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INTRODUCTION

Invasive species are recognized as one of the most important threats to biodiversity and
native ecosystem functioning worldwide (Wilcove, 1998), making awareness and knowledge of
invasive species integral to ecological restoration and natural resources management. Invasive
species often impact their introduced environments on numerous ecological scales because they
are imbued with traits that allow them to directly or indirectly outcompete native species.
Rhamnus cathartica and Lonicera maackii are two invasive woody shrubs common in Michigan
and distributed across North America. In the face of these prolific species, land managers have
been working to understand the ways R. cathartica and L. maackii impact native ecosystems and
the methods that are best used to reduce their distribution and abundance, thus aiding in restoring
native ecosystem functioning. Management methods to date have often relied on a combination
of mechanical (with an emphasis on prescribed burns) and chemical controls.

Rhamnus cathartica, or common buckthorn, is a shrub or small tree that was first
introduced to North America from Europe and western Asia during the 19th century (Godwin,
1943; Mascaro and Schnitzer 2007). It is now very invasive in Ontario, Canada, the midwest
states, and from Colorado to Nova Scotia, Canada (Kurylo ef al., 2007). Studies find that this
species was brought to North America for a variety of uses: originally perhaps for medicinal
purposes but also potentially for ornamental, hedge, and/or shelterbelt purposes (Kurylo et al.,
2012). It spread from New England to the west and north likely through commerce (Leslie
1864) and fruit and seed-eating animals that spread buckthorn’s seeds from homesteads to new
ecosystems (Kurylo et al., 2012).

Lonicera maackii, commonly known as Maack’s Honeysuckle or Amur Honeysuckle,
was introduced to the United States in 1898 when it was imported to the New York Botanical
Garden from East Asia (" Lonicera maackii (Amur honeysuckle)", 2019). By the early 1900s, L.
maackii was utilized for soil stabilization by the USDA and sold widely in nurseries. The first
record of naturalized populations came in the 1920s, though reports substantially increased from
the 1950s to the 1970s (Luken and Thieret, 1996). L. maackii is now present in 36 states and
considered invasive in 16, including Michigan ("Lonicera maackii (Amur honeysuckle)", 2019).

The purpose of this paper is to examine the ecology and management of R. cathartica and
L. maackii. The key questions to be addressed are: what traits allow these invasive species to be
successful in their invaded environments, what is the impact of their invasion on native
ecosystems, and what management strategies have proved most successful.

LITERATURE SURVEY METHODS

The studies and reviews utilized for this paper were found using the Google Scholar
search engine and database. The authors accumulated sources via tracking references cited in



review papers. Individual searches supplemented this method, using keyword searches that used
exclusively the latin name of both species to ensure accuracy across sources paired with relevant
words such as “invasive,” “ecosystem impacts,” and “management”. This paper is the
culmination of numerous review papers, databases, and experimental studies.

DISCUSSION

There is a wide body of scientific literature dedicated to uncovering the environmental
and physiological factors that allow non-native species to establish themselves as an invasive
species. In a meta-analysis of 117 field and experimental-garden studies, Van Kleunen et al.
(2010) concluded that invasive plant species generally have higher values of performance-related
traits characterizing physiology, shoot allocation, leaf-area allocation, growth rate, size, and
fitness than non-invasive plant species. Such traits inform invasion theories such as the enemy
release hypothesis and novel weapons hypothesis, which respectively posit that non-native
species are not subject to their native predators in invaded environments, and that non-native
species are likely to have traits allowing them to outcompete native species unaccustomed to
such strategies. It follows that our study species, R. cathartica and L. maackii, being classified as
invasive species in numerous locations, also exhibit their own combinations of these traits. Both
species are the subjects of extensive efforts to determine the most effective measures for invasive
species management. Such efforts suggest early detection of invasive species is an integral,
proactive approach to management; early detection, such as satellite imaging, allows for
eradication of non-native populations before they become too widespread to control (Moody &
Mack, 1988). After a population becomes established, it is usually more difficult to successfully
slow the spread of invasion. Methods for managing these populations of invasive species often
follow an integrated pest management (IPM) approach, utilizing biological, mechanical, and
chemical methods to ensure successful eradication of individuals.

Rhamnus cathartica

The invasive Rhamnus cathartica is a shrub brought to North America that can grow in
dense monospecific thickets with few other species in proximity, therefore dominating the
understory (Archibold et al. 1997). This ability to take over habitats is one of R. cathartica’s
many traits that make it extremely invasive. Its physiological adaptations, seed adaptations and
dispersal methods, nitrogen fixation, and symbiotic relationship with invasive earthworms allow
this species to dominate novel ecosystems.

Physiology and Ecological Adaptations

R. cathartica can act as a fairly generalist species, which allows it to persist in a variety
of environments. It is able to survive drought and flood conditions (Stewart and Graves 2004),
and this generalist nature may explain its invasive success (Seltzner and Eddy 2003). Further, the
phototrophic adaptability of R. cathartica may also explain its invasibility. It can tolerate shady
conditions (Archibold et al. 1997) but will quickly take advantage of sunlight gaps in forests and



grow quickly (Knight et al., 2007). Therefore, when there are gaps in the canopy due to windfall
or other events, R. cathartica may be the first species to colonize this new gap.

R. cathartica is a species with a fast growth rate as well. According to a study by
Harrington et al. (1989), R. cathartica grew faster than the other shrub species including
Lonicera x bella, Prunus serotina, and Cornus racemosa. Additionally, this study showed that R.
cathartica had the highest percent nitrogen in its leaves during the growing season compared to
other shrub species. Higher nitrogen levels are correlated with higher rates of photosynthesis and
carbon gain, which helps to explain R. cathartica’s more rapid growth.

The phenology of R. cathartica also helps to explain its vigorous invasibility. According
to Schuster et al. (2020), buckthorn growth and survival correlates more with spring and autumn
light availability than summer. Other studies, like Knight et al., 2007, also found that buckthorn
has a longer leaf-out phenology than native species in its range, and therefore, can avoid shading
and assimilate carbon to grow and survive. R. cathartica is able to produce higher levels of
photosynthetic carbon when overstories above it are not fully leaved (Harrington et al. 1989).
This light availability in spring and autumn, in turn, is the largest factor influencing the degree of
buckthorn invasion in an area. Ecosystems with evergreen canopies negate the ecological
advantage that R. cathartica has by early leaf-out and late leaf-fall, unlike deciduous canopies.
(Fridley, 2012). Thus, some forests can more effectively resist buckthorn because they are
shaded in the spring and autumn, even though buckthorn can be somewhat shade-tolerant.

Fruit development, seed dispersal, and germination in R. cathartica give additional
insight to its invasibility. A study from 1936 by Godwin described fruit production by R.
cathartica as “very prolific” and a study by Archibold et al. in 1997 described it as “aggressive.”
Therefore, R. cathartica is producing many drupes that are then able to be dispersed and drive up
buckthorn populations in other areas. Birds are the main dispersers of R. cathartica (Sherburne
1972; Archibold et al. 1997) and due to the laxative chemical anthraquinone in the drupes, birds
will disperse seeds locally due to the rapid cathartic release (Seltzner and Eddy 2003). This is
significant because R. cathartica seedlings are especially successful near mature conspecifics
(Knight 2006). There have been observations of greater densities of R. cathartica seedlings
under conspecifics in Europe and North America (Kollman and Grubb 1999; Leitner 1985). The
evolved adaptations of R. cathartica and its ecological interactions explain why it is such a
formidable invasive species.

Effects on Native Flora and Fauna

The dense thickets of a successful R. cathartica invasion can generate a multitude of
issues for native plants and wildlife. Thickets can reduce the amount of sunlight that reaches the
forest floor, and ultimately this can limit light that penetrates to shorter vegetation (Leitner
1985) and subsequently reduce herbaceous plant cover in areas with high R. cathartica density
(Alsum 2003). Sunlight is often a limiting factor for plant growth, and R. cathartica is limiting
sunlight allocation to native species.

Further, the presence of R. cathartica and the soil and other environmental conditions the
species creates may lead to further invasion by other nonnative species. According to Alsum
(2003) more weedy and exotic species were found in plots planted with R. cathartica, including
increased Lonicera spp. coverage and lower overall richness of herbaceous species. However,
this effect in the study may be entangled with effects from shade and competition for resources.
Yet, other studies that focused on the removal of R. cathartica from an area may substantiate



Alsum’s claim. When R. cathartica was cut and treated with herbicide in a study by Boudreau
and Wilson (1992) native plants reappeared, but not without some other invasive species also
cropping up.

Wildlife can be impacted by R. cathartica invasions. Birds may be detrimentally affected,
like in the study by Schmidt and Whelan (1999), which found that birds that nest in invasive
shrubs are more likely to be predated upon compared to birds nesting in native shrubs. Buckthorn
invaded sites in a study by Vernon et al. (2014) changed habitat use and wildlife presence by
white-tailed deer, coyotes, opossums, and raccoons. This study showed that some
mesocarnivores may pass more through buckthorn invaded sites because of easily accessible bird
eggs as stated in the previous study. Earthworms are also more prevalent in buckthorn invaded
sites (Heneghan et al. 2006) and are an opportunistic food source for opossums and racoons.

R. cathartica has the ability to change soil chemistry and moisture, and therefore, alter
entire ecosystems. As mentioned previously, this species has a high concentration of nitrogen in
the leaves, therefore, leaf litter surrounding stands of R. cathartica will also be high in nitrogen.
The nitrogen concentration levels can be 1.1-1.9% in senesced leaves (Kennedy 2000) and 2.2%
N in leaf litter (Heneghan et al. 2002). This litter decomposes rapidly and mixing R. cathartica
litter with native tree leaf litter causes the native litter to decompose rapidly as well (Heneghan
et al. 2002). When leaf litter decomposes rapidly the forest floor can transform into bare soil
underneath stands of R. cathartica (Kollmann and Grubb, 1999), which is problematic for
native species because R. cathartica has higher seedling emergence rates in bare soil conditions
(Gill and Marks 1991).

Given the soil conditions that R. cathartica prefers, this species has an interesting
symbiotic relationship with invasive species of earthworms in its North American range.
Earthworms feed on and reduce leaf litter, ultimately affecting soil chemistry and cycles similar
to R. cathartica (Bohlen et al. 2004; Hale et al. 2005). Leaf litter that is high in nitrogen is
especially attractive to earthworms (Hendriksen 1990) and could increase earthworm
populations. Therefore, we see that R. cathartica leaf litter, with high nitrogen content, is
preferable to earthworms (Hendriksen 1990) and in turn, earthworms create more bare soil that is
advantageous for R. cathartica seedling emergence (Gill and Marks, 1991). Thus, a positive
feedback loop between R. cathartica and earthworms encourages the growth of each invasive
species’ population.

An important ecosystem that suffers from the domination of R. cathartica are oak
openings or oak savannas. They are a “globally rare ecosystem” found in southeast Michigan and
northwest Ohio (Becker et al., 2013). A study by Becker et al. in 2013 utilized Landsat imagery
to analyze land surface phenologies of buckthorn populations in oak openings using a multi-year
data set. Field measurements were also taken to verify remotely sensed buckthorn species
thickets. Thickets of R. cathartica were found throughout the oak opening region, especially in
areas that receive drainage from agricultural plots. The data collected also showed where
removal methods worked and reduced buckthorn populations in an area. The management tools
and techniques for R. cathartica in oak openings and other native ecosystems are important to
know as this species continues to spread.

Management Methods and Success

The spread of R. cathartica must be slowed and can be done through a variety of
management methods. Management efforts can be organized by federal, state, and local agencies



or private organizations. Often, the extent of management can overwhelm these organizations
and the use of volunteers becomes necessary. A report by John Moriarity as part of a symposium
on R. cathartica at the University of Minnesota in 2005 describes several conventional
management methods and is a good starting point for discussing this subject.

Mechanical management of buckthorn can involve hand-pulling for small saplings, a
good exercise for smaller areas and when children and volunteers are involved. Root wrenches
can also be used on larger buckthorn individuals but is a slow process also not suited for large
areas and can cause soil disturbance.

Chemical treatment is effective against R. cathartica, especially when boles are cut or
girdled. Stump treating by resource managers using glyphosate or Triclopyr is common, works
well for larger stumps, and can be done over larger areas than mechanical techniques. Moriarty
notes that they have used this method to “treat over 300 acres in Ramsey County Parks.”
Archibold et al. (1997) also supports glyphosate as an effective herbicide to treat R. cathartica,
describing how only 6% of the stumps treated with Round-up in their study resprouted, and these
sprouts were much weaker.

Looking further into chemical applications to R. cathartica, stump treating and basal bark
treatment are still slower techniques compared to foliar spraying. The former two treatments
require targeted application or mechanical processes, whereas foliar spraying can treat even
larger areas (Schuster et al. 2020). However, foliar spraying can affect non-target species; such is
the case for fosamine ammonium (Krenite). This chemical has high efficacy against R. cathartica
according to Schuster et al. (2020), but it negatively impacts native forb cover if foliar spraying
is not carefully planned. The label for this herbicide recommends use 2 months before leaf
senescence, which is tricky to plan around as this is when many native plants are still fully
leaved. Due to the risks of foliar spraying, Luken et al. (1994) suggests that foliar spraying be
conducted after initial brush management (as listed in mechanical management and the
beginning of this paragraph) and that restoration seeding of native plants be delayed one growing
season for positive long-term effects.

Fire is a physical tool used by resource managers to reduce R. cathartica coverage in
native ecosystems. A single prescribed burn may not be very effective against R. cathartica
thickets, but several successive burns can reduce density (Archibold et al. 1997), and is
especially effective against seedlings. The Archibold et al. study (1997) also highlights how fires
that occur after herbicide applications can be useful. Additionally, prescribed burns are useful in
areas that are adapted to fire, like oak forests (Kline 1981), meaning native plants are adapted to
and resistant to fire and will not be harmed by a prescribed burn. These burns are generally
conducted between March and May when there are low carbohydrate levels which reduces
re-sprouting vigor (Gale 2000). Unfortunately, in forested areas heavily populated by R.
cathartica there may be less leaf litter, and leaf litter is a necessity to move fire to different areas,
rendering fire less effective (Gale 2000).

Lonicera maackii
Like R. cathartica, Lonicera maackii exhibits a number of advantageous physiological
and life-history traits that allow it to become a highly-successful invasive shrub, particularly in

the forests of eastern North America (McNeish & McEwan, 2016).

Physiology and Ecological Adaptations



L. maackii’s suite of traits increases its invasion potential throughout all life stages,
beginning with seed dispersal. L. maackii seeds are produced in substantial quantities by large
fruiting events, and the seeds contained in these berries are capable of long distance dispersal via
abiotic vectors (stream corridors) and biotic vectors (native bird and white-tailed deer which act
as true dispersers, eating only the fruit and defecating the seeds). The reproductive morphology
of L. maackii makes dispersal by birds and mammals prominent, as seeds are packaged in
berries--meaning a completely soft (and desirable) pericarp. In fact, Castellano and Gorchov
2013 found that 68% of L. maackii seeds were still viable after passing through the intestinal
system of white-tailed deer, which specifically supports dispersal to edge habitats, or areas where
one habitat meets another. This effect is compounded by the fact that, similar to many other
invasive plant species, the phenology of L. maackii differs from native species in the invaded
habitat (McNeish & McEwan, 2016). In comparison with native species, L. maackii has a longer
growing season, with leaf development occurring two to three weeks earlier in the spring and
leaf abscission occurring well into the winter owing to the freeze-resistance of the leaves
(McEwan et al., 2009a). This often results in L. maackii being a reliable food source during
months wherein native plants are dormant. Not only are seeds widely distributed, they are
capable of germinating in a wide range of light, temperature, and soil conditions (McNeish &
McEwan, 2016). These traits provide L. maackii the many advantages of dispersal including
encountering favorable habitats and promoting gene flow, allowing it to establish quickly and
widely in their introduced environments.

After germination, L. maackii shrubs continue to exhibit the environmental plasticity
shown by its seeds; individuals can thrive in a variety of environmental conditions, including the
darker and disturbed areas where native species have trouble establishing. Luken et al. 1997
found that while shrubs produced significantly more fruit in high sun environments, they can
utilize a range of light levels more effectively than native species. Rapid growth further favors
the establishment of L. maackii stands. As an immature shrub it rapidly produces many stem
shoots, later shifting resource allocation to height and reproduction, leading to the formation of
dense thickets (Deering & Vankat, 1999). Further contributing to dense stands is L. maackii’s
ability to resprout upright stems when they are clipped or otherwise damaged (Deering &
Vankat, 1999).

This combination of dispersal ability, environmental plasticity, and phenology gives L.
maackii the ability to outcompete native plant species, rapidly colonizing both ideal
environments and diverse or disturbed habitats where native species struggle to establish. Thus,
L. maackii is able to quickly reach invasion status in introduced habitats. The ecological impact
of this invasion increases with population density and stretches across numerous ecological
scales.

Effects on Native Flora and Fauna

L. maackii impacts its invaded environments on almost every level from soil to bird
community composition via both chemical and physical pathways. Interactions between L.
maackii and native flora and fauna run the gamut from direct to indirect and individual to
ecosystem level. Susceptible habitats can include riparian areas, where distribution of seeds from
stream corridors allows for seedling establishment, and forest understories are prairies, where
species depend on light availability for growth. This section will explore these individually,



though it is integral to consider the way these effects work together to cumulatively alter the
invaded environment.

L. maackii alters soil composition as leaf-litter breakdown is five times as fast as many
native plant species and has greater nitrogen and less lignin, supporting microbial communities
distinguishable from those produced by native plants (Arthur et al., 2012).

Perhaps the most visible impacts of L. maackii invasion occurs between L. maackii and
native plant species. There is direct competition between these groups as L. maackii can be
allelopathic, producing secondary metabolites in leaves, roots, and shoots that reduce the
germination of native herbaceous species (McNeish & McEwan, 2016). Studies have shown that
these secondary metabolites inhibit germination of native species like jewelweed, tall
thimbleweed, and four grass and forb species (Dorning & Cipollini 2006, McEwan et al. 2010).
Moreover, there is abundant indirect competition between these groups. Dense stands of L.
maackii lead to a reduction in light reaching the understory, thus reducing the abundance and
richness of native plant species growing below their arching branches. Empirical evidence
suggests that forests invaded by this shrub have significantly less herb fecundity, fitness, and
growth (Gould & Gorchov, 2000). Native tree sapling abundance also decreases under L. maackii
invasion, decreasing the recruitment of secondary forests (White et al., 2014). These interactions
are predicted to alter species composition in invaded forests, which ultimately impacts
community structure, function, and successional trajectories (Hartman & McCarthy, 2008).

The chemicals and allelopathy that impact soils and native plants also impact amphibian
communities, showcased by the changes in development and behaviors in American Toads
connected to leaf litter and soil contaminated with L. maackii secondary metabolite leachate
(Hickman & Watling, 2014). Amphibian communities are also impacted by physical habitat
alteration, exhibiting reduced diversity in habitats where temperature and humidity were
decreased due to shading from L. maackii (Watling et al. 2011c). Additionally, dense L. maackii
thickets have differential impacts on arthropod communities. For example, McKinney and
Goodell 2010 found that the presence of L. maackii reduces pollination visits to spotted
geranium, while Goodell et al. 2010 found that the presence of L. maackii increases pollination
visits to the largeleaf waterleaf. Empirical studies have shown that some arthropod guilds, such
as ground spiders, increase in abundance in L. maackii plots, while others decrease (McNeish &
McEWan, 2016). It is important to note that Acari (mites and ticks) are one of the groups that
demonstrate increased abundance in L. maackii plots (Christopher & Cameron, 2012). This
evidence, along with results from Shewhart el al. 2014 that show increased mosquito egg
survivorship in L. maackii stands, suggests that L. maackii may impact mosquito and tick
populations-ultimately affecting the incidence of human disease (McNeish & McEwan, 2016).
Moreover, the extensive branching in dense L. maackii thickets impacts avian community
composition in two major ways. First, the increased habitat leads to L. maackii invaded forests
having increased densities of understory bird species and decreased densities of upper-canopy
birds (McCusker et al., 2010). Second, the bushy growth pattern has been connected with
increased perching sites for brown-headed cowbirds, leading to increased brood parasitism and
reduced annual bird reproduction (Rodewald et al., 2010). Not only do these thickets alter native
habitats, the fruit does not offer a significant source of nutrition for birds and mammals
(McNeish & McEwan, 2016).

The combination of these interactions is representative of the larger scale alterations in
ecosystem function and processes that are facilitated by the invasion of L. maackii. Taken
together, it has been shown that L. maackii alters invaded ecosystems at every level: nutrient



cycling, soil microbial communities, plant species growth and composition, animal species
richness and abundance, and possibly vector-borne disease incidence in the cases of
disease-carrying ticks and mosquitos. These findings support the hypothesis that the effects of L.
maackii are complex and vary across ecosystems and ecological scales (McNeish & McEwan,
2016). The scope of L. maackii impacts leads to an increased need to understand its spread and
management.

Management Methods and Success

L. maackii management methods follow the general guidelines utilized for the
management of many invasive species. Researchers have found that remote-sensing images are
especially beneficial for early detection of L. maackii populations in a cost-effective manner
(Huang & Asner, 2009), and the extended leaf phenology differs from most native plants,
allowing for detection in the early spring and late fall using image differencing of satellite
images (Wilfong et al., 2009). These methods, when used in tandem with ground observations,
create a cost-effective early detection plan likely to reduce time and resources required for
management later on.

Many studies have been conducted in order to identify the most effective L. maackii
management strategies. Similar to the Integrated Pest Management system mentioned earlier,
studies have shown that the largest reductions in L. maackii individuals occur when mechanical
management methods are combined with chemical management methods. Most methods begin
with the mechanical process of stem cutting followed by pesticide application. Schulz et al.
(2012) found that seasonal stem cutting followed by stem application of 18% glyphosate was up
to 29% more effective (56% vs. 75-85%) than stem cutting followed by foliar pesticide
application. This result was confirmed by Rathfon and Ruble, who upon testing four removal
methods, found that stump cutting coupled with chemical application was most effective against
large individuals. These methods have been found to be six times more successful when
employed annually until eradication than when used only once (Loeb et al., 2010). In an
experimental removal/nonremoval study, Hartman and McCarthy found that three years after
removal of L. maackii, seedling survivorship was significantly greater than in plots with L.
maackii. These results are bolstered by Runkle et al., who found that seven to eight years after L.
maackii removal, plant cover, tree seedling density, and plant species richness increased.

These methods are effective, but questions remain about their usefulness on large and
distributed L. maackii populations. Wider scale management methods may need to be employed
to address heavily invaded ecosystems. Prescribed fire has been used to control L. maackii along
with other invasive species. Fire has produced limited morality on bush honeysuckle species in
spring, summer, and fall season burns (Zouhar et al., 2008). Fire has seen success completely
killing young L. maackii individuals, but after one burn will likely only top-kill adults, allowing
them to resprout from their intact roots (Czarapata, 2005). Ultimately, the chosen management
method is context specific, and thanks to extensive research, land managers have an arsenal of
methods to choose what best fits the needs of the ecosystem.

CONCLUSION

The two species explored in this report, Rhamnus cathartica and Lonicera maackii, tend
to have similar ecologies, coexist in similar spaces, and require similar management tactics.



These species pose significant problems across North America, including Michigan, and
exemplify the traits essential to invasion ecology such as differential phenology and
environmental plasticity. It is imperative that restoration managers understand the traits that lead
to the invasion of R. cathartica and L. maackii in order to avoid new invasions and mitigate
populations already existing. Without further research into management techniques, especially
techniques that focus on invasion prevention, there is a slim chance of eradication of these
species in North America. Prevention is the key practice going forward in order to avoid
spreading management resources ever thinner to combat the spread of these woody invasive
species.
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(Heneghan ot al. 3H) Whes lead Bser decomposss mpidly S5 forest foor can smansfors ims
Bare sojl endemesth siends of B cotheriea (Kollmssn end CGeabsh, 1599, which & pro®ematic
for Sarve spevid becaiies B cothontea Ten higher seadling emempetos flsd i bhare socl
condtions (Gill and Marks 1991

Given the soil comditions thai & csbasvios prefers, this species has an insoresiing
symhiom relationship with myvashoe species of sanbworss in its North Amencan rarge.
Fanhworris Sed an end pedic: leal Timer, ullineaely affecting soil chemintry sad cyclis dindar
b . cothardos (Foklen slal, 2004, Hale o al, 2005, Lzl Himer thet i high in fdbeogen =

l:h\l:nl.h: wlcml,ll‘malh.ll B, cathartica prelers, this specics has an inleresding
=y L i with ver apeies of caribwuma i its Morh Amerizan mange
Eardworms Ssed on and reduce leaf bmer, uhimacehe af¥sciing soll chermdsiry and oycles similar
'n:-R.-.ﬂun\len}.Im eial. 20008 Bk e al. 200%). Leal liner that is high in nimogen is

Irsctive: i k [Hizalril 1Y) sl eeuldl ineresse cethwomm
?qulllm:l.'l'l'::rﬁqu:hrclhlﬂ catharica bl liner, with high silregen cntesl, i
bl iy earth [Heezalrnk 19000 el i berms, carfianinma coeale men: Bane il Bat i

mmu,:-.'-:uﬂ:tﬁ'. vitarrioag seedling emergence (Gl and Maris, 1591). Trus, & positive
Teadback loop Between & catharties and earibwerms encourages the grows of cach myvasve
sperie” populition,

An srperasl conayelin Bl effers Mom Be domisaion ol R, catkartios ine cak
eperenagy or dak dvidnale They ise a = gobally riee eeospilen” faind in soilbeas Miclegan
and mortheeesi Ohio (Becker ef al., 200 5}, A study by Docker e al. in 2005 utilimed Landsat
imagery o analyze land surfice prenclogies of buckibom populations i ok openings using a
Euilli-year s @l Fiehd sesunement wese il when W verily semotely seased bodihors
ageciin thickers, Thickes of B, cothartion wene foiind oo ghoul The oik opssing regios,
caperlly in ipeas that peceive dramage Tiom agiceliunl ples. The das enlleeiad ok shiwed
where remonal meihods worked and reduced buckihorn popelasons in as arca, The management
seals mnd tochnigues for A covhartion T oak openings and cther native coosystems arc impaorian
e he2orw a8 this species conlinies 10 speead.
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Management Methods aml Success

T spread of B cathamica must be slowed end can be dore through a veriety af
T B EET methads. Maragemen llians cen e organiesd by faderal, sne, and 'hu:n] Eencies
or privade organteations, Cilen, the exient of maragement can overwhelm thess
and the use of volumicers beromes necesary, A report by Joln Moriansy a part -ad'a EYTEEENm
on B cavhartica ai the Usiversity of Miznesot in 2008 describos several convestional
e ement methods asd = pood slefisg poiet G disfmsing this suljes

Pedecharazl smanspement 0f buckihem can svalve hasl-puiing foe anall saipSnpy o
Eood exencss Sor smaller areas ansd when cRildren and volustesrs are invalved Hoot wrenches
can alse b used on larper buckiham isdividuals b s & skow process also not soiusd for lerge
arcas ed can crzse s0il disurbence.

Chenrical sresdment 5 cffocives againet I catharticn, expocially when boles are cul or
praed. Stemp treating by resnre maragers using glyphossie or TriclopyT is commen, works
well fer lerger soumges, asd can be done over lasges ances than mechanical 1schraques.
suzlen el they have il e neelhod W “wed over 200 asnel in Remiey Coenly Paeka”
Archibald ot al, (1997) abax gappads phypdosile 48 an cladive herhicide b treat K, call
desrribimg Bore only 0% of the stemps rexied with Round-up @ their stady resprowied, end these
SOTCLLE WiEre Il wEsler.

Lanking forther ingo chemical spplications io B, cathardica, stusp Seating and basal bark
troeimen| ang siill skower fechniques compased to foliar sprayig. The former feo ireatmenis
require argeied applicason or mecharcal proceses, whenses foliar spraying can trest even
larger sreas {Sohtes ¢ al, 20200 However, Soliie spraving (e aTeel non-1ased spedies; such &
the: g Toe Tiocszin amstarium (Knmile]. This chermicil Bas bagh ey sgaina B, calhanica

e e carefa iy sdsnnesd The [ekss] Troor thes hsrhibe e eecammenenede iis 7 reoness heefnes saS

R L PRI L T

Fire is o phozicel ool uesd by neoooe marsgers o redocs B cathanios oovensge in
nalive copsyeiems, A dngle presesibed bers may not be very effective apaing I, celartica
thickets, bt sevenl scoeessn barms can redhecs denzmiy {Archbakd of al, 1997, and ia
espacielly elfartive mpeing seedlings. The Archibald e gl stody (19597) dso highlights hew Oees
that ecear ofler herbicide applicetions cen be useul. Additionally, prescribed borms ere wsefll in
Epeid et i deiad s Gee (Elne 1981), meanisg sarve plaads sie sdemisd oo and nsisiem e
fire and will mot ba harmed by a prescribed borm These bums am genesally conductod borwaen
Mlarch and May whem there are bow cartsabyvdreie lrvels whoch reduses re-sproutisg wiger (Galo
D200, Uafzimunizly, is fnened sneas beavily populingd by B. cathanics there may be lei bal
lingr, and led Bmer i8 o sanseily b mwss Tine o Sfenssl insid, sndibenskesrndenng Gee lesa
efTecdive {rile 20000

Lenfoera magekll

Fhiysialogy and Eonkegical Adaptations

L marckit e lage Tailing evens, and e seels coslaingd] in (hese Berries afe noL oely
eapable of disgessisg long dibso, (hiy cin el ina wide mige of Hll, esiperaiine,
and soell conditions {McMeish & MoEwan, 2005). Seods are dispersed throegh stream comidon
and| reative bird and whioe-isiled Seer delecasion. s fact, Castellano asd SGongboy found that 485
of L erickii seads were sl viable afier passop tirough e rmesmal sysmem of wehare-ialled
et :ﬂ:uﬁ.l.llg' u.gp:ﬂrnu dlq'mu] 10 edipe Badbsibaty. Theese dispersal sechanises allow I
maredkdi | aroas a mew exvimmemend, and Geilitalion by
whines muai uaerm:rma In'.rn-du:u:-u 0 eealy invaded edge habitsis.

Adier genmuration, L eaackis exhibos rapdd growih and environmenisl plasnoty. As gn
Irvemgnire: shrly, it begies by repidly peodicieg many swm shoods, laer shifling resoonce
allrzation a0 heipgsl and reprodction, leading o g i ol demse 1 Deering &
Wankai, | #5349, Periber contribuiing in denas stands of L. saackd iy its ability S resprost upright
iarrs when tey we clipped (Desring & Vanier, 19950 Eavirnemernal plesticiry alkews thi
EPetien Lo eIV in @ vesery ol envionnasaid condilioes, Bcdudag the doker ind disniiead
ik Whire Saltve ijciza hive wochle emabkshing. Loken e al. foind T while gheoks
peduced signi feanily morg frudi & bogh sun enveoaments, oy can uiilizo & range of Hghi
levals moee efSectively than naiive species,

Semilar o sany b i pla spedie, i v bed @ plassalkogy thal SfTers Boen
rmalive ipedies ia the Hvaded lubitse mthtlﬁh & MlcFwun, .EI'IEIE:L In uam[ﬁu:n wilh nilive
specien, L maacdd has a lenger groaing seisos, wilh kel develepsen) soeming ban B hees
wels aarier m ihe spnng and beal absossion cocumng well mio te wimer owing o the
freeze-resisiance of @e lewves | fholwen a1 al., 20084},

The sinalion af groswth ¢l iatica sl phenl u_rpm]' nnn-.hlﬂ:lhllllyu,l
oleampeis nalive plant specics in weal coraditions, sd long-di
aloeg with environmental plasticity allow it 1o mloniae diverse and Ssturhed hahitats where
naive species srogghe or eslablish. Thus, L soockil can qeickly peach invesion surs in
inmeodisoad habitns. The infleeno: of these wWails Sois ol 2000 Hiens, howevet L moackiih
impagt om mative flora and feuna moreasss with popelation density, and the effects sowich azross
rrarmeroees con o call scales,
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wugpesis lhod fopesix irended by thos sheeh have mpnificantly kees herh focumdiy, fineas, and
growih [(eoukd & Crarchoy, 20 Menve mee sspling ehendanos dso Ja0raases Urder & manchin
irvesion, Jecreasing the recruimend of secondary fooests (Whihe o1 al, 20743 These miersctions
are predictsd w0 alier spacies composnon in myvaded forests, which ulimately mmpacts
coristEily dhieiose, Toneliog, dsd susceiiional tajeciones ([Flarteen & MoCay, 0080

L moaeki imerncts will milive Grang i 0 wide vanely of wiys. To Begis, Sl
wiudies bave exzmined the mpacts of L ssaeckil myvason on insect communities, with
diffizereal resalis, For example, MeKinney sd Goodell foend thal the presence of L suacki
reducey pollimation vidis o spobisd peraniom, while Qoodell of &l foend thal Sie presence of L
meackil ncreases pollination wisis w e langzlead waneleatd §imdar conclmsions have Do
MmmmMWHMInW saidies have Sound Sar some
artbroped guilds 2 bl i . ploty, while otliss decrease (Movezh &
MEcEWen, 2016). h mmpumt Iy 3% LAl Agard (=2iles ared Boks) ene cnd ol the groops e
detrinirae iscrexsed tendnee in L mzacky plots (CRAswopher & Comenos, 20120 Tha
evidencs, alomg wish moxils from Shewhart ol al, showing ineresesd mosqpaie spg sirdwnhp
in . mascky stands, sugpesd that dhis specics may impact mosquiie and tick
popoamers-alimae by eFecting the incidenoe of buran Ssease |Mokeish & MoEwen, 2016).
Loaking desper mio habean impeoss, the exienye branching in dense & maockil Sickeis
LITPEaCms: &AM SPeoThes LN 7w Iapar wiys. First, e increased Babiimi keads 1o L. saoclin invsded
Sevil beving incseased dermines of undertony Bind and dicreasad] denibes of
upper-canmpy beeds (MoCuder ef ol., 2000, Second, the boshy gowth patern has been
cornecied with increased perching sites for browreheadierd cowbirds. Ieading S0 increased brocd
parsslism and meduced snnual bird mpmduction (Rodewsdd ot al, 3100 Mot only do thess
thizketx alier native hahigats, The fuit doce nol offer & significan] soeese of sunition o birds x=d
numnl]l(ML‘\':bh&Ml.fmmlﬁl‘ pleki ilies dane ales ing ! by ke

phiyaizal Bahital al & l divierily in habebis whine lengeratine asd

hunl:tt:r ware decreaeed Sue b ll:n-dlng Frami L. saachi (Wasing et al. 2011c) Habitass can be

aitered chermically pa well as physically, mmd this = showsased by the chanpes in developmeni
and hehorvioms m American Toade comnecied to beaf litter and soall contaminased with L. smaacky

merabaoling beschans (Hickman .l w::u.:.g. "'l:lll-] Thiese cherslonl IMenoion po

haunred Thesir imrssie on rirwsete pred fimetinino

IIIJIII'CII.:|I Wl U LS P I.'EI_ LU L AN e o
u.nuu!leuullumuwly.mm:mmwuwumw
end belarvioss i Amricen Toadk cosnseiad o leal liner e sodl censssinned with L ooncki
secondary M h-u:hw (Hickman & I-'-lallmg. 2014]), These chermneal misractions po
bevund ther mposts on amphibeans, poesibly allenng coayslem procssses snd finclioning al
this wery hesss: microblal cormmuonities. L. md..‘u‘l]uumlm:m:ulﬂm 15 Dal e Breakdoam
15 five nmes &5 S150 &8 rrany natve plam species and Bas greaier nitrogen and bess lignin
suppomng divsnyHshash-rmiorohinl commurimes disnngaistable from those produced by o
plasts [Arkur etal., DO1T).

T coirditation of (s pbefacton is representtive of [ lenger scale dlesalions @
eoosveiem fonction and processes that prods facilitaied by the mvasion of L ssacki, Taken
Ingxther, 7 has boen shows thew L. saaciy alters imaded coosveiems o eery kel metrient
cysling, soil microbil commuritics, plani spacics growth and composigion, animal specics
rickness end ehondasoe, and possily weoiorborne dissase incldesoe. These Tindings suppon ke
hvpothests thal the efFacts of L. e’ ire oomplex and wary sonoss aoosysiems and eoologlosl
seales (MeMeisk & MeFEwan, 2006), The scope ol &L mascki g |esali Bz an | nd
L ibfdersatsend ils spriad and rodagefietl
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LA TEIVE SROWE L1 U2 LIERES] SELCIINS 5 L musaciay MaliVI0Ls Sdilf wliss miiinsl
fhidi dor venibaned with . L recthens. Wingt rrecibid

with the mechessical pooced ol siem cutiay fllowed by pesticide ipplicatios. Sckole e el
Toraned (hiet s2nsonal stemn Followad by sem application of 19% glyphosnie was up 10 2% 2ofe
elfitive {560 wu. T5-E5%0) than dlem culling folliwed by foloe pedicide ipplodon. This el
vl olnfirmesd b:.- m:r.ru m:l H.uH.t u-lm dpen Lsling four sestoval iethady, foond e siump
cotting conzpled with o} wona mical offoectwe JFLﬂl.lq,:lrull“rlr.ﬂl. These
'u.:l}mhhwha:nﬁnlrdulb:umm Tl whes corg y Iy il
erlization duan when wesd saly oage [Loeh o al., 20007, B2 a0

M‘M sy, Hartman and M:I.".l.lﬁ:r finnd that three years afler remval of 1L

iy, sevallizg dhip wis egred jrisees Bhan in plots wilk L mascki. Thess
eyt am: bolsiered by Kenkie ot al,, whe foend the seves 10 cigsl veaes sfier £ masoky
remewval, plast cover, ee sceding denaity, and specics nchress -i:n;lnd.
Thezse: restkands are efMoctive, bul quesitioes seorsen aboel e uselulsess on lage asd

Swinbgied £, it populations, Wider seaks maragemest methaods may need in be employed
s mebdress Resvily ireaded B fea] fire boek hees wal e contrl L meacku along:
wriih oeher invasive spocies, Pir rmpr:mmd miied mombity on besh honeymctle spevos in
spring, surnmer, ad Sl seasm bume (Zoubar of o, 2006), Fire has soen suceess ompleiehy
killing vieng L maockil individuals, bul afler ine |:|.ur| will likely only top-kill sludis, afiowing
thom o esproat from their intact roots (Craragats, J008), Ukimaiely, the chose managemiont
weethed i eoniea gpecific, s thanks o exienaes sessarch, land maragen: bavs an arsenal of
mthods o choose wiat bost fits e noads of the soosysiom
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