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Adams, S.N. and Engelhardt, K.A., 2009. Diversity declines in Microstegium vimineum (Japanese
stiltgrass) patches. Biological Conservation, 142(5), pp.1003-1010.
*P: To determine the difference between plant community composition and soil types in
areas invaded by M. vimineum using a paired design.
*C: Richness and cover of native species decline in the presence of M. vimineum, but not
until peak biomass of M. vimineum is achieved.
Ahn, C. and Dee, S. 2011. Early development of plant community in a created mitigation wetland
as affected by introduced hydrologic design elements. Ecological Engineering 37:1324-1333.
P: To investigate early wetland plant community development in a piedmont mitigation
wetland in VA.
C: Non-natives were more prevalent in the drier site (LC1) than the wetter site (LC2), and
more prevalent in year 1 than year 2; overall (LC) non-natives decreased dramatically from
year 1 to year 2. Microtopography had a positive localized effect on vegetation diversity and
other community metrics. Overall footprint of invasive spp thought to be trending
downward as site stabilizes, but no clear metrics were calculated for this.
Alpert, P., Bone, E. and Holzapfel, C., 2000. Invasiveness, invasibility and the role of
environmental stress in the spread of non-native plants. Perspectives in plant ecology,
evolution and systematics, 3(1), pp.52-66.
P: Review paper on invasive species and environmental
stress.
C: This paper can be used for adequate definitions of
invasion, invasive species, and non-native.
Environmental stress can be both negatively and
positively correlated with invasion depending on the
situation. Nutrient stress tends to oppose invasion (e.g.,
high nutrient availability tends to favor competitors,
whereas low nutrient content (nutrient stress) favors
stress tolerators). A high-stress/moderate-disturbance
model may represent the lowest risk for invasion (see
conceptual model on pg. 60, also to the right).
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Apfelbaum, S.I. and Sams, C.E., 1987. Ecology and control of reed canary grass (Phalaris
arundinacea L.). Natural Areas Journal, 7(2), pp.69-74.
P: To summarize the history of Phalaris arundinacea (Reed Canary Grass) and review current
knowledge about optimal habitat and management of the species.
C: The exact date of Reed Canary Grass (RCG) introduction to North America is uncertain, but
the species was used as livestock fodder prior to 1800. RCG is considered native, but
differences in genetic makeup between populations imply that a non-native variety may
exist. RCG is known for its invasive tendencies in wetland habitats, and populations often
grow so thick that remote sensing is possible for detection of the species. Removal of RCG is
not always effective, and herbicide use has been linked to lower dissolved oxygen levels,
lower pH, and increased carbon content in aquatic environments.
Aronson, M.F. and Galatowitsch, S., 2008. Long-term vegetation development of restored prairie
pothole wetlands. Wetlands, 28(4), pp.883-895.
P: Summary of a 19-year study of restored prairie potholes in IA, MN, and SD.
C: Discussion of colonization efficiency differences between invasive herbaceous
species and native perennials is an interesting idea. It’s based on the notion that efficiency
stems from differences in propagule pressure, dispersal ability, and the availability of safe
sites for establishment, all of which are maximized in invasives (when compared with
natives).
Atkinson, R. B., J. E. Perry, and J. Cairns, Jr. 2005. Vegetation communities of 20-year-old created
depressional wetlands. Wetlands Ecology and Management 13:469-478.
P: Report on vegetation composition and structural analysis within eleven 20-yr-old created
non-tidal, emergent wetlands.
C: One relevant finding was that Typha latifolia, although dominant throughout the
eleven sites studied, did not develop monocultures and did not inhibit species richness
(there was no difference in mean S between Typha sites and non-Typha sites).
Auclair, A. N. D., A. Bouchard, and J. Pajaczkowski. 1976. Plant standing crop and productivity
relations in a Scirpus-Equisetum wetland. Ecology 57:941-952.
P: Study of standing crop and productivity correlations with soil physiochemical variables in
a northern emergent wetland system.
C: Soil P correlated negatively with all production and soil nutrient parameters (except
Mg). Standing crop and productivity were negatively correlated with diversity, as was
soil nutrient content.
Balcombe, C. K., J. T. Anderson, R. H. Fortney, J. S. Rentch, W. N. Grafton, and W. S. Kordek. 2005.
A comparison of plant communities in mitigation and reference wetlands in the midAppalachians. Wetlands 25:130-145.
P: To evaluate the functional equivalency of mitigation wetlands in West Virginia in
supporting hydrophytic plant communities

2

DeBerry and Hunter – DRAFT Annotated Bibliography
Invasive Species Research in Mitigation
April 2018

C: “Cattail and reed canarygrass can quickly prevent the establishment of other desirable
native species by forming dense, monotypic stands, so preemptive competition through
manual seeding may allow other perennial clonal species to occupy space that normally
would be taken over by these aggressive perennial species” (pg. 140).
Barden, L.S., 1987. Invasion of Microstegium vimineum (Poaceae), an exotic, annual, shadetolerant, C4 grass, into a North Carolina floodplain. American Midland Naturalist, pp.40-45.
P: To document the occurrence and spread of M. vimineum in a floodplain community, and
to identify potential correlates with M. vimineum growth over the course of 3 years.
C: M. vimineum establishes with minimal success in undisturbed areas, but it can quickly
dominate a community following disturbance. The species was even documented inhibiting
the growth of the invasive vine Lonicera japonica. Flooding disrupted M. vimineum success,
and pH, K, Ca, and percent silt were all negatively correlated with percent cover of the
species.
Barrett, S.C., 2011. Why reproductive systems matter for the invasion biology of plants. Fifty
years of invasion ecology: the legacy of Charles Elton, 1, pp.195-210.
P: Review chapter on the importance of plant reproductive systems in invasion biology.
C: The reproductive system of a population encompasses traits that determine (i) the
balance between sexual and asexual reproduction, and (ii) the relative amounts of crossfertilization (outcrossing) versus self-fertilization (selfing). Despite the complexity of plant
reproductive systems, a fundamental dichotomy is whether offspring arise from uniparental
or biparental reproduction. This distinction is of particular importance for invasive species
because mates or pollinators may be limiting during establishment and during subsequent
colonizing episodes. Under these circumstances, uniparental reproduction may be favored
over biparental reproduction, especially in species with short life histories. Shifts from
specialized to generalized pollination and from biparental to uniparental reproduction
may characterize future trends in the reproductive biology of populations in humanaltered environments.
Bauer, J.T., 2012. Invasive species: “back-seat drivers”
of ecosystem change?. Biological Invasions, 14(7),
pp.1295-1304.
P: Review of “passenger”, “back-seat driver”, and
“driver” models of ecosystem change in relation
to invasive species.
C: Review suggests that the novel “backseat driver” model best fits many invasive
species, with the idea that ecosystem change
provides the opportunity to invasive species
to become established (passenger) but once
established they impose further changes on
the ecosystem (drivers).
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Bazzaz, F. A. 1996. Plants in Changing Environments: Linking Physiological, Population, and
Community Ecology. Cambridge University Press, Cambridge, UK. 320 pgs.
P: General textbook on plant ecology in dynamic environments.
C: This is an excellent reference to cite for general vegetation dynamics and properties of
ecosystems undergoing change.
Bedford, B.L., Walbridge, M.R. and Aldous, A., 1999. Patterns in nutrient availability and plant
diversity of temperate North American wetlands. Ecology, 80(7), pp.2151-2169.
P: Extensive literature survey and analysis of data on plant species composition, species
richness, productivity or standing crop, and C:N:P stoichiometry in plant tissues and surface
soils to draw conclusions about nutrient limitation in temperate N. Am. bogs, fens, marshes,
and swamps, and to infer their potential response to nutrient enrichment.
C: 1) plant community type changes across broad nutrient gradients; 2) species richness
declines as various indicators of nutrient availability increase beyond some threshold; and 3)
rare and uncommon species are almost always associated with species-rich communities.
Average surface soil N:P ratios rose sharply at high soil organic-matter contents (≥90%) and
were generally greater than 16 at organic-matter concentrations above 20%. Phosphorus in
soil is highly insoluble, and thus either a dense root system or an investment in
mycorrhizae is often required by plants in order to extract significant amounts of P
from soil.
Bendor, T., 2009. A dynamic analysis of the wetland mitigation process and its effects on no net
loss policy. Landscape and Urban Planning, 89(1-2), pp.17-27.
P: This paper analyzes wetland loss and compensation as dynamic processes that include
temporal lags prevalent in various mitigation techniques. A system dynamics model of the
mitigation process is used to explore wetland alteration and mitigation data collected
between 1993 and 2004 for the Chicago, IL region.
C: One relevant conclusion was that lag times associated with delays in mitigation
implementation result in net losses, but this process can be improved by focusing on
mitigation methods that have significant lead times such as banking.
Berger, J.J., 1993. Ecological restoration and nonindigenous plant species: a review. Restoration
Ecology, 1(2), pp.74-82.
P: Identifies the circumstances in which prospects for use of restoration technology in
controlling invaders are favorable or unfavorable, the factors that make certain species good
colonizers, and the characteristics that make ecosystems susceptible to invasion.
C: The general concepts related to colonization traits, invasion susceptibility of sites, and
ecological impacts are adequate but reviewed in more detail elsewhere. Of interest is the
author’s suggestion to turn to restoration technology for alternatives to herbicides and/or
mechanical destruction as the sole means of control – recommended techniques reviewed
included burning, flooding, shading, and substrate alteration.
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Blossey, B. and Notzold, R., 1995. Evolution of increased competitive ability in invasive
nonindigenous plants: a hypothesis. Journal of Ecology, 83(5), pp.887-889.
P: Novel theoretical hypothesis in ecology of invasive species.
C: This hypothesis predicts (a) that, under identical growing conditions, individuals of a
species taken from an area where they have been introduced will produce more
biomass than individuals taken from the species native range; and (b) specialized
herbivores (i.e. those with potential for introduction as biological control agents) will show
improved performance on plant individuals originating from an area where plants have been
introduced. Less energy allocated to defense in absence of “evolved” herbivores, so
plants can grow taller and increase reproductive potential.
Boutin, C. and Keddy, P.A., 1993. A
functional classification of wetland
plants. Journal of Vegetation
Science, 4(5), pp.591-600.
P: Summary of functional guild
classifications for plants.
C: Foundational paper on
functional classifications for
wetland plants. Ex: Phalaris
arundinacea (matrix clonal
dominant); Typha glauca (matrix
clonal dominant); Lythrum
salicaria (ruderal facultative
annual).
Britson, A., Wardrop, D. and Drohan, P., 2016. Plant community composition as a driver of
decomposition dynamics in riparian wetlands. Wetlands ecology and management, 24(3),
pp.335-346.
P: To identify potential differences in nutrient cycling in riparian wetlands due to invasion by
RCG using litter decomposition rates as a proxy. The study also examined landscape-level
effects on sedimentation, invasion by RCG, and plant community alteration.
C: Although percent carbon, carbon:nitrogen ratios, percent lignin, and percent cellulose
differed between RCG invaded litter and native litter, decomposition rates were unaffected.
The researchers noted that extrapolating information about individual invasive specie's
effects on decomposition may not be as applicable to invaded communities. Surrounding
land use (especially landcover types related to disturbance) was determined to be an
important aspect of invasion by RCG.
Brooks, R.P. and N.A. Gebo. 2013. Wetlands restoration and mitigation. In Mid-Atlantic
Freshwater Wetlands: Advances in Wetlands Science, Management, Policy, and Practice (pp.
421-440). Springer New York.
P: Recent summary of wetland mitigation practice in the mid-Atlantic Region.
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C: Good general citation reference for the mitigation process in our region, with emphasis
on use of reference sites to improve design criteria and assessment.
Brooks, R.P., Wardrop, D.H., Cole, C.A. and Campbell, D.A. 2005. Are we purveyors of wetland
homogeneity?: A model of degradation and restoration to improve wetland mitigation
performance. Ecological Engineering 24:331-340.
P: To propose a conceptual model of wetland degradation and restoration as a set of
testable hypotheses.
C: Human induced disturbance positively correlated with plant spp invasion; invasion higher
in created wetlands than reference or degraded natural wetlands. Inherent heterogeneity of
natural wetlands is lost in created wetlands.
Brown, C. S. 2004. Are functional guilds more realistic management units than individual species
for restoration? Weed Technology 18: 1566-1571.
P: Review of functional guild approach to restoration.
C: Primary benefits include: (1) ensuring community and ecosystem structural and functional
attributes, (2) increasing competitiveness of the community to deter the establishment
of undesirable species, (3) simplifying and testing models of community assembly including
resistance to invasion, succession, and species coexistence, and (4) facilitating cross-site
comparisons.
Brown, J. and Norris, M.D., 2017. Detecting soil and plant community changes in restored
wetlands using a chronosequence approach. Wetlands Ecology and Management, pp.1-16.
P: Study looking at vegetation and soil characteristics of sites 0-15yo.
C: Paper that can be cited for general use of chronosequence concept in wetland restoration
(for vegetation and soil research).
Brown, S. C. 1998. Remnant seed banks and vegetation as predictors of restored marsh
vegetation. Canadian Journal of Botany 76:620-629.
P: Seed bank comparison to vegetation development after restoration.
C: Remnant vegetation was a better predictor of species composition than the seedbank,
suggesting that seedbank assays are not necessarily worth the effort. However, seedbank
research is very important for determining the presence of potential invaders to
reduce invasion risk.
Brown, S. C. and B. L. Bedford. 1997. Restoration of wetland vegetation with transplanted
wetland soil: an experimental study. Wetlands 17: 424-437.
P: Study using salvaged marsh soil from ditches to restore wetlands in northern NY.
C: Transplanted wetland soil increased cover and diversity of wetland species in the first two
years post construction. Plowing (mimicking a disturbance event) significantly
increased cover of Typha. Use of transplanted wetland soil is recommended for
control of invasives like cattails following disturbance, but a seedbank study should be
conducted to ensure that the source material does not contain any invasive propagules (e.g.,
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Lythrum). This study was preceded by a seedbank assay that cleared the source material for
use.
Brown, S., & Veneman, P. 2001. Effectiveness of compensatory wetland mitigation in
Massachusetts, USA. Wetlands, 21(4), 508-518.
P: Review of compensatory mitigation effectiveness in MA.
C: This paper discusses some of the more common issues raised concerning wetland
mitigation in the mid- to late-90s. General conclusion was that mitigation was not
compensatory due to differences in vegetative community between impacted sites and
created sites. There was little discussion about successional trends so this paper is of
minimal value, but can be cited for general purposes concerning mitigation practice through
time.
Bryson, C.T. and Carter, R. 2004. Biology of pathways for invasive weeds. Weed Technology
18:1216-1220.
P: Review of biological pathways for invasive plants.
C: Relevant characteristics summarized for reproduction, dispersal, habitat, interspecific
interactions, phenology, physiology, protection from herbivores, and tolerance to
environmental stress. Management should include determining an invasive species’
most vulnerable stage of growth and targeting that stage for control.
Bull, L.S. and Courchamp, F., 2009. Management of interacting invasives: ecosystem approaches.
Invasive species management. A handbook of principles and techniques. Oxford University
Press, Oxford, pp.232-247.
P: Review of ecosystem approaches to invasive species management.
C: Discussion in Introduction of ecological release is helpful. Later discussions of topdown (predator/herbivore) and bottom-up (prey/plant) controls in ecosystems are useful.
Model on ecosystem effects of overlooked invasives on pg. 236 (Figure 15.1) described later
under hyperpredation, mesopredator release, and competitor release effect. Control
strategies discussed for all three.
Callaway, R.M. and Ridenour, W.M., 2004. Novel weapons: invasive success and the evolution of
increased competitive ability. Frontiers in Ecology and the Environment, 2(8), pp.436-443.
P: Proposing a novel hypothesis for invasive spp. success building on the EICA concept.
C: Some invaders transform because they possess novel biochemical weapons that
function as unusually powerful allelopathic agents, or as mediators of new plant–soil
microbial interactions. Root exudates that are relatively ineffective against their natural
neighbors because of adaptation, may be highly inhibitory to newly encountered plants
in invaded communities. In other words, the novel weapons of some plant invaders
provide them with an advantage that may arise from differences in the regional
coevolutionary trajectories of plant communities. Furthermore, the selective advantage
of possessing a novel weapon may result in rapid evolution of that weapon – for
example, the production of greater quantities of allelopathic or antimicrobial root
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exudates. Direct selection of competitive traits provides an alternative to the “grow versus
defend” trade‐offs that underpin the theory of the evolution of increased competitive
ability.
Campbell, D. A., C. A. Cole, and R. P. Brooks. 2002. A comparison of created and natural wetlands
in Pennsylvania, USA. Wetlands Ecology and Management 10:41-49.
P: Compared soil and vegetation data in created (2-18 years old; PEM) and natural wetlands
(PEM) in central PA.
C: General observations show expected results: lower quality of soil in created wetlands
(e.g., higher bulk density, lower OM, higher matrix chroma, higher rock fragment
prevalence), and predicable patterns in vegetation trends for created sites (lower richness,
cover, and wetland species abundance). Typha (and to a lesser extent, Phalaris) were
problematic on several sites. Richness was significantly greater on the youngest sites,
which supports the autogenic dominance model (although the authors didn’t use this
term).
Chamberlain, S.J., D.W. Heller, M.S. Fennessy, and D.A. DeBerry. 2013. Hydrophytes of the MidAtlantic Region: Ecology, Communities, Assessment, and Diversity. pp. 159-258. In: Brooks,
R.P. and D.W. Heller (eds.) Mid-Atlantic Freshwater Wetlands: Advances in Wetlands Science,
Management, Policy, and Practice. Springer, New York.
P: To document the severity of plant species invasion in wetlands as well as invasive specie's
effect on wetland function and management. Numerous case studies, and a complete list of
invasive species found in Mid-Atlantic wetlands were provided.
C: Notable species include Lythrum salicaria, Hydrilla verticillata, Phragmites australis, and
Phalaris arundinacea, due to their dominant tendencies in wetland ecosystems, their effect
on wetland function, and the subsequent economic cost of their removal. The importance of
nutrient enrichment to invasive specie's ability to outcompete natives, and the potential for
positive feedback among invasive populations are noted as substantial aspects of invasive
plant ecology.
Chiang, C., C. B. Craft, D. W. Rogers, and C. J. Richardson. 2000. Effects of 4 years of nitrogen and
phosphorus additions on everglades plant communities. Aquatic Botany 68:61-78.
P: Nutrient enrichment study in the Everglades (N and P additions).
C: P loadings alter the Everglades plant communities through increased plant
productivity, tissue P storage, soil P enrichment, and shifts in plant species
composition.
Clout, M.N. and Williams, P.A. eds., 2009. Invasive species management: a handbook of
principles and techniques. Oxford University Press.
P: Review of approaches, techniques, and technology aimed at management of invasive
species.
C: This will be a useful reference for general citations of management techniques and
approaches to management. Relevant chapters include biosecurity, risk assessment, early
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detection, containment, biological control, management of terrestrial and aquatic plants, and
ecosystem approaches.
Cole, C. 2002. The assessment of herbaceous plant cover in wetlands as an indicator of function.
Ecological Indicators, 2(3), 287-293.
P: Review paper relating the assessment of herbaceous plant cover to wetland functions.
C: This paper can be cited for making general statements about the limitations of only
measuring plant community data (e.g., structure) without other ecosystem parameters.
Cole found only one function (retention, removal of dissolved elements) that was indirectly
related to percent cover of herbaceous species.
Cole, C., & Shafer, D. 2002. Section 404 wetland mitigation and permit success criteria in
Pennsylvania, USA, 1986--1999. Environmental Management, 30(4), 508-515.
P: Review of 23 Section 404 mitigation projects in PA ranging in age from 1-14 yo.
C: Found a net gain in area (0.05ha per project) but a net loss in vegetated wetlands (due to
replacement with open water in many cases). Good paper to cite for problems with
success criteria in mitigation monitoring (like 80% herbaceous cover – see Cole 2002).
[It’s interesting to note that these problems were being pointed out to the regulatory
community nearly two decades ago.]
Cole, C., Brooks, R., & Wardrop, D. 2001. Assessing the relationship between biomass and soil
organic matter in created wetlands of central Pennsylvania, USA. Ecological Engineering,
17(4), 423-428.
P: Evaluated the relationship between biomass, SOM, and hydrology to see if high biomasslow SOM observation was consistent across created sites (5-20 yo).
C: Typha and Phalaris wetlands had much higher biomass values than mixed
communities, and belowground was greater than aboveground due to the clonal
characteristic of these species (BG:AG > 1 for all sites). Highest AG values came from
youngest sites (5-8 yo). Despite high biomass values, soils had significantly lower SOM
than reference wetlands (created=2-6% OM; reference=12-21% OM).
Cole, P.G. and Weltzin, J.F., 2004. Environmental correlates of the distribution and abundance of
Microstegium vimineum, in east Tennessee. Southeastern Naturalist, 3(3), pp.545-562.
P: To determine what environmental variables (including native plant biomass) are tightly
related to M. vimineum presence at 3 sites.
C: M. vimineum was determined to have a broad environmental tolerance, but of all the
variables measured, only native plant biomass was correlated with the M. vimineum biomass
(positive correlation). This study did not include potentially important variables such as
phosphorous levels, particle size distribution, and cation exchange capacity. Data points
were taken from only 3 sites and it is unclear whether distinct populations were sampled
within those sites.
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Collier, M.H., Vankat, J.L. and Hughes, M.R., 2002. Diminished plant richness and abundance
below Lonicera maackii, an invasive shrub. The American Midland Naturalist, 147(1), pp.6071.
P: To determine the effects of Lonicera maackii sub-canopy cover on plant communities.
C: Lonicera significantly decreases species diversity compared to surrounding habitats.
However, this experiment did not control for shading of the sampled areas. Differences in
diversity could be a result of decreased light penetration to the forest floor which could be
achieved by numerous species, not just Lonicera.
Craft, C. B. 2001. Biology of wetland soils. p. 107-135. in: Richardson, J. L. and M. J. Vepraskas
(eds.). Wetland Soils: Genesis, Hydrology, Landscapes, and Classification. Lewis Publishers,
Boca Raton, Florida.
P: Review chapter on wetland soil biota, microbial processes and transformations, and
vegetation (NPP, Decomp, OM accum).
C: Good reference to cite for general biota-mediated wetland soil processes. There is a
short discussion on the prevalence of P-limitation in freshwater wetlands.
Craft, C. B. and C. J. Richardson. 1993. Peat accretion and N, P, and organic C accumulation in
nutrient-enriched and unenriched Everglades peatlands. Ecological Applications 3:446-458.
P: Peat accumulation was measured in relation to hydroperiod and nutrient loading in the
Everglades (sawgrass and Typha dominated systems).
C: Enriched soil P areas (receiving agricultural runoff) were 2-3X higher than unenriched
areas (1248 μg/g vs. 432-764 μg/g), and increased peat accumulation. Enriched areas serve
as P sink but excessive P results in lower P-removal efficiencies, which could countermand
the effectiveness of P and mineralization in freshwater systems like Everglades.
Craft, C. B. and C. J. Richardson. 1997. Relationships between soil nutrients and plant species
composition in Everglades peatlands. Journal of Environmental Quality 26:224-232.
P: Study looked at cations (Ca, Mg, K, Na), metals (Al, Fe, Mn) and P levels in Everglades
nutrient-enriched Typha/sawgrass communities and compared with species composition.
C: Species composition was highly correlated with soil P, but not with cations. Percent
frequency of the invasive Typha was positively correlated with soil P, while sawgrass
was negatively correlated.
Craft, C. B., J. Vymazal, and C. J. Richardson. 1995. Response of Everglades plant communities to
nitrogen and phosphorus additions. Wetlands 15:258-271.
P: N and P were added to sawgrass, sawgrass-cattail, and slough (Utricularia, Eleocharis,
Panicum) communities in the Everglades over 2 years to look at plant community response.
C: Addition rates for P (phosphate) and N (ammonium) were 0.6, 1.2, and 4.8 g P m-2 yr-1
and 5.6 and 22.4 g N m-2 yr-1. P accumulation increased significantly at higher P and
N+P application rates (evidenced by tissue P concentrations), and slough wetland
showed shift in community to Chara (algae). N additions had no significant effects.
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Cronk, J.K. and Fennessy, M.S., 2001. Wetland plants: biology and ecology. CRC press.
P: Comprehensive textbook focused on wetland vegetation.
C: Important citable reference for several phenomena related to wetland plant biology and
ecology. The chapter on invasive wetland plants (Ch8) is a good summary of the field up to
the late 1990s. Table 8.3 provides a categorical summary of invasive species susceptibility to
different herbicide treatments.
D'Antonio, C.M. and Meyerson, L.A., 2002. Exotic plant species as problems and solutions in
ecological restoration: a synthesis. Restoration Ecology, 10(4), pp.703-713.
P: Linking generalizations emerging from the invasion ecology literature with practical
restoration concerns, including circumstances when it is practical to use exotic species in
restoration.
C: There are several points made in this review paper, but the most relevant discussion point
is that, in most cases, creating a community of native species through restoration that is
categorically resistant to invasion by exotic species is an unrealistic goal. Several
points are also made regarding the potential to see exotics as beneficial, particularly
when restoration objectives cannot be obtained by using natives (e.g., highly erodible
soils, low nutrient areas, etc.). The term “sacrifice fallow” was used to describe sterile, fastgrowing exotic species that are only used to stabilize sites (but may also impose a shortterm impact on native species richness). The paper also discusses the problem of
collateral damage (doing more harm than good) through repeated and systematic
removal/treatment of exotics.
D’Antonio, C.M. and Chambers, J.C., 2006. Using
ecological theory to manage or restore
ecosystems affected by invasive plant species.
Foundations of restoration ecology, pp.260-279.
P: Review chapter on ecological theory in
management of plant invasions.
C: Good overall review to cite for general
theoretical concepts.

11

DeBerry and Hunter – DRAFT Annotated Bibliography
Invasive Species Research in Mitigation
April 2018

Davis, S. M. 1991. Growth, decomposition, and nutrient retention of Cladium jamaicense Crantz
and Typha domingensis Pers. in the Florida Everglades. Aquatic Botany 40:203-224.
P: P and N gains and losses were estimated from annual macrophyte growth and 2 years of
decomposition data along a gradient of nutrient enrichment in Everglades. Research was
focused on sawgrass and cattail.
C: Typha was better at nutrient accumulation than Cladium. Davis differentiated between
environmental conditions that favor competition in a fertile habitat (Typha) with those
that favor competition in an infertile habitat (Cladium). This concept has relevance to
the disturbance-stress dynamic discussed in the more recent literature on invasion
ecology in wetlands.
DeBerry D. A. 2006. Floristic Quality Index: ecological and management implications in created
and natural wetlands. Ph.D. Dissertation, College of William and Mary, Williamsburg, Virginia.
P: Dissertation studying plant community dynamics across a chronosequence of created
wetland sites (1-15 yo) in VA coastal plain and lower piedmont, with focus on novel
ecological integrity index (FQI).
C: Several relevant points are made regarding community development particularly as it
relates to soil physiochemistry and successional stage. Age did not correlate with any
parameters that would normally be attributed to site maturity. However, ordination results
pointed to ecological differences among sites that explained community differences in
several cases. P is implicated as an important factor in structuring the herbaceous
community and also in floristic quality parameters (e.g., FQI, S, N, H’, E, etc.). All
ecosystem parameters were negatively correlated with bioavailable P. A mechanism
for this observation is proposed involving the reduction sequence in young wetland
substrates, which is attended by a switch from metal-oxide (most likely iron oxide)
immobilization of phosphate in oxidized condition (newly formed, 1-2 yo) to P release
under reducing conditions as sites age (3-5+ yo). The P release “phase” may stimulate
dominance of aggressive colonizer that are more competitive in nutrient enriched
environments (invasivers), issuing in the “autogenic dominance” phase alluded to by
Noon (1996). Question is proposed: is it possible to manage for more nutrient limiting
conditions in the early stages of mitigation site development to maintain a higher
diversity of native wetland plant species through the critical period (which is assumed
to be 3-5+ yo)? One other important observation (although not specifically
mentioned in the discussion) is that the sites with the highest IV values for invasive
species (e.g., Microstegium) also had among the highest species richness values.
DeBerry, D.A. and J.E. Perry. 2004. Primary succession in a created freshwater wetland. Castanea
69: 185-193.
P: Comparison of created wetland and adjacent natural reference wetland marsh. Primary
succession used as an appropriate community development analog due to the excavation of
this site below propagule-bearing soil layers, and the removal of overburden to offsite
locations.
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C: Peak growing season is August-September in eastern VA based on standing crop
biomass. Early succession model favors facultative annuals (perennials that can
employ annual strategies), which is a functional trait characteristic of some non-native
invasives (see Boutin and Keddy 1993).
DeBerry, D.A. and J.E. Perry. 2007. Noteworthy collections: Virginia. Castanea 72:119-120.
P: State records observed in VA during the early 2000s on compensatory wetland mitigation
sites.
C: Discussion of compensatory mitigation sites as points of introduction for species
undergoing range expansion.
DeBerry, D.A. and J.E. Perry. 2012. Vegetation dynamics across a chronosequence of created
wetland sites in Virginia, USA. Wetlands Ecology and Management. 20:521-537.
P: To map the trajectory of wetland vegetation on sites created for compensatory mitigation.
C: Site age has a non-linear effect on diversity (richness), and autogenic dominance can
often occur on younger sites prior to canopy development. Among 15 sites, those with
highest abundance values for certain non-native invasive species (e.g., M. vimineum) also
had the highest species richness values.
DeBerry, D. A. and J.E. Perry. 2015. Using the floristic quality concept to assess created and
natural wetlands: ecological and management implications. Ecological Indicators 53:247-257.
P: To evaluate Floristic Quality as a wetland assessment criterion and measurement tool.
C: Floristic Quality correlates strongly with species richness and overall diversity. Non-natives
were shown to have a disproportionate effect on floristic quality measurements, and the
authors recommend removing those species from the overall calculation. Soil samples
showed that phosphorous was negatively correlated with floristic quality, an indication
that phosphorous enrichment could encourage establishment of undesirable, and/or
non-native species.
DeBerry, D.A., W.D. Beisch, and T.W. Crayosky. 2004. Integrated wetland design: sustainability
within the landscape. Geo-Strata 5(2):23-25.
P: Review paper on wetland creation/restoration design considerations.
C: The “agronomic approach” discussed in the paper is a relevant concept for application to
early site management in compensatory wetland mitigation.
DeBerry, D.A., N. McGoff, and N.D. Zinn. 2010. An account of Schoenoplectus mucronatus (L.)
Palla in Virginia with comments on species introductions in wetland mitigation sites.
Castanea 75:503-505.
P: Account of state record discovered by TNC on a mitigation site in eastern VA, with
discussion of compensatory mitigation sites as points of introduction for potentially
problematic species.
C: Source for this species was not likely seed mix used during construction based on the
native seed source. Implication is that the very nature of wetland creation/restoration
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creates conditions that are conducive to aggressive colonizers. Viewed as a component of
the “self-design” model (e.g., Mitsch and Wilson 1996), the presence of exotics that are not
actively outcompeting other species onsite may not be viewed as negative because they
contribute to the overall species richness.
DeBerry, D. A., S. J. Chamberlain, and J. W. Matthews. 2015. Trends in floristic quality assessment
for wetland evaluation. Wetland Science and Practice 32(2):12-22.
P: Review paper on FQA in wetlands.
C: Presence of invasive species in the classic approach to FQA is accounted for in the
diminishment of native species richness (because non-natives were not assigned C-values).
More recently adaptations of the technique have assigned non-native species a value of “0”
across the board, but this is problematic due to the zero-truncation problem (described in
the text). One solution proposed in VA is a negative scale for invasives that accounts
for relative risk of invasion as defined by the state (DCR-DNH; see Heffernan et al.
2014). This is likely the approach that will be used moving forward.
Dee, S.M. and Ahn, C. 2012. Soil properties predict plant community development of mitigation
wetlands created in the Virginia Piedmont, USA. Environmental Management 49:1022-1036.
P: Plant community and soil development on four mitigation sites in VA piedmont.
C: Age was not a good correlate for ecosystem development based on soils and vegetation,
but soil condition proved useful in assessing difference in vegetation attributes. Although
the authors didn’t address this directly in the paper, their data suggest that certain
sites with known invasive species (e.g., Arthraxon, Typha, Murdannia) also had the
highest species richness values (see DeBerry 2006).
De Jager, N.R., Swanson, W., Strauss, E.A., Thomsen, M. and Yin, Y., 2015. Flood pulse effects on
nitrification in a floodplain forest impacted by herbivory, invasion, and restoration. Wetlands
ecology and management, 23(6), pp.1067-1081.
P: To determine the effect that plant community alteration has on nitrification in a riverine
floodplain.
C: RCG increases factors such as soil organic matter retention and porosity (two important
factors in nitrogen cycling. Consequently, RCG invasion was correlated with higher nitrogen
values, but measured nitrification during the study was low. Due to low nitrification levels,
the authors mentioned the possibility that RCG quickly uptakes nitrogen as it enters the
system.
DeMeester, J.E., 2010. Restoring restoration: removal of the invasive plant Microstegium
vimineum from a North Carolina wetland. Biological Invasions, 12(4), pp.781-793.
P: Microstegium removal experiment in a NC wetland.
C: Removal (hand weeding) of Microstegium quickly stimulated increase in species richness
in plots, but cessation of removal caused Microstegium to re-establish just as quickly.
Implication is that management is not over once a diverse native community is reestablished – monitoring and maintenance will be an ongoing process for this species.
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Denisoff, C., & Urban, D. 2012. Evaluating the success of wetland mitigation banks. National
Wetlands Newsletter, 34(4), 8-11.
P: Review on mitigation banking.
C: General review from RIBITS suggests that banks are reported as 98% successful (after
adjustment for suspended or non-performing banks). Authors indicate that performance
standards are not always adequate or realistic (“prescriptive standards” vs. “ecosystem
function standards”).
Drake, J.A., Mooney, H.A., Di Castri, F., Groves, R.H., Kruger, F.J. and Williamson, M., 1989.
Biological invasions: a global perspective.
P: Culminating reference on SCOPE (Scientific Committee on Problems of the Environment)
program focusing on ecology of biological invasions.
C: Although outdated, this is a very in-depth review of the status of the science through the
late 1980s and could serve as a foundational text (or counterpoint) to the research
conducted over the past three decades. Includes chapters by some very influential and
regularly cited authors on the subject, including Ehrlich, Hobbs, Levin, Mueller-Dombois,
Pimm, Rejmanek, Simberloff, Vitousek, and Williamson. Notable potential sources include
Heywood’s chapter on terrestrial plants (Ch2), Ashton and Mitchell on aquatic plants (Ch6),
Ramakrishnan and Vitousek on ecosystem-level processes and consequences (Ch11),
Noble’s chapter on attributes of plant invaders (Ch12), Williamson on mathematical models
(Ch14), Pimm on prediction of invasion success and impact (Ch15), Rejmanek on invasibility
of plant communities (Ch16), Hobbs on disturbance (Ch17), Levin on risk analysis (Ch19), and
Groves on control of invasive plants (Ch20).
Dunn, C.P. and Sharitz, R.R., 1990. The history of Murdannia keisak (Commelinaceae) in the
southeastern United States. Castanea, pp.122-129.
P: To identify and document potential modes of introduction of M. Keisak to the United
States, and to identify some of the specie’s life history traits that make it invasive.
C: M. Keisak was likely introduced because of the rice trade. The plant is native to East Asia
but is persistently weedy even in its native range where it drove Taiwan wild rice to
extinction. M. Keisak grows in high densities and occurs regularly in inland and freshwater
tidal wetlands. It is categorized as an r-selected species and produces numerous small seeds
that could be dispersed by environmental or animal vectors.
Dunn, C.P. and Sharitz, R.R., 1990. The relationship of light and plant geometry to self‐thinning
of an aquatic annual herb, Murdannia keisak (Commelinaceae). New Phytologist, 115(3),
pp.559-565.
P: To determine what levels of light exposure promote M. Keisak growth, and whether
intraspecific competition can reduce the specie’s overall growth.
C: Maximum biomass levels of M. Keisak occur in. Plants grow in higher densities in
unshaded environments but increase their size when shaded. The study also showed that
intraspecific competition only occurs in unshaded environments.
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Ehrenfeld, J.G., 2010. Ecosystem consequences of biological invasions. Annual review of ecology,
evolution, and systematics, 41, pp.59-80.
P: Comprehensive review of ecological issues related to invasive species.
C: For general citation purposes. Key points: Rapidly accumulating evidence from many
species of both animal and plant invaders suggests that invasive species often increase
pool sizes, particularly of biomass, and promote accelerated flux rates, but many
exceptions can be found. Ecosystem dynamics are altered through a variety of interacting,
mutually reinforcing mechanistic pathways, including species’ resource acquisition traits;
population densities; ability to engineer changes to physical environmental conditions;
effects on disturbance, especially fire regimes; the ability to structure habitat for other
species; and their impact on food webs. Local factors of landscape setting, history, and
other sources of disturbance constrain ecosystem responses to invasions.
Elton, C.S., 1958. The Ecology of Invasions by Animals and Plants. Methuen, London.
P: To pull together three different fields (in Elton’s words, “faunal history”, “ecology”, and
“conservation”) to create the first major scientific work on biological invasion.
C: This is considered to be the seminal work on biological invasion and the one most
often cited as the foundational text for the subject. This book was the inspiration for
much groundbreaking work in the field and should be cited as such (see D. M. Richardson
edited volume published in 2011 for a detailed look at the influence of this reference).
Environmental Laboratory. 1987. Corps of Engineers wetland delineation manual. Technical
Report Y-87-1, Waterways Experiment Station, Vicksburg, MS.
P: Corps wetland delineation manual.
C: For general citation purposes.
Environmental Law Institute. (2004). Measuring Mitigation: A review of the science for
compensatory mitigation performance standards. Tech. rep., Environmental Law Institute.
P: Literature review for mitigation performance standards.
C: For general citation purposes (although most of the relevant papers reviewed in the
document are already included elsewhere in this literature review).
Ewel, J.J. and Putz, F.E., 2004. A place for alien species in ecosystem restoration. Frontiers in
Ecology and the Environment, 2(7), pp.354-360.
P: Presenting an alternative in restoration that recognizes the counterproductivity of blanket
condemnation against alien species.
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C: From a controversial point of view, the authors argue that there are many cases where
alien species can be tolerated or even encouraged when providing essential ecological and
socioeconomic services. Alien species may hasten
restoration or make it more effective, with both
economic and ecological payoffs. Risk of
tolerating non-native species may be worth the
reward particularly in degraded landscapes
(urban restoration) where reassembly of a
functioning biological community is the most
important goal. The authors invoke the concept of
“nurse plants” as a potentially useful mode for alien
species (note: this concept could be extended to
native species that are often viewed as aggressive or
problematic, like red maple or black willow).

Ferrero, A., Tesio, F., Tabacchi, M. and Vidotto, F., 2012. The effects of water management, timing
and the rate of several herbicides on the growth of Murdannia keisak (Hassk.) Handel-Mazz.
Crop protection, 38, pp.53-56.
P: To evaluate the efficacy of multiple management techniques used for M. keisak control.
C: M. keisak suffers when completely flooded but thrives in saturated conditions. Treatment
of herbicides such as Bispyribac-sodium effectively kills off M. Keisak but preserve rice
species in an agricultural setting.
Flory, S.L., 2010. Management of Microstegium vimineum invasions and recovery of resident
plant communities. Restoration Ecology, 18(1), pp.103-112.
P: Experimental manipulation conducted over 2 growing seasons in southern IN to evaluate
efficacy of different techniques (weeding, post-emergent herbicide, post-emergent plus preemergent herbicide).
C: All three approaches reduced Microstegium biomass by the end of year 1. After year 2,
post-emergent worked best for control and let natives re-establish. Weeded plots were
significantly re-invaded, but still allowed increased resident plant community productivity.
Weeding and/or post-emergent herbicide treatments were considered best for the goal of
restoring native plant communities, with the latter being the most efficient and least laborintensive.
Foster, R.D. and Wetzel, P.R., 2005. Invading monotypic stands of Phalaris arundinacea: a test of
fire, herbicide, and woody and herbaceous native plant groups. Restoration Ecology, 13(2),
pp.318-324.
P: In this study invasion windows were created for native species in monotypic stands of
Phalaris arundinacea with either fire or herbicide. Three native species groups, herbaceous
plants, herbaceous seeds, and woody shrubs were planted into plots burned or treated with
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herbicide in the early spring. (Note the use of “invasion” here to mean incursion by native
species into an invasive population).
C: Fire did not facilitate invasion of Phalaris stands by native species, but herbicide did by
reducing overall root and shoot biomass of Phalaris (when compared with control plots).
Herbaceous monocots were most successful, but by the end of the second season the
“invasion window” was closing as evidenced by Phalaris root/shoot biomass values on par
with control plots. Some woody species did survive, which shows promise for introducing
seedlings into monocultures of dominant invasives in order to change the community
structure.
Foxcroft, L.C. 2004. An adaptive management framework for linking science and management of
invasive alien plants. Weed Technology 18:1275-1277.
P: Review of adaptive management in invasive species remediation.
C: Useful citation for definitions and foundational concepts.
Freeland, J., Ciotir, C. and Kirk, H., 2013. Regional differences in the abundance of native,
introduced, and hybrid Typha spp. in northeastern North America influence wetland
invasions. Biological invasions, 15(12), pp.2651-2665.
P: In northeastern North America, an important wetland invader is the cattail Typha x glauca,
a hybrid of native Typha latifolia and introduced Typha angustifolia. This study looked at the
distribution of genotypes from 61 different locations in the Great Lakes/St. Lawrence (GLSL)
region and the Nova Scotia/New Brunswick/Maine (NSNB) region.
C: The authors found no evidence that the formation of backcrossed and advancedgeneration hybrids is limited by the reproductive barriers that are evident in F1 hybrids.
However, although backcrossed individuals arise in both regions, they are much less
common than F1 hybrids, which may explain why the parental species boundary remains.
They concluded that F1 hybrids are playing a key role in the invasion of wetlands in the
GLSL region, whereas their low frequency in the NSNB region may explain why Typha
appears to be much less invasive further east.
Galatowitsch, S.M., Anderson, N.O. and Ascher, P.D., 1999. Invasiveness in wetland plants in
temperate North America. Wetlands, 19(4), pp.733-755.
P: To review current knowledge about plant species invasion in temperate North American
wetlands, and to propose hypotheses for why invasive species exhibit success in those
habitats.
C: Three hypotheses were proposed in an effort to explain why species serve as successful
invaders: the Evolution of Increased Competitive Ability Hypothesis (later called the
Enemy Release Hypothesis by Keane and Crawley, 2002) which is characterized by nonnatives gaining a competitive edge (more available niche space, or reduced investment in
predator defenses) in the absence of invader-specific enemies; the Environmental
Constraints Hypothesis, which assumes that species become invasive by taking advantage
of more-favorable environmental conditions that were uninhabitable (due to competitive
exclusion or otherwise) in their native habitat; and, the Introgression Hypothesis, which
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states that invasive species can hybridize with native species, thus exchanging favorable
traits and rendering more competitive individuals. The authors also documented increases in
disturbance in wetlands due to nutrient input, clearing, toxicity, and flooding, and
highlighted the possibility for nutrient enrichment to alter species dynamics in invaded
areas. Finally, the authors illustrated the range expansions of species like hybrid cattail
(Typha x glauca), purple loosestrife (Lythrum salicaria), milfoil (Myriophyllum spicatum), RCG
(Phalaris arundinacea), and common reed (Phragmites australis), finishing their evaluation of
each by incorporating relevant hypotheses.
Gilliam, F. S., J. D. May, M. A. Fisher, and D. K. Evans. 1999. Short-term changes in soil nutrients
during wetland creation. Wetlands Ecology and Management 6:203-208.
P: This study examined changes in pH and extractable nutrients in soils inundated eight
months following wetland creation.
C: Eight months after inundation, the soil redox decreased from + 210 mV to −290
mV, and extractable NO3 and Ca decreased and extractable NH4 and Fe increased, but
pH and extractable P, Mn, Mg, and Zn changed either slightly or not at all. These
results suggest that eight months is an insufficient period of time for a complete
change toward hydromorphic soils. This is relevant because it shows that even after
flooding, the anticipated release of bioavailable P from FeOx-P complexes may lag
measured soil redox – perhaps a clue that the timing for P release is on the order of 2-3
yrs (consistent with autogenic dominance phase). Other results suggest that the
response of nitrogen during the wetland creation processes may be extremely rapid.
Green, E.K. and Galatowitsch, S.M., 2001. Differences in wetland plant community establishment
with additions of nitrate-N and invasive species (Phalaris arundinacea and Typha× glauca).
Canadian Journal of Botany, 79(2), pp.170-178.
P: To determine the effects of nitrogen enrichment and invasion by Typha and RCG on
prairie pothole communities using greenhouse experiments.
C: RCG has detrimental effects on native communities regardless of nitrogen enrichment,
but Typha does not suppress diversity under any conditions. The authors also found that
while RCG increases biomass in high nitrogen treatments, native shoots also increase in
number and biomass. Overall, the authors determined that “an abundant native sedge
meadow community cannot be achieved without controlling P. arundinacea.”
Green, E.K. and Galatowitsch, S.M., 2002. Effects of Phalaris arundinacea and nitrate‐N addition
on the establishment of wetland plant communities. Journal of applied Ecology, 39(1),
pp.134-144.
P: To determine the effects of nitrogen enrichment and invasion by Typha and RCG on
prairie pothole communities using in-situ experiments.
C: Regardless of nitrogen fertilization, RCG is correlated with decreased abundance of native
species, but in high nitrogen conditions, RCG showed increased dominance.
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Grice, T., 2009. Principles of containment and control of invasive species. Invasive species
management: a handbook of principles and techniques. Oxford University Press, Oxford,
pp.61-76.
P: Review of basic concepts in invasive species control
C: Multi-stage process. Figure 5.1 (five phases of invasion) useful. Containment strategy
and control/no-control decision basis. Stepwise description of containment/control
approach (starting on pg. 67) useful for general citation purposes.
Grime, J. P. 1977. Evidence for the
existence of three primary strategies
in plants and its relevance to
ecological and evolutionary theory.
American Naturalist 111:1169-1194.
P: Summary Grime’s C-S-R life
history strategy model in plants.
C: Competitive (C), Stress-tolerator
(S), and Ruderal (R) life history
strategies proposed as an alternative
to the classic r vs. K continuum. The
C-S-R model has several conceptual applications to the field if plant invasion ecology
(see Alpert et al. 2000).
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Hallwood, P., 2007. Contractual difficulties in environmental management: the case of wetland
mitigation banking. Ecological Economics, 63(2-3), pp.446-451.
P: This paper offers a principal-agent model of feasible private contracting in mitigation and
conservation banking aimed at the protection of natural habitat and biodiversity of US
wetlands and uplands.
C: While it is straightforward to design an incentive contract, the author contends that such
a contract may be incapable of achieving the federally mandated objective of no net loss of
wetland functions through wetland mitigation; there may be failure of contract design or
execution. Also considered are several institutional mechanisms that may promote the
convergence of private contracting and attainment-mandated wetland protection. These
include greater oversight by the government, payment of subsidies, greater accuracy in the
identification of actual wetland quality by the principal, and use of several other
incentive alignment mechanisms.
Heffernan, K., E. Engle, C. Richardson. 2014. Virginia Invasive Plant Species List. Virginia
Department of Conservation and Recreation, Division of Natural Heritage. Natural Heritage
Technical Document 14-11. Richmond.
P: Current list of invasive species in VA.
C: This will be used as the source text for classifying species as “invasive” in VA.
Henderson, P.A. and R. Southwood. 2016 Ecological Methods, 4th Edition. JohnWiley & Sons, Inc.,
Chichester, West Sussex.
P: Ecological sampling and analysis text.
C: Useful reference for sampling design and statistical analysis.
Herborg, L-M., J. M. Drake, J. D. Rothlisberger, and J. M. Bossenbroek. 2009. Identifying suitable
habitat for invasive species using ecological niche models and the policy implications of
range forecasts. In: Keller, R. P. (ed.). Bioeconomics of Invasive Species: Integrating Ecology,
Economics, Policy, and Management. Oxford: Oxford University Press.
P: Review of ecological niche modeling and its application to invasive species management.
C: Ecological niche modeling is one approach to predicting the potential distribution of
invasive species (also referred to as environmental niche modeling). Tools include GLMs,
GAMs, NPMR, GARP, etc. Data include presence/absence and habitat information. Niche
modeling seems to be a GIS-based approach and does not appear to have site-specific
application, but it’s worth reviewing further.
Hill, T., Kulz, E., Munoz, B. and Dorney, J.R., 2013. Compensatory stream and wetland mitigation
in North Carolina: an evaluation of regulatory success. Environmental management, 51(5),
pp.1077-1091.
P: Review of stream and wetland mitigation performance in NC during the 2000s (against
performance standards in mitigation planning documents or in permits).
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C: Success was high (74% for wetlands and 75% for streams), which demonstrates a positive
trend for mitigation planning and execution in comparison with similar studies from the
1990s.
Hobbs, R. J. and L. F. Huenneke. 1992. Disturbance, diversity, and invasion: implications for
conservation. Conservation Biology 6:324-337.
P: Foundational paper on disturbance and the connection to biological diversity and
invasion.
C: This paper can be cited for general purposes, highlighting the nuance between
disturbance as a mediator of biological diversity (e.g., Intermediate Disturbance Hypothesis)
and as a mode of introduction for invasive species. Although grasslands are used as the
archetypal ecosystem, the general concepts are applicable to a broad range of habitat types.
Hobbs, R.J. and Richardson, D.M., 2011. Invasion ecology and restoration ecology: parallel
evolution in two fields of endeavour. Fifty years of invasion ecology: the legacy of Charles
Elton, pp.61-69.
P: Overview of similarities and differences between invasion and restoration ecology.
C: For general citation purposes, including terminological issues in both fields.
Hobbs, R.J., Hallett, L.M., Ehrlich, P.R. and Mooney, H.A., 2011. Intervention ecology: applying
ecological science in the twenty-first century. BioScience, 61(6), pp.442-450.
P: This is a position paper summarizing an emerging trend in restoration ecology focused
on removing pre- and mis-conceptions about what the outcome of restoration should be,
focusing instead on meaningful human intervention at strategic leverage points (both within
ecosystems and within human society).
C: Rapid, extensive, and ongoing environmental change increasingly demands that humans
intervene in ecosystems to maintain or restore ecosystem services and biodiversity. At the
same time, the basic principles and tenets of restoration ecology and conservation biology
are being debated and reshaped. Escalating global change is resulting in widespread “noanalogue” environments and novel ecosystems that render traditional goals unachievable.
Policymakers and the general public, however, have embraced restoration without an
understanding of its limitations, which has led to perverse policy outcomes. Focus is
on interventions aimed at ecosystem states (or changes thereto).
Hogan, D. M., T. E. Jordan, and M. R. Walbridge. 2004. Phosphorus retention and soil organic
carbon in restored and natural freshwater wetlands. Wetlands 24:573-585.
P: Examined soil physical and chemical characteristics and phosphorus (P) sorption
capacities in three recently restored herbaceous wetlands (RWs) on previously cultivated
soils and three adjacent natural forested wetlands (NWs) on Kent Island, Maryland. Objective
was to compare P retention in these two wetland types.
C: Fifteen soil chemical parameters were significantly correlated with P sorption
(based on single factor regression), including residual Al, oxalate-extractable Al and
Fe, clay, HCl-extractable Fe and pyrophosphate-extractable Fe.
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Holt, J.S., 2009. Management of invasive terrestrial plants. Invasive Species Management. Oxford
University Press, Oxford, pp.126-140.
P: Review of the exigencies and challenges of management in terrestrial plants.
C: Figure 9.1 – belowground storage of carbohydrates on annual basis (implication for
management). Review of management techniques and pros/cons. “Integrated Weed
Management” (IWM) defined.
Hooper, D. U. and P. M. Vitousek. 1997. The effects of plant composition and diversity on
ecosystem processes. Science 277:1302-1305.
P: The relative effects of plant richness (the number of plant functional groups) and
composition (the identity of the plant functional groups) on primary productivity and soil
nitrogen pools were tested experimentally.
C: Differences in plant composition explained more of the variation in production and
nitrogen dynamics than did the number of functional groups present – species composition
is as important (if not more) than richness or diversity alone.
Hough, P. and Robertson, M., 2009. Mitigation under Section 404 of the Clean Water Act: where
it comes from, what it means. Wetlands Ecology and Management, 17(1), pp.15-33.
P: Review paper on Section 404 mitigation.
C: Can be cited for general statements about mitigation under the Section 404 program.
Iacarella, J.C., Mankiewicz, P.S. and Ricciardi, A., 2015. Negative competitive effects of invasive
plants change with time since invasion. Ecosphere, 6(7), pp.1-14.
P: Using meta-analysis and home range estimation techniques, researchers examined how
negative competitive effects of invasive species vary across different spatio-temporal
invasion contexts [meta-analysis of 26 studies that used greenhouse microcosm and
common garden pairwise experiments to measure the growth response of native plants in
the presence of terrestrial plant invaders (36 species), compared to time since invasion at the
collection site (number of years between the estimated year of initial invasion, by spread of
the invader, and the time of collection for the study)].
C: Negative competitive effects declined across sites that had been invaded for longer
periods of time, with effects of invasive grasses declining more rapidly over time than
forbs, herbs, and shrubs. This study also provides a good example of the use of
common garden experimentation to review competitive effects in plants.
Keane, R.M. and Crawley, M.J., 2002. Exotic plant invasions and the enemy release hypothesis.
Trends in ecology & evolution, 17(4), pp.164-170.
P: To critically evaluate the Enemy Release Hypothesis (ERH) using theoretical concepts and
experimental evidence.
C: Exotics grow larger, reproduce more and live longer in introduced regions than in native
regions. While host switching by native predators occurs, it has little effect on invasive
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species. Ultimately, the ERH does impact exotic invasion, but does not explain invasiveness in
all species.

Keller, R. P. and J. M. Drake. 2009. Trait-based risk assessment for invasive species. In: Keller, R. P.
(ed.). Bioeconomics of Invasive Species: Integrating Ecology, Economics, Policy, and
Management. Oxford: Oxford University Press.
P: To discuss the recent formalization of trait identification as a risk assessment tool for
biological invasion.
C: Good brief review of traits associated with invasion, particularly plants. Also see
Table 3.1 on scoring, Table 3.2 and Figure 3.1. Appendix 3.1 provides a model that may
be used as a basis for trait-based risk assessment.
Kellogg, C.H. and Bridgham, S.D., 2004. Disturbance, herbivory, and propagule dispersal control
dominance of an invasive grass. Biological Invasions, 6(3), pp.319-329.
P: Examined the importance of propagule dispersal and deer herbivory on continued
dominance of Phalaris arundinacea after a non-catastrophic, short-term disturbance to
monotypic stands of the plant.
C: Herbicide disturbance created a reduction in Phalaris cover that was barely detectible in
experimental plots (mimicking a natural disturbance), but the combination of native species
seeding and deer exclusion resulted in increases in species richness that were still being
observed after 3 years.
Kercher, S.M. and Zedler, J.B., 2004. Flood tolerance in wetland angiosperms: a comparison of
invasive and noninvasive species. Aquatic botany, 80(2), pp.89-102.
P: To assess flood tolerance in noninvasive vs invasive plants, biomass production and height
growth (surrogate for dominance), and root airspace.
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C: Phalaris and Typha latifolia were most flood-tolerant, had the highest biomass production
rates, the most root airspace (Phalaris was highest), and were among the tallest. Both
referred to as “matrix clonal dominants” (citing Boutin and Keddy 1993). Grasses and
graminoids tolerated flooding better than broadleaved forbs (but no succulents in study).
Authors noted that Phalaris and Typha were dominant at all flooding regimes (even
dry conditions), which suggested to them that nutrients may have been more
important in enabling plants to become invasive (but they did not study nutrients).
Kercher, S.M. and Zedler, J.B., 2004. Multiple disturbances accelerate invasion of reed canary
grass (Phalaris arundinacea L.) in a mesocosm study. Oecologia, 138(3), pp.455-464.
P: To determine the effects of sedimentation and nutrient enrichment on RCG invasiveness
and native plant communities.
C: RCG growth negatively impacts native plant communities by decreasing species richness
and abundance. The conditions under which RCG thrives the most are characterized by high
flooding and sedimentation coupled with high nutrient loads.
Kettenring, K.M. and Adams, C.R., 2011.
Lessons learned from invasive plant
control experiments: a systematic
review and meta‐analysis. Journal of
Applied Ecology, 48(4), pp.970-979.
P: Systematic review and meta-analysis
of invasive plant control research
papers, addressing the following
questions: (i) what control efforts have
been most successful; and (ii) what
invasive plant control research best
translates into successful restoration
application?
C: The authors identified several
limitations to successful invasive species
control including: minimal focus on
revegetation with natives after invasive
removal, limited spatial and temporal
scope of invasive plant control research,
and incomplete evaluation of costs
and benefits associated with invasive
species management actions. Metaanalysis was based on a subset of
studies that (i) reported quantitative
estimates for biomass, cover, or density
of the invader and ⁄ or native species,
(ii) published values quantitatively or in
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tabular form and (iii) had a study design with either a pre-treatment⁄ post-treatment or
control ⁄ treatment comparison – returning 355 papers published between 1960 and 2009.
Phalaris arundinacea and Centaurea maculosa were the two most commonly studied species
(21 and 15 papers, respectively; Microstegium had 8 papers). One important and oftencited conclusion was that management programs can have negative impacts on
ecosystems (e.g., long-term management often reduces native species richness, and
extensive herbicide use can cause changes to the ecosystem that allow re-invasion of
the targeted organism or a novel invader). This is problematic because these
approaches are often also the most efficient at reducing invasive species abundance.
Kozich, A.T. and Halvorsen, K.E. 2012. Compliance with wetland mitigation standards in the
Upper Peninsula of Michigan, USA. Environmental management, 50:97-105.
P: Examined wetland mitigation permit files issued in Michigan’s Upper Peninsula between
2003 and 2006 to assess compliance with Michigan DEQ policies.
C: MDEQ performance standard for invasive species was <10%. Fifty-five percent were
out of compliance. The authors found no relationship between invasive species
noncompliance and past site monitoring, age of mitigation site (i.e., they expected higher
invasion on younger sites), or proximity to roads. However, they did find that wetland
restoration projects were far more likely to be compliant with invasive species performance
standards than wetland creation projects.
Lavergne, S. and Molofsky, J., 2004. Reed canary grass (Phalaris arundinacea) as a biological
model in the study of plant invasions. Critical Reviews in Plant Sciences, 23(5), pp.415-429.
P: To review literature relevant RCG ecology and management.
C: RCG shows many traits that are characteristic of invasive species including its ability to
threaten native plant communities by reducing native species richness and abundance. The
authors note that introduction of RCG was intentional and is still ongoing as RCG is planted
for bank stabilization and fodder. Additionally, the Introgression Hypothesis (Galatowisch
et al. 1999) is implicated as a potential factor in RCG success, as hybridization potential
exists between native and non-native RCG. Finally, the authors identify shading as a
potential inhibitor of RCG, and nutrient enrichment as the most severe promoter for RCG
invasion.
Lawrence, B.A., Lishawa, S.C., Rodriguez, Y. and Tuchman, N.C., 2016. Herbicide management of
invasive cattail (Typha× glauca) increases porewater nutrient concentrations. Wetlands
ecology and management, 24(4), pp.457-467.
P: To compare the effects that three management strategies for Typha have on native
diversity, soil quality and post-treatment Typha density.
C: Mowing, manual removal, and herbicide application are all effective strategies for
reducing biomass of Typha, but herbicide use re-nutrifies adjacent aquatic and terrestrial
habitats and reduces native diversity in comparison to prior conditions and non-herbicide
management.
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Lewis, M.A., Petrovskii, S.V. and Potts, J.R., 2016. The mathematics behind biological invasions
(Vol. 44). Switzerland: Springer.
P: Review text on mathematical considerations in biological invasion.
C: This is an excellent reference for mathematical models, but also provides some
foundational concepts in invasion dynamics, single vs. multispecies systems, and dispersal
and spread. The chapter on assessing invasion risk (Ch9) will be an important source
for future concepts.
Lockwood, J.L., Hoopes, M.F. and Marchetti, M.P., 2013. Invasion ecology. John Wiley & Sons.
P: General review textbook on invasion ecology.
C: This is one of the best recent summaries of the topic and can be used for citation
regarding general principles.
Lovell, S.J., Stone, S.F. and Fernandez, L., 2006. The economic impacts of aquatic invasive species:
a review of the literature. Agricultural and Resource Economics Review, 35(1), pp.195-208.
P: Review of the economic literature on aquatic invasive species.
C: There are few estimates of non-market impacts. Most relate to recreation impacts.
Potential for classification of five types of economic impacts related to: 1) production, 2)
price and market effects, 3) trade, 4) food security and nutrition, and 5) financial costs.
Theoretical discussion (pg. 196) and summary in Table 1 are helpful.
Lowry, E., Rollinson, E.J., Laybourn, A.J., Scott, T.E., Aiello‐Lammens, M.E., Gray, S.M., Mickley, J.
and Gurevitch, J., 2013. Biological invasions: a field synopsis, systematic review, and database
of the literature. Ecology and evolution, 3(1), pp.182-196.
P: Review describing and categorizing some aspects of biological invasion literature to
better understand what has been studied and what is known, mapping well-studied areas
and important gaps. This is done by employing techniques of systematic reviewing widely
adopted in other scientific disciplines, to further the use of approaches in reviewing the
literature that are as scientific, repeatable, and transparent as those employed in a primary
study.
C: The authors identified 2398 relevant studies in a field synopsis of the biological invasions
literature. A majority of the studies (58%) were concerned with hypotheses for causes of
biological invasions, while studies on impacts of invasions were the next most common
(32%). The authors examined 1537 papers in greater detail in a systematic review. From this,
superior competitive abilities of invaders, environmental disturbance, and invaded
community species richness were the most common hypotheses examined. Most studies
examined only a single hypothesis. Almost half of the papers were field observational
studies. Studies of terrestrial invasions dominated the literature, with most of these
concerning plant invasions. This paper can be cited to demonstrate the need for habitatspecific research on biological invasion in compensatory mitigation.
Magee TK, Ernst TL, Kentula ME, Dwire KA. 1999. Floristic comparison of freshwater wetlands in
an urbanizing environment. Wetlands 19(3):517-53.
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P: Evaluated freshwater palustrine wetlands to characterize plant species richness and
composition of naturally occurring versus mitigated wetlands.
C: Though overall species richness was high (365 plant taxa), over 50% of these species were
introduced and only 14 species occurred on more than half the sites, and nine of them were
invasive introduced species. The floristic composition of the mitigated wetlands varied
with the level of development in the surrounding landscape and wetland age, and there was
a strong relationship between percent cover of water and HGM class. The paper is pertinent
in that it addresses the issue of realistic restoration goals for urban areas.
Manly, B. F. J. 2016. Standard sampling methods and analysis. In: B. F. J. Manly and J. A. N.
Alberto. Introduction to Ecological Sampling. CRC Press, Boca Raton, FL. pp. 7-32.
P: Review chapter on sampling methods.
C: Good recently published reference on sampling design.
Maron, J.L. and Vilà, M., 2001. When do herbivores affect plant invasion? Evidence for the natural
enemies and biotic resistance hypotheses. Oikos, 95(3), pp.361-373.
P: Review of natural enemies hypothesis and biotic resistance hypothesis.
C: The natural enemies hypothesis says that introduced organisms spread rapidly
because they are liberated from their co-evolved predators, pathogens and herbivores.
The biotic resistance hypothesis asserts that introduced species often fail to invade
communities because strong biotic interactions with native species hinder their
establishment and spread.
Matthews, J. W. 2015. Group-based modeling of ecological trajectories in restored wetlands.
Ecological Applications 25:481-491.
P: Introduce the use of group-based trajectory modeling (GBTM) to identify clusters of
similar restoration trajectories within a sample of sites. Data collected at 54 restored
wetlands in Illinois for up to 15 years post-restoration were used to describe trajectories of
six indicators: 1) plant species richness, 2) number of Carex (sedge) species, 3) mean
Coefficient of Conservatism (mean C), 4) native plant cover, 5) perennial plant cover, and 6)
planted species cover.
C: Cover by native and planted species declined, while species richness and mean C
increased over time or peaked then declined. Site context and management may explain
trajectory group membership. Specifically, wetlands restored more recently and those
restored within forested contexts were more likely to follow increasing trajectories.
Matthews, J.W. and Endress, A.G. 2008. Performance criteria, compliance success, and vegetation
development in compensatory mitigation wetlands. Environmental Management 41:130-141.
P: Looked at performance criteria and success for 76 mitigation sites in IL.
C: Standard for “undesirable” species is “none dominant”. Only 15% of sites met this
goal. Most that failed were due to Phalaris and Typha. The “none dominant” standard
seems appropriate to the authors. Also, no relationship was found between number of
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species planted (higher richness) and any vegetation metrics (note that this differs from
other studies).
Matthews, J. W., A. L. Peralta, D. N. Flanagan, P. M. Baldwin, A. Soni, A. D. Kent, and A. G. Endress.
2009a. Relative influence of landscape vs. local factors on plant community assembly in
restored wetlands. Ecological Applications 19:2108-2123.
P: Examined the relationship of landscape and local explanatory variables to plant species
composition in 28 restored wetlands in IL. Using constrained ordination combined with
variation partitioning, the authors determined the independent and joint effects of three
spatially hierarchical sets of variables: 1) macroscale landscape features reflecting site setting
within regional landscapes, 2) mesoscale landscape features reflecting nearby propagule
sources and buffers from disturbances, and 3) local environmental factors.
C: When plants were grouped according to traits, independent contribution of local
predictors was greater than macroscale or landscape predictors [relevant to invasion?].
Scale of influence will depend on restoration goals: habitat types will be best planned based
on local factors, while conservation or species assemblage goals will benefit from landscapelevel planning in accordance with species pools.
Matthews, J. W., G. Spyreas, and A. G. Endress. 2009b. Trajectories of vegetation-based
indicators used to assess wetland restoration progress. Ecological Applications 19:2093-2107.
P: Measures describing the maturity or ecological integrity of a restoration site are often
assumed to follow monotonically increasing trajectories over time and to eventually reach an
asymptote representative of a reference ecosystem. This assumption of simple,
predictable restoration trajectories underpins federal and state policies in the United
States that mandate wetland restoration as compensation for wetlands damaged
during development. The authors evaluated the validity of this assumption by tracking
changes in 11 indicators of floristic integrity, often used to determine legal compliance, in 29
mitigation wetlands in IL.
C: Between 48% and 76% of sites displayed trends that were at least moderately well
described (R2 > 0.5) by one of the two models. Floristic indicators based on species richness,
including native richness, number of native genera, and the floristic quality index, rapidly
increased to asymptotes exceeding levels in a majority of reference wetlands. In contrast,
indicators based on species composition, including mean coefficient of conservatism and
relative importance of perennial species, increased very slowly. Thus, some indicators of
restoration progress followed increasing trajectories and achieved or surpassed levels
equivalent to high-quality reference sites within five years, whereas others appeared
destined to either not reach equivalency or to take much longer than mitigation wetlands
are typically monitored. Finally, some indicators of restoration progress, such as relative
importance of native species, often increased over the first five to 10 years and then
declined, which would result in a misleading assessment of progress if based on typical
time scales of monitoring.
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Matthews, J.W. and Spyreas, G.,
2010. Convergence and
divergence in plant
community trajectories as a
framework for monitoring
wetland restoration progress.
Journal of Applied Ecology,
47(5), pp.1128-1136.
P: Framework for monitoring
restorations that integrates
two ideas from succession
theory: 1) convergence vs.
divergence in species
composition among
successional sites (see image
to right – circles are sites), and
2) progression towards vs.
deviation from an expected community state (at right – squares are targets). Authors apply
this framework to short and long-term monitoring data from 11 restored wetlands in IL by
comparing plant species composition among restored wetlands over time and between
restored wetlands and two sets of reference wetlands (high integrity, ‘target’ wetlands and
low integrity, degraded wetlands).
C: Over the first 4 years, restored wetlands that were initially similar in species composition
diverged, progressing towards different high integrity target states. Planting a large
number of native species in restorations increased their similarity to reference
wetlands. Over longer time scales (5–11 years post-restoration), restored wetlands
deviated from the ideal trajectory and converged upon the species composition of
degraded wetlands, mainly because of non-native species invasion.
McCune, B. and J. B. Grace. 2002. Analysis of Ecological Communities. MjM Software Design,
Gleneden Beach, Oregon.
P: Textbook reference on statistical approaches to ecological sampling and analysis.
C: This is the go-to text on community ordination techniques, and an excellent reference for
general approaches to sampling, organizing, and analyzing complex ecological data sets.
McIntosh, C.R., D. C. Finnoff, C. Settle, and J. F. Shogren. 2009. Economic valuation and invasive
species. In: Keller, R. P. (ed.). Bioeconomics of Invasive Species: Integrating Ecology,
Economics, Policy, and Management. Oxford: Oxford University Press.
P: Review of economic valuation of invasive species impacts.
C: This chapter provides a good overview of the process for non-market valuation of
invasive species impact, including prevention and control. Limitations and challenges are
discussed.
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Miller, J.H. 2003. Nonnative Invasive Plants of Southern Forests. USDA Forest Service/UNL
Faculty Publications.
P: Field manual for common non-native invasive species of SE region.
C: Includes descriptions and management recommendations.
Mitchell, J.D., Lockaby, B.G. and Brantley, E.F., 2011. Influence of Chinese privet (Ligustrum
sinense) on decomposition and nutrient availability in riparian forests. Invasive Plant Science
and Management, 4(4), pp.437-447.
P: To determine the effect that invasion by Ligustrum has on nutrient cycling using
decomposition rates and in-situ soil samples as a proxy.
C: Ligustrum invasion increases decomposition rate in riparian forests by changing leaf litter
quality. In sites invaded by Ligustrum, nitrogen:phosphorous ratios were higher.
Mitsch, W.J., Zhang, L., Stefanik, K.C., Nahlik, A.M., Anderson, C.J., Bernal, B., Hernandez, M. and
Song, K. 2012. Creating wetlands: primary succession, water quality changes, and self-design
over 15 years. Bioscience 62:237-250.
P: The succession of vegetation, soil
development, water quality changes,
and carbon and nitrogen dynamics
are summarized for a pair of 1hectare flow-through-created riverine
wetlands (Olentangy River Wetland
Research Park at Ohio State) for their
first 15 years.
C: Wetland plant richness increased
from 13 originally planted species to
116 species overall after 15 years, with
most of the increase occurring in
the first 5 years. The planted
wetland had a higher plant
community diversity index for 15
years, whereas the unplanted
wetland was more productive
(mostly due to dominance of
Typha). Wetland soils turned hydric
within a few years; soil organic carbon
doubled in 10 years and almost
tripled in 15 years. Nutrient removal
was similar in the two wetlands in
most years, with a trend of
decreased removal over 15 years
for phosphorus.
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Mueller-Dombois, D. and H. Ellenberg. 1974. Aims and Methods of Vegetation Ecology. Wiley
and Sons, London, UK.
P: Textbook on vegetation sampling and analysis.
C: General reference for sampling design and sample adequacy.
Naiman, R. J. and H. Décamps. 1997. The ecology of interfaces: riparian zones. Annual Review of
Ecology and Systematics 28:621-658.
P: Review of ecology of riparian zones.
C: General citation source for openness of riparian zones (with respect to propagules and
introductions).
National Research Council. 1992. Restoration of Aquatic Ecosystems: Science, Technology, and
Public Policy. National Academy Press, Washington, D.C.
P: Summary reference on NRC review of aquatic ecosystem restoration.
C: Appropriate citation for general and historical concepts on restoration of aquatic
ecosystems in N. America.
National Research Council. 2001. Compensating for Wetland Losses Under the Clean Water Act.
National Academy Press, Washington, DC.
P: To describe no-net loss policies established under the Bush administration, and their
subsequent effects on wetland management.
C: While conclusions were not explicitly drawn in this source, the importance of maintaining
both acreage and function of wetlands as a part of Section 404 of the Clean Water Act was
stressed. This concept will be emphasized as a driver for our research in invasive species
ecology on compensatory wetland mitigation sites.
Nentwig, W. ed., 2007. Biological invasions (Vol. 193). Springer Science & Business Media.
P: Edited volume summarizing concepts on invasive species.
C: Chapter on pathways for plant invasion can be used as a general citation. Others may be
relevant for management.
Nichols, J. D., J. E. Perry, and D. A. DeBerry. 2006. Using a Floristic Quality Assessment technique
to evaluate plant community integrity of forested wetlands in southeastern Virginia, USA.
Natural Areas Journal 26: 360-369.
P: Testing the use of FQA to assess wetlands in SE VA.
C: Herbaceous layer and woody understory were most sensitive to land use disturbance.
Niswander, S. F. and W. J. Mitsch. 1995. Functional analysis of a two-year-old created in-stream
wetland: hydrology, phosphorus retention, and vegetation survival and growth. Wetlands
15:212-225.
P: Evaluated planted vegetation survival and growth, hydrology, and P dynamics in a 2-yearold created wetland in OH.
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C: Planting of Scirpus validus (= Schoenoplectus tabernaemontani) appeared to
initially decrease the ability of Typha to invade.
Noon, K. F. 1996. A model of created wetland primary succession. Landscape and Urban
Planning 34:97-123.
P: Noon reviewed vegetation development and soil parameters within created wetland sites
that were initially void of organic matter (similar to DeBerry and Perry 2004).
C: Noon’s use of two primary succession stages of early development: 1) Arrival and
Establishment; and 2) Autogenic Dominance, correspond to the stages of development
identified by DeBerry (2006) and DeBerry and Perry (2015). The importance of
Autogenic Dominance (e.g., 3-5+ years) to biological invasion is evidenced by the
dominance of competitive species that change the overall structure of the community
and perpetuate an “arrested” state of development. The extent to which this stage can
be foreshortened depends on the disturbance/stress dynamic (and perhaps on nutrient
levels and limiting factors such as P).
Odum, E. P. 1969. The strategy of ecosystem
development. Science 164:262-270.
P: General synthesis paper on ecosystem
development.
C: Net ecosystem exchange (PPN:R) is
relevant to concepts of early
creation/restoration. This paper may be
cited as for foundational concepts.Odum,
E. P. 1985. Trends expected in stressed
ecosystems. Bioscience 35:419-422.
P: Review paper on stress and ecosystem
responses.
C: This is a foundation paper that may be
cited for general principles. The summary
table to the right correlates with
biological invasion in several places.
“Stress” as Odum uses the term refers to a
detrimental or disorganizing influence,
which is probably more closely aligned
with “disturbance” as cited by other
authors. [This is relevant because the
interplay between disturbance and stress
is important in our understanding of
biological invasion (e.g., disturbance in
non-stressful habitats like agricultural
fields leads to invasion, while intermediate
levels of disturbance in low nutrient
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environments tends to promote higher species richness and lower risk of invasion; see Alpert
et al. 2000)].
Oswalt, C.M., Oswalt, S.N. and Clatterbuck, W.K., 2007. Effects of Microstegium vimineum (Trin.)
A. Camus on native woody species density and diversity in a productive mixed-hardwood
forest in Tennessee. Forest Ecology and Management, 242(2-3), pp.727-732.
P: To determine the effects that canopy cover alteration has on M. vimineum and native
plant communities.
C: Altered canopy cover had no generalizable effect on M. vimineum, but percent cover of
the species did lower native species richness and decrease native woody stem density. Only
a weak relation between diversity and percent cover of non-native species was recorded, but
the study’s one-year time frame led the authors to believe that long-term effects warrant
more investigation, and that M. vimineum possesses the ability to slow forest regeneration.
Paveglio, F.L. and Kilbride, K.M., 2000. Response of vegetation to control of reed canarygrass in
seasonally managed wetlands of southwestern Washington. Wildlife Society Bulletin, pp.730740.
P: Investigated vegetative response to control of reed canarygrass in seasonally managed
wetlands of southwestern Washington by looking at mechanical (disking or mowing) and
chemical (Rodeo) methods and combinations of disking and Rodeo with water-level
management.
C: Spraying and disking in the first year with a follow-up application of Rodeo during the
next growing season resulted in the most diverse plant community. Disking in the first year
with a follow-up application of Rodeo during the next growing season also yielded a
diverse plant community similar to the most efficacious treatment. Canarygrass that
germinated from seeds and grew from viable rhizomes following drawdown after the initial
Rodeo application or disking made a follow-up treatment with herbicide during the next
growing season imperative to maintain a diverse community of wetland plants with little
canarygrass. To prevent re-infestation of canarygrass, treatments should not be initiated
until water levels can be managed consistently throughout late winter and early spring
Perry, J.E., E.E. Morgan, A.E. Bevington, and D.A. DeBerry. 2009. Understanding Cattail (Typha
spp.) Invasion and Persistence in Forested
Wetlands Created by the Virginia
Department of Transportation. Virginia
Department of Transportation, Virginia
Transportation Research Council,
Richmond, VA. Final Report VTRC 09-CR10.
P: Review of cattail invasion and
persistence in created forested wetlands,
summarizing cattail (Typha spp.) research
on Virginia Department of Transportation
(VDOT) mitigation sites.
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C: Standard rationale for cattail removal in Virginia – namely, that cattails reduce
species richness and diversity within the vegetative community and outcompete
planted woody species in forested mitigation sites – is not supported by the research.
A model of soil P dynamics in created wetlands is also proposed (see figure above).
Perry, L.G., Galatowitsch, S.M. and Rosen, C.J., 2004. Competitive control of invasive vegetation: a
native wetland sedge suppresses Phalaris arundinacea in carbon‐enriched soil. Journal of
Applied Ecology, 41(1), pp.151-162.
P: To test whether lowering nitrogen (N) availability would allow a wetland sedge, Carex
hystericina, to suppress Phalaris competitively, the authors examined Carex and Phalaris
competition under a range of inorganic N concentrations (25–400 mg kg-1) in a glasshouse.
They lowered N availability in wetland soil using carbon enrichment and repeated harvests
of a cover crop, and then created a N gradient by applying NH4-N to the N-depleted soil.
C: Soil depleted of N via carbon enrichment made Carex more competitive, reducing
Phalaris biomass by 82%. Carbon enrichment lowered soil N by 10-30 mg kg-1. Carex
appears to be the superior competitor for N (when limiting), indicating greater N
update efficiency under N-poor conditions. For the region of this study (MN), lowering
soil inorganic N to <30 mg kg-1 in restored wetlands would allow establishing sedge
meadow communities to suppress Phalaris invasions.
Pimentel, D., Zuniga, R. and Morrison, D. 2005. Update on the environmental and economic
costs associated with alien-invasive species in the United States. Ecological Economics:
52:273-288.
P: To assess the magnitude of the environmental impacts and economic costs associated
with the diverse alien species that have become established within the United States.
C: Total cost: $120 billion annually in the form of management costs and lost products
related to invasive species. Plants: $25 billion; purple loosestrife $45 million, aquatic weeds
$110 million.
Pimentel, D. 2011. Environmental and economic costs associated with alien invasive species in
the United States. In: Pimentel, D. (ed.) Biological invasions: economic and environmental
costs of alien plant, animal, and microbe species. CRC press.
P: Review of environmental and economic costs of invasive species in the US
C: There are over 50,000 alien invasive species in the US, imposing an estimated $219
billion per year in economic damages (2005 numbers were $120 billion, see above).
Plants: $25 billion; purple loosestrife $45 million, aquatic weeds $110 million (note no
change in these sub-categories between 2005 and 2011). Changes in numbers between
2005 estimates and this one are mostly due to updates in losses+costs for some vertebrates
and pathogens (including human pathogens).
Rauschert, E.S., Mortensen, D.A., Bjørnstad, O.N., Nord, A.N. and Peskin, N., 2010. Slow spread of
the aggressive invader, Microstegium vimineum (Japanese stiltgrass). Biological Invasions,
12(3), pp.563-579.
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P: Using data from a 4-year experiment tracking new invasions in different habitats, the
authors developed a spatial model of patch growth for Microstegium using maximum
likelihood techniques to estimate dispersal and population growth parameters.
C: Natural dispersal rates and distances are much lower than observed expansion. Humanmediated disturbance and dispersal is implicated, particularly along roadways.
Reinhartz, J. A. and E. L. Warne. 1993. Development of vegetation in small created wetlands in
southeastern Wisconsin. Wetlands 13:153-164.
P: Examined natural colonization of plants in 11 small, isolated, created wetlands in SE WI
(1-3 yo).
C: Cattail was a dominant, but sites seeded with a diversity (22 species) of native
wetland species showed lower levels of cattail cover after 2 years. This is one of the first
important papers that studied vegetation development in created wetlands, and it reinforced
the idea that planting a diversity of species at the outset will reduce the potential for
biological invasion over time.
Reiss, K.C., Hernandez, E. and Brown, M.T., 2009. Evaluation of permit success in wetland
mitigation banking: a Florida case study. Wetlands, 29(3), pp.907-918.
P: Review of mitigation banking in FL.
C: This paper can be cited as evidence that banking results in higher incidence of success
(especially in comparison with the 1990s), with only 17% of banks not meeting success
criteria (and over 40% of banks achieving final success criteria).
Richardson, D.M. ed., 2011. Fifty years of invasion ecology: the legacy of Charles Elton. John Wiley
& Sons.
P: Proceedings from a symposium in S. Africa under the nominal heading for the text.
C: Historical perspective on five decades of research in invasion ecology (1958-2008).
Notable are Hobbs and Richardson’s chapter on invasion ecology and restoration (Ch6),
Fridley on biodiversity as a bulwark against invasion (Ch10), Callaway and Rout on soil biota
and plant invasions (Ch11), Domontt et al. on rapid adaptive evolution (Ch14), Barrett on
reproductive systems in plants (Ch15), and Dukes on invasive species and climate change
(Ch26).
Richardson, D.M., Holmes, P.M., Esler, K.J., Galatowitsch, S.M., Stromberg, J.C., Kirkman, S.P.,
Pyšek, P. and Hobbs, R.J., 2007. Riparian vegetation: degradation, alien plant invasions, and
restoration prospects. Diversity and distributions, 13(1), pp.126-139.
P: Review of riparian zones, degradation, alien plant invasion, and the potential for
restoration.
C: Rivers are conduits for materials and energy. Frequent and intense disturbances in
these systems, and their linear, narrow nature, create problems for conservation of
biodiversity and ecosystem functioning in the face of increasing human influence.

36

DeBerry and Hunter – DRAFT Annotated Bibliography
Invasive Species Research in Mitigation
April 2018

Robertson, M.M., 2004. The neoliberalization of ecosystem services: wetland mitigation banking
and problems in environmental governance. Geoforum, 35(3), pp.361-373.
P: Review of mitigation banking under the context of ecosystem services and environmental
governance.
C: Two issue arise when considering the mitigation banking industry under a neoliberal
purview: 1) the problem of relying on ecological science to define a unit of trade; and, 2) the
problem of aligning independent relations of law, politics, markets, and ecosystems across a
wide array of spatial scales.
Rojas, I.M. and Zedler, J.B., 2015. An invasive exotic grass reduced sedge meadow species
richness by half. Wetlands ecology and management, 23(4), pp.649-663.
P: To study the relationship between RCG, nutrient availability, and native plant diversity.
C: Where it invades, RCG forms a distinct line between uninvaded native communities and
areas of invasive dominance. Between these two community types, species richness is half as
high in RCG invaded areas. Nitrogen and potassium levels were also significantly correlated
with RCG dominance, with higher nitrogen and lower potassium found in native
communities than in invaded communities.
Sakai, A.K., Allendorf, F.W., Holt, J.S., Lodge, D.M., Molofsky, J., With, K.A., Baughman, S., Cabin,
R.J., Cohen, J.E., Ellstrand, N.C. and McCauley, D.E., 2001. The population biology of invasive
species. Annual review of ecology and systematics, 32(1), pp.305-332.
P: Review of population biology and invasives.
C: General reference for citation purposes.
Scheiner, S.M. 2003. Six types of species‐area curves. Global Ecology and Biogeography, 12(6),
pp.441-447.
P: Review of the species-area relationship.
C: Use for general citation purposes related to sample adequacy determination.
Schierenbeck, K.A., 2004. Japanese honeysuckle (Lonicera japonica) as an invasive species;
history, ecology, and context. Critical reviews in plant sciences, 23(5), pp.391-400.
P: To describe the history of Lonicera invasion in the United states as well as the specie’s
ecology as an invader.
C: Lonicera was originally brought to U.S. in the 1800s as an ornamental. It was first noted to
have escaped from cultivation along the Potomac in 1882, and the species often occurs
along but not within wetlands. Lonicera is likely a fierce competitor because of its capability
to photosynthesize earlier than native vines, and its tolerance for soils that are low in organic
matter. No known diseases effect the invasive vine, and it is neither removable with fire nor
by hand.
Shea, K. and P. Chesson. 2002. Community ecology theory as a framework for biological
invasions. Trends in Ecology and Evolution 17:170-176.
P: Review of community theory in invasion biology.
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C: General reference for citation purposes.
Shih, J.G. and Finkelstein, S.A., 2008. Range dynamics and invasive tendencies in Typha latifolia
and Typha angustifolia in eastern North America derived from herbarium and pollen records.
Wetlands, 28(1), pp.1-16.
P: To determine the extent of range expansions by two species of Typha using herbarium
data.
C: Both Typha latifolia and Typha angustifolia are likely native, with pollen for either species
existing pre-European settlement. Both species have increased in abundance and potentially
expanded their range especially during the early-mid 1900s. Both Typha Species have similar
invasive capability even though T. latifolia is often viewed as non-invasive while T.
angustifolia is generally viewed as invasive.
Spencer, D. R., J. E. Perry, and G. M. Silberhorn. 2001. Early secondary succession in bottomland
hardwood forests of Southeastern Virginia. Environmental Management 27:559-570.
P: Used chronosequence concept to review regeneration on clearcut BLWH sites.
C: Coppicing produced natural regeneration in densities that do not correspond to typical
performance standards.
Spieles, D. J. 2005. Vegetation development in created, restored, and enhanced mitigation
wetland banks of the United States. Wetlands 25:51-63.
P: To determine if mitigation banks are successfully supporting native wetland vegetation
and if success differs by mitigation method (created, restored, or enhanced), geomorphic
class, age, or area.
C: Several factors suggest
that mitigation banks are
trending toward vegetation
equivalence with natural
wetlands, although there was
greater incidence of nonnative species in created and
restored wetlands. First five
years is also not a good
predictor of future
development on these sites (see DeBerry 2006, DeBerry and Perry 2012).
Spieles, D. J., M. Coneybeer, and J. Horn. 2006. Community structure and quality after 10 years in
two central Ohio mitigation bank wetlands. Environmental Management 38:837-852.
P: Study of vegetation development in OH mitigation banks.
C: Sites met vegetation performance standards by year 5 and maintained through year 10.
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Stauffer, A. L., and R. P. Brooks. 1997. Plant and soil responses to salvaged marsh surface and
organic matter amendments at a created wetland in central Pennsylvania. Wetlands 17: 90105.
P: Study in PA using salvaged marsh surface to enhance substrate and vegetative
community in wetland restoration.
C: Salvaged marsh surface (SMS) plots had greater S, vegetative coverage, and
diversity than control plots, and contained more hydrophytic veg and fewer
undesirable species. SMS added significant amounts of OM and soil nutrients.
Stefanik, K., & Mitsch, W. 2012. Structural and functional vegetation development in created and
restored wetland mitigation banks of different ages. Ecological Engineering, 39, 104-112.
P: Examined the development of vegetation structure and function of mitigation bank
wetlands less than 20 years of age and compared these to reference wetlands.
C: Overall, the mitigation bank wetlands were not statistically similar to the reference sites.
Within the mitigation banks, the younger sites had higher values for structural attributes
than the older mitigation sites.
Stohlgren, T.J. and Jarnevich, C.S., 2009. Risk assessment of invasive species. Invasive species
management: a handbook of principles and techniques. Oxford University Press, Oxford,
pp.19-46.
P: Review of risk assessment in invasive species.
C: Proposes use of subjective sampling in combination with stratified-random
sampling in an iterative assessment approach. Tables 2.1 (info needed), 2.2 (traits of
invasives), and 2.3 (characteristics of invaded/non-invaded areas) could be useful.
Swearingen, J., B. Slattery, K. Reshetiloff, and S. Zwicker. 2010. Plant Invaders of Mid-Atlantic
Natural Areas, 4th ed. National Park Service and U.S. Fish and Wildlife Service. Washington,
DC.
P: General reference for invasive species in the Mid-Atlantic region.
C: For use as a reference in VA, but not to supersede Heffernan et al. (2014).
Tiner, R. W. 1999. Wetland Indicators: A Guide to Wetland Identification, Delineation,
Classification, and Mapping. Lewis Publishers, Boca Raton, FL. 392 pp.
P: Textbook summarize assessment and sampling approaches to wetland identification,
delineation, classification, and mapping.
C: Use as a reference for Dominance Test and 50:20 rule (also Prevalence Index and pointintercept as needed).
Tuchman, N.C., Larkin, D.J., Geddes, P., Wildova, R., Jankowski, K. and Goldberg, D.E., 2009.
Patterns of environmental change associated with Typha x glauca invasion in a Great Lakes
coastal wetland. Wetlands, 29(3), pp.964-975.
P: To determine the relationship between Typha and various environmental conditions over
a 4-year period.
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C: Typha was found to be positively correlated with water depth, amount of litter deposited,
soil organic matter, soil nitrogen, and soil phosphorous, but negatively correlated with native
plant diversity. Transplanted clones survived and grew even in low nutrient conditions
despite populations being found primarily in high nutrient conditions.
U.S. Army Corps of Engineers. 2010. Regional Supplement to the Corps of Engineers Wetland
Delineation Manual: Atlantic and Gulf Coastal Plain Region (Version 2.0), ed. J. S. Wakeley, R.
W. Lichvar, and C. V. Noble. ERDC/EL TR-10-20. Vicksburg, MS: U.S. Army Engineer Research
and Development Center.
P: Supplement for AGCP region.
C: General reference.
U.S. Army Corps of Engineers. 2012. Regional Supplement to the Corps of Engineers Wetland
Delineation Manual: Eastern Mountains and Piedmont Region Version 2.0, ed. J. F. Berkowitz,
J. S. Wakeley, R. W. Lichvar, C. V. Noble. ERDC/EL TR-12-9. Vicksburg, MS: U.S. Army Engineer
Research and Development Center.
P: Supplement for EMP region.
C: General reference.
U.S. Army Corps of Engineers, & United States Environmental Protection Agency. 2008.
Compensatory Mitigation for Losses of Aquatic Resources; Final Rule. Tech. rep., United States
Army Corps of Engineers and United States Environmental Protection Agency, Washington
D.C.
P: 2008 mitigation rule.
C: Use for general citation purposes (particularly as related to history of mitigation under
Section 404).
U.S. Army Corps of Engineers. 2004. Norfolk District Corps and Virginia Department of
Environmental Quality recommendations for wetland compensatory mitigation: including
site design, permit conditions, performance and monitoring criteria. Regulatory Guidance
document, USACE District Office, Norfolk, Virginia.
P: Guidance document.
C: Use for general reference and historical purposes in context of Section 404 mitigation
program in VA.
Vaccaro, L.E., Bedford, B.L. and Johnston, C.A., 2009. Litter accumulation promotes dominance of
invasive species of cattails (Typha spp.) in Lake Ontario wetlands. Wetlands, 29(3), pp.10361048.
P: Investigated cattail abundance, litter accumulation, and species density in three bayside
wetlands hydrologically connected and three protected wetlands hydrologically isolated
from Lake Ontario.
C: Mean litter biomass was higher in bayside wetlands (1.7–2.6 vs. 0.4–1.2 kg/m2) and
negatively related to species density (p=0.004) in both settings.
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Van den Bosch, K. and Matthews, J.W., 2017. An assessment of long-term compliance with
performance standards in compensatory mitigation wetlands. Environmental management,
59(4), pp.546-556.
P: Surveyed 30 compensation sites 8–20 years after restoration to determine whether
projects continued to meet performance standards (study conducted in 2012). Also
compared floristic quality of compensation sites to the quality of adjacent natural wetlands
to determine whether wetland condition in compensation sites could be predicted based on
the condition of nearby wetlands.
C: Compensation sites met, on average, 65% of standards during the final year of
monitoring and 53% of standards in 2012, a significant decrease in compliance. Although
forested wetlands often failed to meet standards for planted tree survival, the temporal
decrease in compliance was driven by increasing dominance by invasive plants in
emergent wetlands. The presumption of continued compliance with performance
standards after a 5-year monitoring period was not supported. Wetlands restored near
better quality natural wetlands achieved and maintained greater floristic quality, suggesting
that landscape context was an important determinant of long-term restoration outcomes.
Based on findings, the authors recommend that compensation wetlands should be
monitored for longer time periods, suggesting that nearby or adjacent natural wetlands
provide good examples of reasonably achievable restoration outcomes in a particular
landscape.
Venterink, H. Olde, Wassen, M.J., Verkroost, A.W.M. and De Ruiter, P.C., 2003. Species richness–
productivity patterns differ between N‐, P‐, and K‐limited wetlands. Ecology, 84(8), pp.21912199.
P: Evaluated whether the kind of nutrient limitation (N, P, or K) may affect species richnessproductivity patterns and subsequently may explain variation in species richness and in
richness of threatened species (looked at previous studies in Europe – 150 sites total).
C: Richness of threatened species was higher in P (co)-limited sites than in N-limited
sites, suggesting that increased P availabilities in wetlands may be particularly
important in causing disappearance of threatened species in western Europe
(consistent with P limitation also limiting competitive dominants).
Virginia Botanical Associates. 2018. Digital Atlas of the Virginia Flora
(http://www.vaplantatlas.org). c/o Virginia Botanical Associates, Blacksburg.
P: Digital atlas of VA flora.
C: Use as reference for native/non-native status of plant species in VA.
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Wassen, M.J., Venterink, H.O., Lapshina, E.D.
and Tanneberger, F., 2005. Endangered
plants persist under phosphorus
limitation. Nature, 437(7058), p.547.
P: Looked at nutrient limitation across
Eurasia and co-occurrence of
endangered plant species (note that this
study is in terrestrial systems).
C: Found that many more endangered
plant species persist under
phosphorus-limited than under
nitrogen-limited conditions,
concluding that enhanced phosphorus
is more likely to be the cause of
species loss than nitrogen
enrichment. This is consistent with the
perspective that P limitation inhibits
competitive dominants in herbaceous
systems. They found that species
richness–productivity relationships
showed the classical “hump” pattern,
with highest species richness at
productivities of 200–600 gm-2 (low to intermediate). Also, the sites with intermediate tissue
N:P ratios (6–20) were on average the most species-rich.
Washington State Department of Ecology. 2002. Washington State Wetland Mitigation
Evaluation Study Phase 2: Evaluating Success. Washington State Department of Ecology
Publication #02-06-009. Olympia, WA.
P: Exhaustive review of Washington State mitigation sites.
C: Invasive species performance standards provided results that were inconsistent
with other standards, implicating a general lack of well-defined and realistic goals in
many of the projects reviewed.
Washington State Department of Ecology. 2006. Wetland Mitigation in Washington State – Part
2: Developing Mitigation Plans (Version 1). Washington State Department of Ecology
Publication #06-06-011b.Olympia, WA.
P: Exhaustive review of Washington State mitigation sites.
C: Invasive species standards for mitigation sites should be realistic and developed on
a site-by-site basis that considers existing conditions at or surrounding the site. Also,
“[s]etting unrealistically low standards will usually increase costs by requiring
extensive control efforts after the site is established.”
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Weakley, Alan S., J. Christopher Ludwig, John F. Townsend, and Bland Crowder. 2012. Flora of
Virginia. Fort Worth, Tex: Botanical Research Institute of Texas Press.
P: Flora of Virginia manual.
C: Source for VA plant nomenclature.
Weilhoefer, C.L., Williams, D., Nguyen, I., Jakstis, K. and Fischer, C., 2017. The effects of reed
canary grass (Phalaris arundinacea L.) on wetland habitat and arthropod community
composition in an urban freshwater wetland. Wetlands Ecology and Management, 25(2),
pp.159-175.
P: To determine the effect of RCG invasion on arthropod communities in freshwater wetlands
C: Arthropod communities decreased in diversity in the presence of RCG, likely due to
changes in habitat such as lower native plant species diversity. RCG was also found to alter
the physical environment by changing soil organic matter levels and moisture levels.
Wetzel, P.R. and Van Der Valk, A.G., 1998. Effects of nutrient and soil moisture on competition
between Carex stricta, Phalaris arundinacea, and Typha latifolia. Plant Ecology, 138(2),
pp.179-190.
P: To determine how varying moisture and nutrient levels effect the competition dynamics
between the native Carex stricta, and invasive species Phalaris arundinacea, and Typha
latifolia
C: RCG is a competitive dominant under all nutrient levels even when compared to Typha.
However, Typha and RCG both increase their biomass at a greater rate than C. stricta in high
nutrient conditions.
Williams, L.D. and Ahn, C., 2015. Plant community development as affected by initial planting
richness in created mesocosm wetlands. Ecological Engineering, 75, pp.33-40.
P: Mesocosm study evaluating the effect of initial planting richness (IPR) on diversity in
mitigation.
C: IPR was positively correlated with S and H’ and can be used to increase early
vegetation performance on mitigation sites.
Woo, I. and Zedler, J.B., 2002. Can nutrients alone shift a sedge meadow towards dominance by
the invasive Typha× glauca?. Wetlands, 22(3), pp.509-521.
P: To test nutrient-facilitated expansion in Typha x glauca in sedge meadows and in
greenhouse experiments in Wisconsin
C: Invasiveness in Typha is readily attributed to rapid uptake of nutrients, hybrid
vigor, and clonal habit. Light and space were also thought to be factors. Greenhouse
results suggest N+P interaction in stimulating growth and inducing expansion. Managers
should focus on reducing P inflows to urban wetlands.
Zedler, J.B., 2000. Progress in wetland restoration ecology. Trends in Ecology & Evolution, 15(10),
pp.402-407.
P: Review of wetland restoration progress.
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C: For general citation purposes.
Zedler, J.B. and Kercher, S. 2004. Causes and consequences of invasive plants in wetlands:
opportunities, opportunists, and outcomes. Critical Reviews in Plant Sciences, 23:431-452.
P: To review relevant literature on invasive species in wetlands including their effects, causes
of invasion, and individual specie’s alignment with hypotheses such as the Enemy Release
Hypothesis, Introgression Hypothesis (otherwise known as the Hybrid Vigor Hypothesis) and
others.
C: No single attribute explains the invasiveness of all plants, but many hypotheses apply to
individual species. Wetlands seem to be particularly susceptible to invasion due to their
topographic position, and the potential for invasive propagules to be introduced from
surrounding watersheds. Nutrient influx and disturbance from flooding,
sedimentation, pollution, erosion, and other sources also appear as potential factors in
invasion of wetland habitats. The consequences of these invasions are often severe, with
species diversity and ecosystem function reduced in invaded wetlands.
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