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Biological invasions are a growing global problem and
tightly linked to the future well-being of humanity and
the ecosystem health of our planet. The Milennium
Ecosystem Assessment identified invasive species as one
of five key factors directly affecting global biodiversity
and ecosystem services (UNEP, 2006). The vexing
problem of species invasions poses both basic and applied
opportunities for ecologists. Thus, studies of invasion
ecology have both advanced our understanding of multi-
ple fundamental questions in ecology and evolutionary
biology, and contributed to the management of biological
invasions.

Coastal wetlands, which have the greatest ecosystem
services per unit area of any ecosystem type (Costanza
et al,, 1997), are not immune to the challenge of invasive
species (Gedan et al., 2009). Spartina alterniflora, native to
the East and Gulf Coasts of North America, exemplifies
these threats: it has spread to coastal and estuarine
wetlands globally, causing considerable ecological and
economic damage (Strong & Ayres, 2013). S. altemiflora
was intentionally introduced to China in 1979 from three
U.5. states (North Carolina, Georgia, and Florida) to

promote sedimentation, control soil erosion, and protect
embankments (Li et al., 2009). Over four decades, it spread
to become the most dominant salt marsh plant along
China's 18,000-km coastline (Figure 1), currently account-
ing for more than 60% of salt marsh area in China
(Li et al, 2022). The widespread, well-documented and
rapid invasion of 5. altermiflora along the coast of China
provides unique opportunities for studying the causes and
consequences of plant invasions. This collection brings
together 15 studies published in ESA journals that provide
general insights into the ecology of 5. alterniflora invasions
in China and identifies avenues for future research on
invasion biology. These studies consider the invasive
effects on biodiversity and ecosystem functioning, the
pre-adaptation and phenotypic plasticity of plant traits in
response to environmental changes, the effects of human
and native biotic factors on invasiveness of S. alterniflora,
and the invasibility of native communities.

Spartina alterniflora is a poignant example of an inva-
sive plant, both because of its rapid and extensive spread,
and because of the harm done to native ecosystems and
human economies (Li et al, 2009; Lin et al., 2016).
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FIGURE 1 Spanina alterniflora is already the most dominant plant in China's coastal wetlands. Here it is seen sweeping through the

mudflats and salt marshes of the Yellow River Delta (credit: Qiang He).

S. alterniflora has reduced biodiversity in China's coast by
displacing native salt marsh plants, encroaching into man-
grove gaps, and transforming mudflat habitats into salt
marshes (Li et al., 2022; Zhang et al., 2012). S. alterniflora
has homogenized soil communities (Zhang et al., 2019),
has a higher leaf litter decomposition rate than the native
Phragmites australis across a range of latitude (Cheng
et al, 2022), and has driven losses in habitat and food
resources of migratory birds (Gan et al., 2010). Its spread
has destroyed aquaculture industries that were based on
farming mudflat spedies such as razor clams.

In order to spread widely across latitude, invasive plant
species need to match their phenotype to a wide range of
abiotic conditions. This can occur through multiple intro-
ductions from a range of source populations or through a
single introduction followed by phenotypic plasticity or
rapid evolution. In a 4-year field survey, Chen et al (2021)
found a high degree of plasticity in flowering phenology of
S. alterniflora, with plants flowering later at mid-latitnde
sites with intermediate temperatures and wide tidal ranges.
Consistent with life-history theory, plants flowered later
under conditions favoring vigorous growth. Selection for

earlier flowering associated with limited growth periods
of plants at high and low latitudes suggests that
S. alterniflora has already colonized much of the
geographic range favorable to it on the east coast of Asia.
To understand variation of plant traits with latitude,
Liu et al (2017) used common gardens at low, medium,
and high latitudes to study S. alterniflora populations col-
lected from 10 sites along China's east coast. There was
no evidence for genetic variation in vegetative growth
with latitude, which indicates great plasticity in vegeta-
tive growth. However, there was evidence for genetically
based latitudinal clines in sexual reproduction, especially
in common gardens located at high latitudes, indicating a
provenance-by-environment interaction. Therefore, the
rapid spread and high performance of 5 alierniflora in
China were likely due to pre-adaptation and phenotypic
plasticity, followed by rapid evolution.

A variety of other mechanisms further mediate
the spread and impact of 8 altemiflora. Coastal wetlands
are characterized by variable physical environments,
intense biotic interactions, and strong anthropogenic
impacts—each of which can confribute to invasion
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success. Li et al. (2014) found that propagule pressure,
competition, disturbance, and herbivory could jointly
mediate the dynamics of mangroves being invaded by
S alterniflora. The combination of competition and
herbivory eliminated 5. alterniflora from intact man-
groves. In the presence of disturbances, however,
S. alterniflora survived in mangrove gaps and intertidal
mudflats, inhibiting mangrove recruitment to these
areas. Further work showed that grazing by native
herbivores enhanced the resistance of mangrove forests
to S. altemiflora invasion in southern China (Zhang
et al., 2018). Similarly, Ning et al. (2019) found that dis-
turbance caused by human ditching created windows of
opportunity for 5. alterniflora invasion in northern
China, but that native herbivores enhanced the resis-
tance of salt marshes to S alterniflora invasion.
These studies suggest that, although superior competi-
tive ability is an important factor promoting plant inva-
sions, a variety of ecological interactions can mediate
invasiveness of exotic plants in specific environments.

Anthropogenic eutrophication often accelerates plant
invasions, because invasive plants are generally more
efficient in utilizing nutrients than are native plants
(Liao et al., 2008). Many estuarine wetlands in China
receive high nutrient loads from adjacent agriculture
and aquaculture and incomplete sewage treatment. Xu
et al. (2020) found that human-mediated eutrophication
was the major factor driving geographic variation in pro-
ductivity of invasive 5 alterniflora salt marshes, chal-
lenging classic patterns in which geographic productivity
patterns are primarily controlled by temperature
(Kirwan et al., 2009). In China, eutrophication will likely
continue to increase, and is likely to aggravate the inva-
sion of 5. altemiflora. In a long-term field experiment
(Spartina Invasion and Nitrogen Enrichment [SINE]
experiment) in the Yangtze estuary, one of the most
eutrophic estuaries in China, researchers from Fudan
University found that the light use plasticity of
8. alterniflora was enhanced under N enrichment, which
facilitated the coexistence of conspecifics of varying
sizes, thereby increasing growth and invasiveness of
S. altemiflora by alleviating intraspecific competition
(Xu, Zhou, et al., 2022). In addition, the negative effects
of herbivory under ambient N were shified to positive
effects under N enrichment, with herbivory stimulating
complementary increases in density and aboveground
biomass (Xu, Zhang, et al.,, 2022).

Because coastal wetlands occur at the edges of land
and ocean, soils in coastal wetlands can vary in salinity
from fresh to highly saline. This variation in soil salinity
is a key factor affecting plant competition. 5. altemiflora
is more tolerant of salt siress than is native P. australis in
China (Tang et al, 2014). As a result, S. alterniflora

not only out-competed the native plants, but also spread
to areas that were unsuitable for most native
plants. P. australis, which has a narrow salinity niche,
persisted only in low-salinity habitats. Tang et al. (2018)
further found that the nature of competition between
S. alterniflora and P. australis changed along the salinity
gradient. As salt stress increased, the dominant driver of
the growth of native P. australis shifted from competition
to stress, whereas competition was always important for
the growth of the salt-tolerant invader. Zhang et al.
(2012) found that 5. alterniflora could gradually replace
mangroves in intermediate salinity regions of Chinese
southern estuaries. However, S. alterniflora was signifi-
cantly inhibited by salt barrens in high marsh areas (Qi
et al., 2017). The general lesson here is that, even for a
highly tolerant and plastic invader, there are limits to
habitat suitability, and competition with natives may play
out differently depending on habitat type and abiotic
tolerances of different native species.

Together, these recent studies of the 5 altemmiflora
invasion in China serve as a model providing insights for
future research in invasion ecology. Invasion ecology has
shifted from describing patterns to exploring mechanisms,
and so requires a mechanistic understanding of vegetation
dynamics, biotic interactions, and environmental adapta-
tions related to plant invasions. Because of their ability to
adapt quickly to novel environments, widespread invasive
plants are ideal subjects for ecological and evolutionary
sidies. The adaptive responses of invasive plants to novel
environments are associated with corresponding changes
at the genomic, transcriptome, and metabolome levels;
however, these molecular-level regulatory mechanisms
and their associations with plant traits and biotic interac-
tions remain under-explored (Mounger et al, 2021)
Meanwhile, S. alterniflora invasion can change arthropod
assemblages and trophic interactions, but these changes
could be reversed by the restoration of the native
P. australis following removal of the invader (Jiang
et al., 2022). It is not clear whether the restoration of
native plants can achieve the restoration of the original
biota and ecosystem functions. Finally, the lessons
learned from the case of S. alterniflora invasions in
China provide a sharp warning regarding the risks of
future coastal invaders, given that other risky exotic
plants (e.g., the exotic mangroves Sonneratia apetala
and Laguncularia racemosa) are being used in wetland
afforestation projects in China. More broadly, plant
invasions are globally ongoing and ubiquitous. This case
study with Sparfina illusirates how comprehensive stud-
ies of plant invasions with other species in other geo-
graphic regions have the potential to richly inform both
basic ecological and evolutionary science, and manage-
ment and conservation strategies.
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