaged 114.9
fruits/plant, 1,900 fruits/ha, and 3,800 seeds/ha. On average, birds removed 66.9 fruits/plant [53].

Seed dispersal: Wind and animal dispersal of skunkvine seeds are likely in the United States. From experiments and
calculations, researchers estimated that skunkvine seeds falling from 16 feet (5 m) above ground when horizontal
winds were 5.9 feet (1.8 m)/s could travel 8.9 feet (2.7 m). Distances increased to 36 feet (10.9 m) and 72 feet (21.8 m)
in winds of 23 feet (7 m)/s and 46 feet (14 m)/s, respectively [43].

Although direct evidence of animals dispersing skunkvine seeds in the United States is lacking, several sources
indicate that animal dispersal is suspected (] 3,28], review by [10]). Field studies in Japanese black pine stands in Japan
showed that birds removed an average of 66.9 skunkvine fruits/plant. Brown-eared bulbuls, pale thrushes, dusky
thrushes, and Japanese white-eyes were the most common dispersers. These birds consumed whole fruits but also
dropped many fruits. During the study, there were 95 skunkvine seeds dropped beneath skunkvine plants, 71 beneath
Japanese callicarpa (Callicarpa japonica), 35 beneath linden arrowwood (Viburnum dilatatum), and 32 beneath
Japanese honeysuckle (Lonicera japonica). Researchers collected both fruits and exposed seeds. Exposed seeds were
likely the result of defecation or regurgitation. Seed viability was not tested [53].

Seed banking: A field study conducted in west-central Florida suggests that skunkvine seed banks are short-lived.
Researchers placed skunkvine fruits in mesh bags in 3 habitats: a mixed mesic forest dominated by sweetgum
(Liguidambar styraciflua), southern magnolia (Magnolia grandiflora), and baldcypress (Taxodium distichum); the
edge of the mixed forest; and an open grassland dominated by St Augustine grass (Stenotaphrum secundatum). Fruits
were naturally buried over time by leaf litter and soil-disturbing animals. During the course of the study, 26% of seeds
were damaged by weevils and weevil larvae. The number of viable seeds decreased significantly over time (P<0.001),
but seeds survived longer in the forest interior than at the forest edge or in the grassland. After 1 year, 38% of seeds
were viable in the interior, 2% at the edge, and 2% in the grassland. After 2 years, 4.7% of seeds were viable in
interior, 0.4% at the edge, and 0% in the grassland. For all habitats, just 0.2% of skunkvine seeds were viable after 3
years. Researchers suggested that high temperature fluctuations and/or high light levels in the grasslands may have
encouraged germination of skunkvine seeds. Canopy cover was 86% in the forest interior, 68% at the forest edge, and
less than 1% in the grassland [26].

Germination: Few studies on skunkvine seed germination were available as of 2009, making it difficult to provide
generalizations about germination requirements. Germination of seeds up to 2 years old was not affected by age, but
germination was markedly reduced for many seeds over 2 years old. In Asia about 70% of skunkvine seeds collected
from tetraploid plants germinated, but 40% or fewer of seeds from hexaploid plants germinated. Seeds were likely
monitored at room temperature, but conditions were not reported [41]. Skunkvine seeds collected in November from
floodplain grasslands in warm temperate Japan failed to germinate immediately after collection. Germination generally
increased (maximum was 77%) with long moist chilling periods (up to 10 months). Germination maximums ranged
from 18% to 30% for skunkvine seeds buried outdoors in mesh bags in 2 inches (5 cm) of soil. Buried seeds were
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exposed to increasing or decreasing temperatures for 1 month before burial, and maximum germination occurred for
seeds recovered in January. Duration of burial ranged from 3 to 18 months [61]. For skunkvine seeds collected from
Florida in January, viability was low, 5.2%. Ten percent of skunkvine seeds collected from Brooksville, Florida,
germinated after 13 days at 77 °F (25 °C) [52].

Seedling establishment and plant growth: Studies highlighting conditions most suitable for skunkvine
seedling establishment and growth are lacking. A study along the Arakawa River floodplain near Urawa City, Japan,
suggests that skunkvine seedlings establish on disturbed sites. There were 0.3 skunkvine seedlings/m?2 in moist tall
grasslands that were burned each winter for 30 years. There were 1.8 skunkvine seedlings/m? on sites that were
"cleared” in the winter for the last 6 years. Methods for clearing vegetation were not described. No skunkvine seeds
were trapped on the burned site, but 16.7 skunkvine seed/m2 were trapped on the cleared site [30Q].

During a recent expansion of skunkvine in Mead Gardens Park, Winter Park, Florida, park officials estimated that
stems grew 2 to 3 inches (5-7.5 cm) per day. Skunkvine had almost completely covered 60-foot (18 m) magnolia
(Magnolia spp.) trees. Rapid growth coincided with rainy weather [35].

Vegetative regeneration: Spread of skunkvine through vegetative growth is often extensive. Long stolons can
allow skunkvine clones to form "impenetrable tangles"” that may cover several acres [3,15,42]. A skunkvine plant
growing near Asheville, North Carolina, produced stolons that were up to 13 feet (4 m) long [8]. Stolons that become
detached from the parent plant continue to grow independently [41]. Stem fragments with a node are capable of
producing new vines and likely play a role in dispersal [24,25,28].

SITE CHARACTERISTICS:

Wide tolerance of climatic, hydrologic, and edaphic conditions is implied by the broad range of native and nonnative
habitats occupied by skunkvine (see Habitat Types and Plant Communities) [24,36]. In its native and nonnative
habitats, sites occupied by skunkvine may be disturbed or undisturbed, sunny or shady, dry or wet, and saline or salt
free [15,24,40,66].

Climate: In the United States, skunkvine is most common in areas with tropical or subtropical climates, but based on
its distribution in Japan, skunkvine could survive as far north as Delaware. In Japan, skunkvine reaches its northern
limit in the Tohoku Region, where minimum temperatures generally range from -4 to 14 °F (-20 to -10 °C), which
approximate the minimum temperatures just north of Delaware, Maryland, and the Virginias [37].

Climatic conditions for several native skunkvine habitats are provided as a potential guide for future US distributions.
In Meghalaya, northeastern India, the climate is monsoonal with distinct wet-warm and cool-dry seasons. Annual
precipitation averages 98 inches (2,500 mm), and average monthly temperatures are 37 to 72 °F (3-22 °C) [31]. On
Miyakejima Island in the Pacific Ocean's western rim, the climate is warm temperate, and annual precipitation
averages 110 inches (2,871 mm) [20]. In the Hitachi National Forest in central Japan, skunkvine occupies sites where
the low monthly temperature averages 39 °F (3.8 °C); the high monthly temperature averages 77 °F (25 °C); and
annual precipitation averages 59 inches (1,500 mm) [14].

By 1998, skunkvine populations in Florida had established above the frost line (Greger and Burks personal
observations cited in [25]). In Hillsborough County, where skunkvine is most common, summers are warm, humid,
and rainy, and winters are cool and dry. Annual precipitation averages 48 inches (1,219 mm), but over a 30-year
period, precipitation averages ranged from 31 inches (799 mm) to 68 inches (1,720 mm). In August, the average
maximum temperature is 90.3 °F (32.4 °C). Freezing temperatures are rare [33].

Elevation: In Asia, skunkvine is reported from sea level to 9,800 feet (3,000 m) [40], and in Hawaii, skunkvine

occurs from sea level to 6,000 feet (1,830 m) [60]. Elevation ranges for skunkvine in the continental United States
were not reported in the available literature (2009).

Soils: The variety of native and nonnative habitats and plant communities occupied by skunkvine suggests a wide
tolerance of soil types and conditions, but detailed studies on the characteristics of invaded soils in the United States
are lacking. In a subtropical forest in Meghalaya, northeastern India, skunkvine occurs in soils that are highly leached,
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nutrient poor, and acidic (pH 5-5.7) [31]. Skunkvine is abundant in hydric hammocks in Hillsborough County, Florida,
where the sandy soils are poorly drained. While soils are typically saturated, rarely are they flooded for prolonged
periods [33]. In flooding experiments, skunkvine "vigor" decreased with flooding, and researchers reported "little
healthy plant tissue" after 63 days of flooding. However, some pots contained live plant tissue after 192 days of
flooding [52].

SUCCESSIONAL STATUS:

Skunkvine is not restricted to communities of a particular seral stage. It often occurs on highly disturbed sites [31,34]
but can also persist in dense forests. In Hawaii, skunkvine occurs in forests where spreading Indian walnut crowns
limit the understory to shade-tolerant species [60Q]. In Florida, skunkvine is especially common in hydric hammocks
with dense canopies of laurel oak (Quercus laurifolia), sweetbay (Magnolia virginiana), and/or red maple (Acer
rubrum) [33].

A review reports that skunkvine's growth habit and rate can disrupt natural forest succession in invaded areas of the
United States. Rapid growth as a vine and as a ground cover allows skunkvine to form "dense curtains of intermingled
stems" that can smother understory vegetation and damage or kill trees. If skunkvine causes mortality in the canopy,
gaps created by tree fall are often occupied by skunkvine through rapid vegetative growth. Persistence of skunkvine
can then prevent the establishment and growth of forest vegetation that would have regenerated in the absence of
skunkvine [62].

Succession studies in skunkvine's native habitats suggest a high tolerance of disturbance and early-seral site
conditions. On Miyakejima Island south of Tokyo, Japan, the frequency of skunkvine was 21% to 40% on 37-year-old
basalt lava flows, 41% to 60% on 125-year-old flows. Skunkvine did not occur on volcanic flows over 800 years old
[20]. In the Tama Hills of Tokyo, skunkvine had high indicator values in intensively managed habitats. On sites with
annual shrub thinning and annual mowing, skunkvine's indicator value was 37. On sites with all trees and shrubs cut
and mowing done biennially, skunkvine's indicator value was 21. The photosythetically active photon flux density at
ground level was almost 30% on the annually mowed site and 80% on the biennially mowed site. Indicator values
were calculated using relative abundance and relative frequency [34]. Regression analysis showed that skunkvine was
highly positively correlated with scouring along floodplains of the Shinano River in Japan [18]. In Meghalaya,
northeastern India, skunkvine was present in highly disturbed, moderately disturbed, and undisturbed areas of the
subtropical Swer sacred grove. In undisturbed forests, canopy cover exceeded 40%, and there were 2,103 trees/ha. In
highly disturbed forests, canopy cover was less than 10%, and there were 852 trees/ha. Primary disturbances included
fuel wood collecting and domestic animal grazing. Skunkvine abundance was not reported [31].

In northern Honshu, Japan, skunkvine appeared within 4.5 years of grazing protection. On this island, sika deer graze
heavily and lack local predators. In grazed areas, deer maintain Korean lawngrass (Zoysia japonica) stands at about 1.6
inches (4 cm) tall. When sites were protected from grazing for 4.5 years, Chinese silver grass (Miscanthu sinensis) was
dominant and grew to about 70 inches (180 cm) tall [63]. Grazing preferences of the deer were not described;
skunkvine's appearance could have been related to deer feeding habits or changes in edaphic conditions brought about
by taller vegetation.

FIRE EFFECTS AND MANAGEMENT

SPECIES: Paederia foetida

« FIRE EFFECTS
« FUELS AND FIRE REGIMES
« FIRE MANAGEMENT CONSIDERATIONS

FIRE EFFECTS:
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Immediate fire effect on plant: Skunkvine is top-killed [14] if not entirely killed by fire [13].

Postfire regeneration strategy [51]:
Ground residual colonizer (on site, initial community)
Secondary colonizer (on- or off-site seed sources)

Fire adaptations and plant response to fire:

Fire adaptations: In the few studies (as of 2009) that report on the effects of fire on skunkvine, there are reports of
mortality [13], sprouting [14], and seedling establishment soon after fire [30]. However, the limited number of fire
studies and often incomplete descriptions of fire severity make predicting skunkvine's postfire survival and
regeneration difficult.

Heat tolerance of skunkvine seeds was not reported in the available literature (2009). In the single study that reports
skunkvine seedling establishment on burned sites, skunkvine seed rain was lacking, suggesting that seedlings
established from soil-stored or off-site seed sources [30].

Plant response to fire: Studies described below suggest that skunkvine may be killed by fire, but generally
skunkvine's absence from burned sites was short-lived. Reports of postfire sprouting by skunkvine came from a study
that involved a single fire [14], while skunkvine seedling establishment was reported on repeatedly burned sites [30].
In the only US fire study, skunkvine abundance was reduced in the 1st postfire year after 1 and 3 consecutive fires, but
the regeneration method was not described [13].

Five to six months following a March wildfire in a Japanese red pine (Pinus densiflora) forest in the Hitachi National
Forest in central Japan, there were 0.06 skunvine sprouts/m2. On burned plots, vegetation top-kill was 100%.
Regeneration method was determined by excavating plants on burned sites. Skunkvine regenerated exclusively by
sprouting; there were no seedlings [14].

There were 0.3 skunkvine seedlings/m? in annually winter burned grasslands along the Arakawa River floodplain near
Urawa City, Japan. Moist, tall grasslands were burned almost every year for the last 30 years. Seedlings were likely
counted in the first postfire year, although the precise time since fire was not reported. Skunkvine seeds were not
trapped in the annually burned area but were trapped in an unburned plot that had been cleared of vegetation in the
winter for the last 6 years [30]. A lack of skunkvine seed rain in the burned plot suggested that reproductively mature
skunkvine plants were absent from the burned plot and that seedlings established from soil-stored or off-site seed
sources. In another study of floodplain vegetation along Japan's Shinano River, regression analyses showed that
skunkvine was negatively correlated with burning and was rare on annually burned sites [18].

Skunkvine density was reduced by 95% after the 1st prescribed fire in sandhills vegetation on the Janet Butterfield
Brooks Preserve in Hernando County, Florida. Before any fires, there were 15 skunkvine stems/tree on control plots
and 13.2 skunkvine stems/tree on plots to be burned. In the 1st postfire month after the 1st prescribed fire in March,
researchers found no surviving skunkvine stems. One year following the fire, the density of skunkvine stems on burned
plots was 0.61 stems/tree, significantly lower than the prefire density (P<0.05). Density decreased by 33% on unburned
plots. Researchers did not speculate on the reason for density decreases on unburned plots. The density of skunkvine 1
year after the 2nd prescribed fire was 0.14 stems/tree. After 3 years without fire, the density of skunkvine was 2.82
stems/tree on burned and 5.5 stems/tree on unburned plots. Researchers suggested that smoldering in the substantial
duff layer where much of the skunkvine stem occurred may have been the reason for high skunkvine mortality. In
areas lacking a thick litter layer, fire-caused mortality of skunkvine may be lower than in this study [13].

FUELS AND FIRE REGIMES:
Skunkvine occurs in a variety of

habitats (see Habitat Types and
Plant Communities). Changes in the
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fire frequency or fire severity in
plant communities invaded by
skunkvine were not described in the
available literature (2009). However,
because skunkvine often grows into
tree canopies (reviews by
[10,50,62]) the chance of crown
fires could increase in areas with
skunkvine, altering the fire behavior
in areas adapted to primarily surface
fires. In sandhills vegetation in
Hernando County, Florida,
researchers reported that prescribed
fires laddered into tree canopies
because of nonnative vines.
Researchers reported that of the
monitored trees with nonnative
vines, 13 hardwoods and 1 longleaf
pine (Pinus palustris) died on the
burned plots, while just 2
hardwoods died on the unburned UGA2132042
plots [13].

Skunkvine in Camden County, Georgia, observed by an adjacent property
owner for 3 to 5 years prior to the photo date.
Photo © David J. Moorhead, University of Georgia, Bugwood.org

Through severe shading or excessive weight, skunkvine may increase the abundance of fuels by causing stem breakage
or mortality in shrub and tree populations (review by [10]). An increase in the abundance of dead material on a site
could lead to an increase in the fire frequency, intensity, or severity on an invaded site. Although these changes in fire
regimes and behavior are speculative, they highlight the need for more information about how skunkvine may affect
the fire ecology of invaded habitats.

For more information on the aggressive growth of skunkvine and its effect on associated vegetation, see Impacts. See
the Eire Regime Table for more information on fire regimes in plant communities where skunkvine may occur.

FIRE MANAGEMENT CONSIDERATIONS:

Preventing postfire establishment and spread: Skunkvine is common on disturbed sites [28], and seedling
establishment has been reported on burned plots [30]. These findings suggest that burned areas should be monitored
closely for skunkvine establishment. Because skunkvine seed may be dispersed by birds or other animals, a large
distance between burned areas and established populations may not exclude them as potential establishment sites.

Preventing the establishment of invasive plants in weed-free burned areas is the most effective and least costly
management method. This may be accomplished through early detection and eradication, careful monitoring and
follow-up, and limiting invasive plant seed dispersal into burned areas. General recommendations for preventing
postfire establishment and spread of invasive plants include:

« Incorporate cost of weed prevention and management into fire rehabilitation plans
« Acquire restoration funding
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« Include weed prevention education in fire training

« Minimize soil disturbance and vegetation removal during fire suppression and rehabilitation activities

« Minimize the use of retardants that may alter soil nutrient availability, such as those containing nitrogen and
phosphorus

« Avoid areas dominated by high priority invasive plants when locating firelines, monitoring camps, staging areas,
and helibases

« Clean equipment and vehicles prior to entering burned areas

 Regulate or prevent human and livestock entry into burned areas until desirable site vegetation has recovered
sufficiently to resist invasion by undesirable vegetation

« Monitor burned areas and areas of significant disturbance or traffic from management activity

« Detect weeds early and eradicate before vegetative spread and/or seed dispersal

- Eradicate small patches and contain or control large infestations within or adjacent to the burned area

« Reestablish vegetation on bare ground as soon as possible

« Auvoid use of fertilizers in postfire rehabilitation and restoration

« Use only certified weed-free seed mixes when revegetation is necessary

For more detailed information on these topics see the following publications: [2,4,12,57].

Use of prescribed fire as a control agent: Prescribed fire in sandhill vegetation in Florida reduced the density
of skunkvine dramatically in the 1st postfire year after a single fire. Density of skunkvine was lower on burned than
unburned plots for up to 3 years after 3 consecutive prescribed fires [13], suggesting that fire may be used to control
skunkvine. However, in the absence of fire, skunkvine populations were recovering. It is likely that successful
skunkvine management will require more than fire alone to eliminate skunkvine populations, because studies report
skunkvine occurrence on repeatedly burned sites [13,30].

Altered fuel characteristics: Because skunkvine utilizes other vegetation for structural support, it can damage or
kill this vegetation as well as provide ladder fuels into the canopy. This topic is discussed in Fuels and Fire Regimes.

MANAGEMENT CONSIDERATIONS

SPECIES: Paederia foetida

- FEDERAIL LEGAL STATUS

« OTHER STATUS

« IMPORTANCE TO WILDLIFE AND LIVESTOCK
« OTHER USES

« IMPACTS AND CONTROL

FEDERAL LEGAL STATUS:
None

OTHER STATUS:
Information on state-level noxious weed status of plants in the United States is available at Plants Database.

IMPORTANCE TO WILDLIFE AND LIVESTOCK:
Birds consume and disperse skunkvine seeds in Japan [53] and are suspected to do the same in the United States (see
Seed dispersal). In Citrus County, Florida, cattle grazed skunkvine, but grazing effects were not examined (review by

[10]).
OTHER USES:
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Several medicinal uses of skunkvine are reported in the literature, although their effectiveness has been poorly
researched. Skunkvine is said to have diuretic and emetic properties but is most commonly described in the literature
as a treatment for rheumatism (review by [39]). Other ailments reportedly treated with skunkvine include: headaches,
fevers, toothaches, herpes, chest pains, stomach discomforts, hemorrhoids, juandice, spleen inflammation, low fertility,
menopausal symptoms, skin ulcers, and snake bites (reviews by [10,39,46]).

IMPACTS AND CONTROL:

Impacts: Although quantitative studies on
the ecological and economic impacts of
skunkvine on invaded habitats are lacking,
anecdotal and visual evidence of
skunkvine's impact on native plants and
vegetation structure is abundant. As of 2005,
the Florida Exotic Pest Plant Council listed
skunkvine as a Category 1 invasive species
based on documented ecological damage. In
Florida, skunkvine has altered native plant
communities by displacing native species
and/or by changing community structure or
ecological functions [9]. In Mead Gardens
Park in Winter Park, Florida, skunkvine had
been established for years, but in 1992, park
officials reported that in several months of
rainy weather it increased in size and came
to occupy 6 acres (2.4 ha) of the 55-acre (22
ha) Park [35].

Skunkvine growing in Keaukaha, Hawaii
Photo © 2001 Forest and Kim Starr

Skunkvine has invaded many habitat types and is not restricted to disturbed areas [24]. As of 1996, skunkvine was
reported in natural areas of Florida's Hillsborough, Hernando, Pasco, Citrus, Marion, Sumter, Lake, Orange, and Polk
counties (Florida Exotic Pest Plant Council 1996 cited in [25]). There have also been recent expansions of skunkvine's
nonnative range to the north and south (see Local distibution changes).

Dense shading by extensive skunkvine clones as well as the weight of multiple climbing stems can eventually damage
or kill herbaceous vegetation, shrubs, and trees, creating canopy gaps. In these gaps, skunkvine establishment and
growth can be rapid, limiting the recruitment of shrub and tree seedlings and saplings and preventing normal forest
regeneration (reviews by [10,62]). In the Jungle Botanical Gardens in Iberia Parish, Louisiana, Thomas and McCoy
[54] found large skunkvine populations and likened their growth to that of Japanese honeysuckle (Lonicera japonica)
and Japanese climbing fern (Lygodium japonicum), two other nonnative species that have negatively impacted wildland
habitats. Near Asheville, North Carolina, a recently discovered skunkvine clone was climbing over shrubs, into low
tree branches, and along the ground for lengths of up to 13 feet (4 m). The clone had established beneath an American
beech (Fagus grandifolia) planted about 6 years earlier. The researcher speculated that skunkvine seed was a
contaminant in the tree's root ball or was dispersed by a migratory bird [8]. In Florida, observations suggest that dense
skunkvine growth has reduced the density and cover of native herbaceous species [13], and skunkvine has smothered
and killed portions of one of the few remaining populations of Cooley's water willow (Justicia cooleyi), a federal
endangered species (Bowman and Martin 1995 personal communiciations cited in [25]). In wet disturbed lowland sites
of Hilo, Hawaii, and on the island of Maui, skunkvine growth is dense and often forms blankets over other vegetation.
On Maui, skunkvine reaches at least 33 feet (10 m) into tree canopies [50].

In Hawaii, skunkvine is linked to economic impacts in ornamental plant nurseries. When skunkvine invades fields used


http://www.fs.fed.us/database/feis/plants/vine/paefoe/references.html#39
http://www.fs.fed.us/database/feis/plants/vine/paefoe/references.html#10
http://www.fs.fed.us/database/feis/plants/vine/paefoe/references.html#39
http://www.fs.fed.us/database/feis/plants/vine/paefoe/references.html#46
http://www.fs.fed.us/database/feis/plants/vine/paefoe/references.html#9
http://www.fs.fed.us/database/feis/plants/vine/paefoe/references.html#35
http://www.fs.fed.us/database/feis/plants/vine/paefoe/references.html#24
http://www.fs.fed.us/database/feis/plants/vine/paefoe/references.html#25
http://www.fs.fed.us/database/feis/plants/vine/paefoe/references.html#10
http://www.fs.fed.us/database/feis/plants/vine/paefoe/references.html#62
http://www.fs.fed.us/database/feis/plants/vine/paefoe/references.html#54
http://www.fs.fed.us/database/feis/plants/vine/lonjap/all.html#IMPACTS AND CONTROL
http://www.fs.fed.us/database/feis/plants/vine/lonjap/all.html#IMPACTS AND CONTROL
http://www.fs.fed.us/database/feis/plants/vine/lonjap/all.html#IMPACTS AND CONTROL
http://www.fs.fed.us/database/feis/plants/fern/lygspp/all.html#IMPACTS AND CONTROL
http://www.fs.fed.us/database/feis/plants/fern/lygspp/all.html#IMPACTS AND CONTROL
http://www.fs.fed.us/database/feis/plants/fern/lygspp/all.html#IMPACTS AND CONTROL
http://www.fs.fed.us/database/feis/plants/vine/paefoe/references.html#8
http://www.fs.fed.us/database/feis/plants/vine/paefoe/references.html#13
http://www.fs.fed.us/database/feis/plants/vine/paefoe/references.html#25
http://www.fs.fed.us/database/feis/plants/vine/paefoe/references.html#50

to propagate ornamental plants, control is difficult. Because nontarget effects must be minimized, the number of
potential control methods is reduced and often the labor and economic costs associated with control are increased [36].

Control: Control of nonnative invasive species is most effective when it employs a long-term, ecosystem-wide
strategy rather than a tactical approach focused on an individual species [29]. When targeting a nonnative species for
control, the potential for other invasive species to fill their void must be considered, regardless of the control method
used [5].

Fire: For information on the use of prescribed fire to control this species, see Fire Management Considerations.

Prevention: It is commonly argued that the most cost-efficient and effective method of managing invasive species is
by preventing their establishment and spread through the maintenance of "healthy" natural communities [29,47,56] and
by continual monitoring [19]. Maintaining the integrity of the native plant community and mitigating the factors that
enhance ecosystem invasibility are likely to be more effective than managing solely to control the invader [17].

Weed prevention and control can be incorporated into many types of management plans, including those for logging
and site preparation, grazing allotments, recreation management, research projects, road building and maintenance, and
fire management [57]. See the Guide to noxious weed prevention practices [57] for specific guidelines in preventing
the spread of weed seeds and propagules under different management conditions.

Physical or mechanical control: Hand-pulling and cutting the stems of established skunkvines rarely provides
effective control [24]. Seedlings and small plants may be easily pulled by hand, but cutting and pulling established
stems promotes sprouting (review by [62]). In Florida, skunkvine was sprouting 2 weeks after hand-pulling [52].
Stems within a skunkvine clone found near Asheboro, North Carolina, were pulled or cut in October 1998. Skunkvine
sprouts occurred by mid-April 1999 [8]. Researchers recommend careful disposal of cut or pulled stems to limit the
number of fruits, seeds, and stem fragments left on the treated site [24]. During seed bank studies conducted in
Florida, a fraction of skunkvinve seeds remained viable for at least 3 years, suggesting that treated sites should be
monitored for seedlings for at least 4 years [26].

Biological control: There has been testing on a Japanese flea beetle (Trachyaphthona sordida) that appears to be a
skunkvinve specialist [37]. As of 2009, no biological controls had been released.

Many factors must be considered and evaluated before biological controls are released. Refer to these sources: [59,64]
and the Weed control methods handbook [55] for background information and important considerations for developing
and implementing biological control programs.

Chemical control: Sprouting is common after herbicide treatments on skunkvine [28]. A single herbicide application
does not control skunkvine [24]. When skunkvine is growing over or in desirable native vegetation, vines should be
pulled off of this vegetation before herbicides are applied. Herbicides are considered most effective if applied while
skunkvine is actively growing in the spring or summer [28].

A review recommends cutting skunkvine stems and then applying herbicides to cut bases and prostrate stems. This
method should increase the effectivness of herbicides and minimize nontarget effects [10], but treated sites should
probably be monitored for seedling establishment for at least 4 years [26].

While herbicides are effective in gaining initial control of a new invasion or a severe infestation, rarely do they provide
a complete or long-term weed management solution [7]. See the Weed control methods handbook [55] for
considerations on the use of herbicides in natural areas and detailed information on specific chemicals.

Integrated management: No information is available on this topic.

APPENDIX: FIRE REGIME TABLE
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SPECIES: Paederia foetida

The following table provides fire regime information that may be relevant to skunkvine habitats. Follow the links in
the table to documents that provide more detailed information on these fire regimes.

Fire regime information on vegetation communities in which skunkvine may occur. This
information is taken from the LANDFIRE Rapid Assessment Vegetation Models [23], which
were developed by local experts using available literature, local data, and/or expert opinion. This
table summarizes fire regime characteristics for each plant community listed. The PDF file linked
from each plant community name describes the model and synthesizes the knowledge available on
vegetation composition, structure, and dynamics in that community. Cells are blank where
information is not available in the Rapid Assessment Vegetation Model.

South-central US Southern Appalachians Southeast

South-central US

« South-central US Grassland
« South-central US Woodland
» South-central US Forested

| Fire regime characteristics |

Vegetation Community (Potential Natural Fire Percent Mean ||Minimum || Maximum
Vegetation Group) severity™ of fires interval|| interval || interval

(years) || (years) (years)

South-central US Grassland

Southern shortgrass or mixed-grass prairie [[Replacement||{100% ||8 1 10

IReplacement|91% |5

Southern tallgrass prairie

Mixed 9%  ||50
IReplacement|3% (100 |5 110 |

0ak savanna [Mixed 5% |60 |5 250 |
Iso‘i'l'\r,face or lozw |3 1 4

South-central US Woodland

IReplacement 1% 227 || [ |

Oak-hickory savanna ISurface or |lagos 32

ow

IReplacement|11% |50 || | |
Oak woodland-shrubland-grassland [Mixed [56% |10 | [ |
maosaic ISurface or llangs 17

ow

IReplacement[3% (150  [100 300 |



http://www.fs.fed.us/database/feis/pdfs/PNVGs/About LFRA Vegetation Models.pdf
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http://www.fs.fed.us/database/feis/pdfs/PNVGs/South_Central/R5OASA.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/South_Central/R5OHSA.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/South_Central/R5LOSApa.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/South_Central/R5LOSApa.pdf

Interior Highlands oak-hickory-pine

Surface or

low 97% 4 2 10
IReplacement|4%  [[100 || [
Pine bluestem ﬁ)%face o o6 4
South-central US Forested
IReplacement|7% (250 |50 300 |
Interior Highlands dry-mesic forestand  |[Mixed 18% |90 20 150 |
woodland
ﬁ)‘jlf,face o 7506 22 |5 35
IReplacement|[2%  |[190 || [ |
Gulf Coastal Plain pine flatwoods Mixed 3% 170 | | |
Isoli/:/face or 95% 5
IReplacement|4% (100 |50 200 |
West Gulf Coastal plain pine (uplands and |[Mixed 4% 100 |50 [ |
flatwoods
ﬁ)‘flf,face o logo la 4 10
[Replacement|[3%  |[100 {20 200 |
West Gulf Coastal Plain pine-hardwood |[Mixed 13% 100 |25 | |
woodland or forest upland
Isolwace or loags |I3 3 5
IReplacement|42%  [[140 || [ |
Southern floodplain ﬁ)%face or [ego 100
[Replacement][42%  [[>1,000 || [ |
. .
Southern floodplain (rare fire) ISOL:Lface or gy, 14
Southern Appalachians
« Southern Appalachians Grassland
« Southern Appalachians Woodland
« Southern Appalachians Forested
| Fire regime characteristics |
Vegetation Community (Potential Natural Fire Mean |[Minimum || Maximum
Vegetation Group) severity™ P?:Efnt interval|| interval || interval
oTires (years) || (years) (years)
Southern Appalachians Grassland
IReplacement|50% |10 || [ |
Eastern prairie-woodland mosaic |MiX6d Hl% ”900 ” H |
e T
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http://www.fs.fed.us/database/feis/pdfs/PNVGs/S_Appalachians/R8PRWMe.pdf

Southern Appalachians Woodland

IReplacement (4% 125 || |
Appalachian shortleaf pine |MiX9d ”4% ”155 ” “
ISurface or 92% 6
ow
Southern Appalachians Forested
[Replacement|[25%  [[435  |[200 >1,000
Bottomland hardwood forest |Mixed ”24% ”455 ”150 HSOO
ﬁ)‘i',[,face o ls1% [210 |50 250
IReplacement|11%  [665 || [
Mixed mesophytic hardwood |MiXEd HlO% ”715 ” H
ISurface or 79% 90
ow
IReplacement|3% (180 (30 500
Appalachian oak-hickory-pine |Mixed ”8% ”65 ”15 H150
ﬁ)‘i',[,face o llgewe |6 3 10
IReplacement|6% (128 |50 100
Oak (eastern dry-xeric) |MiXEd H16% ”50 ”20 H30
IS”rface o ll7a%s |10 1 10
ow
IReplacement|20% (110 |25 125
Appalachian Virginia pine |Mixed ”15% ”145 ” H
ﬁ)‘i',[,face o lleaw |35 10 40
IReplacement|6%  [220 || [
Appalachian oak forest (dry-mesic) |MiXEd H15% ”90 ” H
ISurface or 79% 17
ow
Southern Appalachian high-elevation |Replacement||59% ”525 ” “
forest Mixed 4%  |[770
Southeast

« Southeast Grassland
« Southeast Shrubland
« Southeast Woodland
« Southeast Forested

| Fire regime characteristics

Vegetation Community (Potential Natural Fire

Mean |[Minimum || Maximum
‘ Percent ”
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Vegetation Group) severity* f firag |interval|| interval | interval
oTTITes (years) || (years) (years)
Southeast Grassland
Floodplain marsh Replacement|{100% ||4 3 30
Replacement([17% (120 || [
Pond cypress savanna |MiX6d H27% ”75 ” H
IS(.)L:Lface or sy 35
rSn%L:gr]\ern tidal brackish to freshwater Replacement||100%  |[5
[Replacement|[2%  |[165 (10 500
Gulf Coast wet pine savanna [Mixed 2% 1500 | |
ISurface or lagos 3 1 10
ow
Southeast Shrubland
[Replacement|[1%  |>1,000 |30 >1,000
Pocosin .
Mixed 99% 12 3 20
Southeast Woodland
IReplacement|[3%  [[130 || [
Longleaf pine/bluestem
Longleaf pine/bluestem Surface or 7% 4 1 e
low
[Replacement|[3%  |[110 {40 200
Longleaf pine (mesic uplands) ﬁ)%face or g7, 3 1 e
IReplacement|3% (130  [25 500
Longleaf pine-Sandhills prairie Isolwace or [lg7, 4 L 10
IReplacement|64%  ||7 5 500
pond bine Mixed 5% |18 |8 [150
ISurface or 1100 43 9 50
ow
IReplacement|6% (50 (50 90
South Florida slash pine flatwoods %i,(,face o o496 3 1 6
IReplacement|[4%  [[100 || [
Atlantic wet pine savanna |MiX6d HZ% ”175 ” H
|Surface or H94% ”4 H H
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http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9FPMA.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9PCSA.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9SMAR.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9SMAR.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9WPSAgu.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9PCSN.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9LLBS.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9LLMU.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9LLSH.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9POPI.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9SFSP.pdf
http://www.fs.fed.us/database/feis/pdfs/PNVGs/Southeast/R9WPSAat.pdf

| [low | | | | |

Southeast Forested

IReplacement|90% (45  [10 100 |
Sand pine scrub )

Mixed 10% (400 |60

IReplacement|4%  [200 || [ |
Coastal Plain pine-oak-hickory Mixed 7% [100 | | |

ISOliLface or 89% 8

IReplacement|18%  [l40 || 500 |
Maritime forest [Mixed [2%  [310 100 500 |

ISOL:Lface o llsowe |9 3 50

[Replacement|3% (65 |5 (150 |
I\/IeSIC-dry flatwoods ﬁ)lc\’,face or 97% 5 1 8

IReplacement|[76%  |[25

South Florida coastal prairie-mangrove

swamp Mixed 24% 80

[Replacement[[7% (900 || [ |
Southern floodplain
Southern floodplain Isurface or 93% 63

ow

*Fire Severities—

Replacement: Any fire that causes greater than 75% top removal of a vegetation-fuel type, resulting in general
replacement of existing vegetation; may or may not cause a lethal effect on the plants.

Mixed: Any fire burning more than 5% of an area that does not qualify as a replacement, surface, or low-severity fire;
includes mosaic and other fires that are intermediate in effects.

Surface or low: Any fire that causes less than 25% upper layer replacement and/or removal in a vegetation-fuel class
but burns 5% or more of the area [16,22].
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