Regional patterns of invasibility by non-native invasive plants (NNIP) in the Upper Midwest

Introduction

Non-native invasive plants (NNIP) are rapidly
spreading into natural ecosystems (e.g., forests,
grasslands) with the ongoing land-use-change patterns
iIn modern age. Potential threats of invasion of NNIPs
iInto natural ecosystems include biodiversity loss,
structural and environmental change, habitat
degradation, and economic losses. In the Upper
Midwest of the United States, encompassing the states
of lllinois, Indiana, lowa, Michigan, Minnesota,
Missouri, and Wisconsin, a region with nearly 30
million hectares of timberland and 46 million people,
concerns of NNIPs threats to these productive
timberlands have emerged with fast urban sprawl and
land cover change under the pressure of human
disturbances. Invasion of NNIPs across a landscape
(region) is a complicated process involving both natural
and anthropogenic factors and disturbances which
interact at various spatial and temporal scales. Using
the 2005-2006 Forest inventory and analysis (FIA)
database and other data such as forest cover and
transportation coverage/layers, we analyzed the
potential for invasion by NNIP life-forms in forested
lands of the Upper Midwest states.

Data and Methods

 We grouped 25 NNIPs of interest into four life form
groups: shrub, vine, grass and herb, and calculated the
percentage of their presence among 8,862 FIA plots
measured during 2005 and 2006 (Table 1 and Figure 1
F).

* We employed weighted Gaussian kernel smoothing to
estimate the presence probability and generate the
probability maps of shrubs, vines, grasses, herbs, and
all NNIPs.

* We used a classification and regression tree (CART)
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Table 1. Nonnative invasive plant (NNIP) species
In the forested lands of the Upper Midwest states

Shrubs (7) presence (%)
Multiflora rose (Rosa multiflora) 19.6
Non-native bush honeysuckle (Lonicera spp.) 11.7
Common buckthorn (Rhamnus cathartica) 5.9
Autumn olive (Elaeagnus umbellata) 2.0
Japanese barberry (Berberis thunbergii) 1.3
Glossy buckthorn (Frangula alnus) +
European privet (Ligustrum vulgare) 04
Vines (7)

Japanese honeysuckles (Lonicera japonica) 2.6
Kudzu (Pueraria montana) +
Porcelain berry (Ampelopsis brevipendunculata) +
Asian bittersweet (Celastrus orbiculatus) +
Chinese yam (Dioscorea oppositifolia) +
Black swallowwort (Cynanchum louiseae) +
Wintercreeper (Euonymus fortunei) 0.3
Grasses (3)

Reed canary grass (Phalaris arundiacea) 1.0
Phragmites (Phragmites australis) +
Nepalese browntop (Microstegium vimineum) 0.2
Herbs (8)

Garlic mustard (Alliaria petiolata) 3.1
Common burdock (Arctium minus) 2.3
Leafy spurge (Euphorbia esula) +
Spotted knapweed (Centaurea bierbersteinii) +
Dames rocket (Hesperis matronalis) +
Mile-a-minute weed (Polygonum perfoliatum) +
Japanese knotweed (Polygonum cuspidatum) +
Marsh thistle (Cirsium palustre) 0.8

A: All NNIPs

E: Grasses

B: Shrubs

D: Vines

Figure 1. Probability maps of NNIP estimated
by kernel smoothing and based on the 2005-
2006 FIA plots.
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Table 2. Relative risk and 95% bootstrapping confidence interval of driving NDist >15484 m cfp >36%
variables of NNIPs in forested lands of the Upper Midwest.

NNIP’s driving NNIP’s relative risk — 054 — —030— 069 — 047 —

probability variable probability (95% ClI) oal-hickory
at _at cfp >40% ft exotic softwoods

parent child elm/ash/cottonwood |  MDist

node node1 node2 white/red/jack pine
_______________________________________________________________________________________________________________ oak-pine
0.34 county forest percent 0.54 0.12 4.4 (3.9-5.0) [app ey
0.54 slope 0.61 0.40 1.5 (1.3-1.8) 0.60 0.18 0.13  0.36 0.51  0.26
0.12 forest type 0.24 0.08 3.2 (2.6-4.0)
0.40 min. distance to national roads 0.54 0.30 1.8 (1.4-2.3)
0.61 county forest percent 0.68 0.47 1.5 (1.2-1.7)
0.08 site condition 0.22 0.07 3.2 (2.0-5.2)
0.24 biodiversity 0.45 0.19 2.3 (1.7-3.3)
0.54 county forest percent 0.60 0.18 3.4 (1.8-6.6)
0.30 forest type 0.36 0.13 2.9 (1.8-4.6)
0.47 min. distance to major roads 0.51 0.26 2.0 (1.3-3.0)
0.07 stand density 0.11 0.05 2.3 (1.6-3.2)
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Figure 2 Classification and regression model showing the presence probability of all 23 NNIP
species by contributing factors (NDist—the minimum distance (m) to national roads ; MDist—
the minimum distance (m) to major state roads. Other factors are self explained).

Results and Discussion

In the Upper Midwest NNIPs mainly distributed in the central part
of the region including areas around Chicago and other major
cities/urban areas, such as Des Moines, lowa (Figure 1). In the
southern and northern parts, all NNIPs and different life forms were
relatively low in probability. The probability maps indicated that
NNIPs are spreading from the central part to the north and south
(Figure 1).

Compared to other life forms, invasive shrub species are more
prevalent in the Upper Midwest, with an overall presence probability
of over 40%. Multiflora rose (19.6%), non-native bush honeysuckle
(11.7%) and common buckthorn (5.9%) are the top three shrub
species. All other life forms (e.g., herb, vine, grass) combined are
less than 10% in presence probability (Table 1).

At regional scale, county forest cover percent, believed to be a
surrogate for human disturbances/influence, was the most significant
driver of NNIP occurrence/abundance (Figure 2 and Table 2). For
instance, the presence probability of NNIPs in highly forested
northern and southern areas of the region (cfp > 54%) was as low as
0.12, compared the high probability of 0.54 in the less-forested
central part of the region. The maximum relative risk of cfp of the
highly forested region versus lowly forested region reached up to
4.4. It may be interpreted that the deforestation, urbanization and
land use change process occurring in the region greatly increased
the invasibility of NNIPs, either intentionally or by accident.

Within highly forested regions (cfp>54%), forest type, site
condition, stand density and biodiversity are significantly correlated
with NNIP occurrence (Figure 2, right branch of the CART) with good
and species rich sites or low density stands having high invasibility.
Compared to other forest types, oak forests (oak-hickory, oak-pine,
oak-other hardwoods), exotic softwoods and elm/ash/cottonwood
were more widely invaded by NNIP.

Within less forested regions (cfp<54%), the invasibility of NNIPs
was mainly related with terrain (e.g., slope) and road density (e.qg.,
distance to national and major roads) factors, plus county forest
cover percent and forest types (Figure 2, left branch of the CART).
These support the well known assumptions or facts that human-
related disturbance factors have been playing a pivotal role in the
spread of non-native invasive species ().

Future work

We will extend our work to individual NNIP species and study
how various factors affect the spread and establishment of NNIPs
across spatial and temporal scales with the new input of FIA/FHM
and human disturbance history data.
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