










Fig. 2. Median risk scores for invasive plants, Error bars show 1 standard deviation from the mean, as found by Monte Carlo simulation.

Fig. 3. Median risk scores for species that invade barrens, cultivated areas, developed, grassland, pastures, riparian, and shrub habitat types. The score presented for E.
angustifolia represents the proportion of Riparian lowland that corresponds with these habitat types.

Fig. 4. Median risk scores for species that invade woodland and forest habitat types. The score for E. angustifolia represents the proportion of Riparian lowland that
corresponds with these habitat types.
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A. petiolata, and E. umbellata (Fig. 4). E. angustifolia and P. australis
present the greatest risks in open and herbaceous wetland habitats

(Fig. 5). R. cathartica, L. maackii, A. petiolata, and P. australis C. varia
present the highest risk to forest and woody wetlands. Among hab-
itat types, deciduous forests have higher risk than other habitat
types, and the risk comes from the invasive plants A. petiolata, E.
umbellata, L. maackii, and R. cathartica (Fig. 6).

Of the rare species considered, Panax quinquefolius (343) has the
highest score, followed by P. praeclara (186). B. campestre (113), S.
diluvialis (107), Gaura neomexicana ssp. coloradensis (77), and Eleo-
charis wolffii (64) follow with moderate scores (Fig. 7). The species
with the negligible risk scores are Lomatium nutallii (5), Delea cyl-
indriceps (0), Chenopodium cycloids (0), and Penstemon haydenii (0).

An examination of the contribution from each invasive species
to risk scores of each rare species (Fig. 8) shows that the invasive
species A. petiolata and L. maackii, each of which have relatively
low risk scores by themselves, both contribute significantly to
the high risk score of P. quinquefolius.

The Western Corn Belt Plains have the greatest risk (363), fol-
lowed by the Western High Plains (217) and the Nebraska Sand
Hills (198). The Northwestern Great Plains have moderate risk

Fig. 5. Median risk scores for species that invade wetland and open water habitats. The score for E. angustifolia represents the proportion of Riparian lowland that corresponds
with these habitat types.

Fig. 6. Risk scores for all habitat types from all non-indigenous invasive plants, indicating the contribution each invasive species makes to risk scores in habitat types.
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Fig. 7. Median risk scores for rare species from all invasive species in all ecoregions
and habitats. Error bars indicate one standard deviation from the mean.
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(114), and the Central Great Plains (4) and Northwestern Glaciated
Plains (0) have negligible scores (Fig. 9).

5. Discussion

These results show that of the invasive species analyzed, those
that invade grassland tend to have higher risk scores, which is con-
sistent with the frequent occurrence of these rare species in grass-
lands. While woodland habitats tend to have lower risk scores than
grasslands, the rare species in woodlands have relatively high risk
scores because numerous species invade both grassland and wood-
land. Risk scores from these species, in combination with those
that exclusively invade woodlands, add up to create the relatively
high risk scores. In addition, these results show that some invasive
plant species with relatively low risk scores contribute signifi-
cantly to the risks of some rare species, and thus should be consid-
ered priorities for management.

Invasive species of wetland communities tend to have relatively
low risk scores as compared to invaders of other habitat types.
While the risk scores for wetlands are relatively low, this does
not indicate that wetland species are not at risk from invasive
species. This too is consistent with the fact that few rare species in-
cluded in analysis are wetland species. Furthermore, E. angustifolia,
which invades Riparian lowland communities, likely presents an

additional threat to the overall threat posed to rare species that re-
side in wetland communities.

6. Conclusions

The risk assessment presented herein provides insight into which
invasive plants present the greatest threats to rare plants in Nebras-
ka, which rare plants are at the greatest risk from invasive plants, and
it shows how these risks are distributed throughout the state. While
the scope of this analysis was limited to one U.S. state, the method-
ology can be adapted to other regions and scales, and to include dif-
ferent taxonomic groups, and other biological sources of risk. This
type of analysis could also be used as a tool to help determine how
invasive species management resources should be distributed
regionally. It also highlights some strengths and weaknesses of using
geospatial land cover data for ecological assessments, and provides
insight into what additional data needs to be gathered in order to im-
prove risk assessments of invasive species.

One advantage this approach offers is that risks to specific rare
species can be explored in detail. Many invasive species assess-
ments consider only vague end points, such as biodiversity or graz-
ing productivity. The Relative Risk Model presents an approach
that can be carefully analyzed and adapted to include other vari-
ables. A disadvantage of this approach, however, is that it is time
consuming and requires some expert knowledge.

This risk assessment broadens the scope of applications of
risk assessment to invasive species in a regional framework by
including multiple sources (invasive species) and endpoints (rare
species). The widespread availability of geospatial data, improve-
ments in data collection, and advanced data analysis techniques
make it possible to apply conventional risk assessment methods
to this risk scenario.

Improvements in data collection methods, including satellite
remote sensing, have provided more detailed habitat datasets that
reflect ecologically relevant entities. These include, but are not lim-
ited to the USGS National Land Cover Dataset, National Wetlands
Inventory data, and SSURGO data. Although these data sets were
useful, some limitations were apparent, the most problematic
being the inability to distinguish habitat types at a fine enough
scale to differentiate the potential for co-occurrence between
sources and invasive species. These could be addressed with im-
proved ecological modeling of suitable habitats for invasive and

Fig. 8. Contributions from invasive species to the risk scores of rare species. All values are the median output resulting from Monte Carlo simulation. Note that for some rare
species, the sum of values reported here is slightly less than that reported in Fig. 7. This is because the sum of the medians for each pair of rare and invasive species is reported
here, whereas the median for each rare species and all invasive species is reported in Fig. 7.
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Fig. 9. Median risk scores for ecoregions in Nebraska. Error bars show one standard
deviation from the mean, as found by Monte Carlo simulation.
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rare species, by increased categorical resolution of habitat catego-
ries, or with expert opinion, as demonstrated here.

The use of Global Positioning Systems (GPS) to document the
locations of rare or endangered species presents the opportunity
to analyze data on rare species geographically. Rather than relying
upon literature to determine which habitat types are occupied by
rare species (which may or may not correspond with the land
cover types presented by the land cover datasets), geospatial data
analysis permits the characterization of species-habitat associa-
tions in more explicit terms. Additionally, uncertainty in the GPS
and habitat data can easily be incorporated into the model.

By incorporating spatial data, we were able to address spatial
ecological designations such as ecoregions, in combination with
geopolitical boundaries. The importance of geopolitical boundaries
cannot be overstated because they often are the entities to which
specific management strategies and resources are supplied.

Future applications of risk assessment will be improved if ef-
forts to control invasive plants and efforts to promote rare species
are incorporated into the model. With the exception of acknowl-
edging the use of biological control agents for H. perforatum, we
did not incorporate management efforts into the model. In addi-
tion, attempts to enhance existing populations of rare species are
underway, such as the ongoing efforts to establish larger popula-
tions of P. praeclara (Fritz et al., 1992) in Nebraska. Characterizing
and incorporating this information could improve the model.

While this approach may be useful for scientists and stake hold-
ers in regions outside the study area, especially in regions with
similar stressor-habitat combinations and stressor-habitat-end-

point combinations, the results of this risk assessment should only
be interpreted within the parameters of the risk assessment. Final-
ly, a low risk score does not indicate that a species may not need
intensive management – it merely indicates that the species has
low risk within the parameters of this risk assessment.
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Appendix A

Invasive species-habitat-effects table (see Table A1).
Rare species-habitat type associations (see Table A2)

Table A1
Potential consequences resulting from the invasion of non-indigenous plants in habitat types. Lettered boxes indicate that the pathway for effects exists, whereas blank boxes
indicate that there is no pathway. R = Alters resource allocation; S = Alters stand structure; Rn = Alters recruitment of native species; and M = Forms monotypic stands at the
exclusion of other species.

Invasive plant species (stressors)

Alliaria petiolata Coronilla varia Elaeagnus angustifolia Elaeagnus umbellata

Barren land (rock/sand/gravel) – R, Rn, M – R, S, Rn, M
Cultivated/hay – R, Rn, M – R, S, Rn, M
Deciduous forest R, Rn, M – – –
Developed – R, Rn, M – R, S, Rn, M
Emergent Herbaceous Wetlands – – – –
Evergreen forest R, Rn, M – – –
Grassland/herbaceous – R, Rn, M – R, S, Rn, M
Mixed forest R, Rn, M – – –
Open water – – – –
Pasture/hay – R, Rn, M – R, S, Rn, M
Shrub/scrub R, Rn, M – – R, Rn, M
Woody wetlands R, Rn, M – – –
Forest shrub wetland R, Rn, M – – –
River/Lakeshore Wetland – – – –
Water Features – – – –
Hydric soils – – – –
Riparian lowland – – R, S, Rn, M –

Hypericum perforatum Lonicera maackii Phragmites australis Rhamnus cathartica
Barren land (rock/sand/gravel) R, Rn, M – – –
Cultivated/hay R, Rn, M – – –
Deciduous forest – R, S, Rn, M – R, S, Rn, M
Developed R, Rn, M – – –
Emergent Herbaceous Wetlands – – R, S, Rn, M –
Evergreen forest – R, S, Rn, M – R, S, Rn, M
Grassland/herbaceous R, Rn, M – – –
Mixed forest – R, S, Rn, M – R, S, Rn, M
Open water – – – –
Pasture/hay R, Rn, M – – R, S, Rn, M
Shrub/scrub R, Rn, M – – –
Woody wetlands – R, S, Rn, M – R, S, Rn, M
Forest shrub wetland – R, S, Rn, M – R, S, Rn, M
River/Lakeshore Wetland – – R, S, Rn, M –
Water features – – R, S, Rn, M –
Hydric soils – – R, S, Rn, M –
Riparian lowland – – – –
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Appendix B

Risk score computation for ecoregions Eq. (B.1), endpoints
Eq. (B.2), and habitats Eq. (B.3). Scores for each are calculated by
summing the scores.

RSSecoregionj
¼
X

Sij � Hij � Eijkl � Xilm ðB:1Þ

for i = Central Great Plains. . .Western High Plains

RRSendpointm
¼
X
ðSij � Hij � Eijkl � XilmÞ ðB:2Þ

for m = B. campestre. . .S. diluvialis

RRShabitatl
¼
X
ðSij � Hij � Eijkl � XilmÞ ðB:3Þ

for l = Barren land. . .Riparian lowland, RRS relative risk score for ser-
ies i, j, m, or l, Sij source (invasive species) ranks in ecoregions, Hil

habitat ranks in ecoregions, Eijkl effects in ecoregions for stressor-ef-
fect-habitat combination, Xilm exposure filter in ecoregions for each
habitat-endpoint combination, i ecoregion series (Central Great
Plains. . .Western High Plains), j invasive species series (A. petiola-
ta. . .R. cathartica), k effects series (resource allocation. . .spatial
arrangement), l habitat series (barren land. . .Riparian lowland), m
rare and endangered species series (B. campestre. . .S. diluvialis),
ite/seamless/viewer.htm.

Appendix C. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.biocon.2010.05.015.
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Glossary

Effects: mechanisms by which stressors may affect endpoints
Endpoint: imperiled plant species included in the analysis
Exposure: indicates that a stressor potentially can affect an endpoint
Source ranks: the magnitude of occurrences of stressors in this application of the

Relative Risk Model
Stressor: non-indigenous invasive species included in this application of the Rela-

tive Risk Model
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