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A B S T R A C T

Submerged macrophyte habitats provide significant benefits to estuarine systems. In southeast Louisiana,
Myriophyllum spicatum L. (milfoil) and Ruppia maritima L. (widgeongrass) are dominant species existing across
fresh to brackish areas. Though frequently co-occurring across the range of salinity and light conditions, their
individual responses to changing environmental conditions from restoration, weather and climate may de-
termine overall species distribution, and biomass abundance. We compared milfoil and widgeongrass growth
(i.e., biomass increase) across a range of salinity and light, in monoculture (salinity: 0, 5, 10, 15, 20; light: high ˜
50% ambient; low ˜ 20% ambient), and in mixture (salinity: 0, 10, 20; light: high, low). In monoculture, milfoil
growth was reduced at high salinity (20) versus low salinity (0), while biomass allocation differed significantly
with greater allocation to shoots under high light, compared to low light. Widgeongrass was minimally affected
by salinity, with reduced stem densities at high salinity compared to low salinity. In mixture, both species under-
yielded compared to monoculture with milfoil reduced with high salinity and light, and low salinity and light;
widgeongrass under-yielded with low salinity and high light, and mid salinity (10) and low light. These dif-
ferences in species’ responses suggest that salinity and light contribute to the distribution of milfoil and wid-
geongrass, with higher salinities and light favoring widgeongrass growth, and lower light possibly decreasing
both species’ growth, and ultimately, distribution. With continued changes occurring and predicted from both
coastal restoration and climate change, understanding drivers of habitat forming species remains critical to
inform future landscapes.

1. Introduction

Environmental gradients act as species filters, restricting commu-
nity membership and defining habitats by creating selective environ-
ments that determine species distributions and biomass abundance
(Austin, 1985; Weiher and Keddy, 1995). Along these gradients, in-
terspecific interactions further shape communities (Keddy et al., 1998).
Within estuarine systems, strong abiotic gradients largely driven by
water clarity, nutrients, and salinity, often control species distributions
through species’ differential tolerances to environmental stressors
(Kemp et al., 2004; Borgnis and Boyer, 2016). These abiotic responses
may also be influenced by interspecific interactions, and their relative
importance may vary across the abiotic gradients (Bertness and
Shumway, 1993; Greiner La Peyre et al., 2001; Keddy, 1990). Man-
agement and restoration of estuarine communities, such as marshes and
submerged macrophyte habitats, depend on understanding the critical

drivers of key vegetation communities along these estuarine gradients.
Abundant and diverse submerged macrophyte communities exist

across estuarine salinity gradients (Cerco and Moore, 2001; Hillmann
et al., 2016; Shields and Moore, 2016). Species presence largely de-
pends on favorable light conditions in water, such that enough light
reaches the leaf area for photosynthesis and growth (Kemp et al., 2004;
Koch, 2001). While light availability controls submerged macrophyte
presence, community composition is often determined by both biotic
and abiotic factors, including competition, salinity, substrate type,
wave energy, inorganic carbon, and nutrients (Adair et al., 1994; Haller
et al., 1974; Kemp et al., 2004; McCreary, 1991). Interactions of many
of these biotic and abiotic variables have been shown to affect in-
dividual species differently, impacting growth rates, root to shoot ratio,
growth morphology, and stem densities, ultimately influencing overall
community composition and biomass abundance and distribution
(Doyle and Smart, 2001; Gustafsson and Bostrom, 2011; McCreary,

https://doi.org/10.1016/j.aquabot.2019.02.007
Received 26 October 2018; Received in revised form 19 February 2019; Accepted 25 February 2019

⁎ Corresponding author.
E-mail address: mlapeyre@agcenter.lsu.edu (M.K. La Peyre).

Aquatic Botany 155 (2019) 25–31

Available online 26 February 2019
0304-3770/ Published by Elsevier B.V.

T

http://www.sciencedirect.com/science/journal/03043770
https://www.elsevier.com/locate/aquabot
https://doi.org/10.1016/j.aquabot.2019.02.007
https://doi.org/10.1016/j.aquabot.2019.02.007
mailto:mlapeyre@agcenter.lsu.edu
https://doi.org/10.1016/j.aquabot.2019.02.007
http://crossmark.crossref.org/dialog/?doi=10.1016/j.aquabot.2019.02.007&domain=pdf


1991; Shields et al., 2011; Shields and Moore, 2016; Zhu et al., 2008).
Understanding the dominant factors controlling submerged macrophyte
communities, including individual species’ abundance and distribution,
provides critical information to inform models predicting changes in
habitat change and availability.

In estuaries in coastal Louisiana, environmental conditions are
strongly controlled by riverine flows, which are largely related to pre-
cipitation, and the introduction of higher salinity Gulf waters from
lunar tides, winds and storm events. The interaction of these influences
results in salinity and water clarity gradients that control submerged
macrophyte communities (Cho and Poirrier, 2005a; DeMarco et al.,
2018; Hillmann et al., 2016; Merino et al., 2009). Salinity and light
availability are predicted to change due to on-going and proposed re-
storation, river management, and climate change (e.g., Das et al., 2012;
Wang et al., 2016). Proposed river diversions, which divert fresh riv-
erwater and sediment into upper estuaries, may result in lowered sali-
nity and increased turbidity across the estuarine gradient. Similarly,
changes in precipitation patterns and storm events may alter the sali-
nity gradient and impact water clarity within the estuaries. While a
number of models predict changes to these environmental conditions,
we still lack data to understand how submerged macrophyte species
may respond, and the impacts on species distribution and availability of
habitat.

Myriophyllum spicatum (Eurasian watermilfoil; hereinafter milfoil)
and Ruppia maritima (widgeongrass) are ubiquitous and commonly co-
occuring species dominating the submerged macrophyte communities
from fresh to brackish estuarine waters in this region (Carter et al.,
2009; Hillmann et al., 2016; Merino et al., 2009). Despite their common
co-occurrence and overlapping ranges, these species are documented to
have relatively different tolerances to key drivers, particularly salinity
and light availability. For example, milfoil, a non-native, nuisance
species, is described as a salt-tolerant freshwater species, adapted to
low-light environments (Haller et al., 1974). Milfoil is generally re-
ported as thriving in lower salinities, ranging from 0 to 10. A
2013–2015 survey of the northern Gulf of Mexico documented milfoil
in areas with salinity ranging from 0 to 9.9, and across the range of
photosynthically active radiation (PAR) recorded below surface waters
(2.5–992.6 μmol m−2 s-1; Hillmann et al., 2017). In contrast, wid-
geongrass is considered native and pervasive in aquatic environments
in this region, and has been found in salinities from 0 to well over 50
(Kantrud, 1991). Within estuarine environments, widgeongrass has
been reported to be limited by light availability, wave exposure and
salinity variability (Adair et al., 1994; Bonis et al., 1993; Strazisar et al.,
2015; Verhoeven, 1979), as well as by interspecific competition (Pulich
and White, 1991; Verhoeven, 1979). Recent surveys in Barataria Basin,
Louisiana found widgeongrass thriving in areas with salinity ranging
from essentially 0 to 13 (Hillmann et al., 2017), and coastwide (Texas
to Alabama) from essentially 0 to 24.1 (La Peyre et al., 2017). Under-
standing the interactions of co-occuring species along abiotic gradients
enables better prediction of shifting submerged macrophyte habitats.

The response of milfoil and widgeongrass, representing over 50% of
the estuarine submerged macrophyte community in this region (La
Peyre et al., 2017), to changes in abiotic (salinity, light availability)
gradients, alone and in mixture, may critically determine the avail-
ability and distribution of submerged macrophyte habitat in future
landscapes in this region. This study examines the effects of competition
on milfoil and widgeongrass on growth (i.e., biomass increase) in
varying conditions of salinity and light. Specifically, this research ex-
amines: a) what effect will different salinity and light regimes have on
milfoil and widgeongrass growing separately in monoculture, and b)
how will the different treatments affect species interactions when plants
are grown in mixture? This research provides critical information ne-
cessary to understand how submerged macrophyte habitat may shift
over time across this landscape.

2. Methods

This experiment was conducted in an indoor greenhouse located at
Louisiana State University Agricultural Center during the summer/fall
of 2016. A factorial experiment of salinity (parts per thousand: 0, 5, 10,
15, 20), light intensity (50% ambient light, 20% ambient light), and
species (milfoil, widgeongrass) in monoculture, and in mixture (at
salinity of 0, 10, 20 and both light treatments), was used for a total of
26 treatment combinations. Each treatment combination was replicated
three times for a total of 78 experimental units (pots; 10.0 cm dia-
meter), which were placed into plastic, translucent tanks
(0.7m×0.35m×0.4m) in a completely randomized design.
Specifically, the 78 experimental units (pots) were distributed among
30 tanks. Tanks were randomly assigned a salinity by light treatment
and each treatment was replicated in 3 tanks. Three pots, each con-
taining a single or multiple-species mixture (1 milfoil, 1 widgeongrass,
1 mixture) were placed in individual tanks, maintained at 0, 10, or 20
salinity (3 salinity treatments × 2 light treatments × 3 replicates= 18
tanks). Furthermore, two single species pots (1 milfoil, 1 widgeongrass)
were placed in each of the 12 tanks with 5 and 15 salinity (2 salinity
treatments × 2 light treatments × 3 replicates= 12 tanks).

Milfoil plants were collected in water depths of approximately 0.5m
from Fucich Bayou, LA, USA (29.504806, -89.668214; 1.0 salinity) and
widgeongrass plants were collected in water depths of approximately
0.35m from the northern shore of Lake Pontchartrain, Louisiana, USA,
(30.261215, -89.956350; 3.0 salinity) on August 7 and 8, 2016.
Sediment was also collected at both locations for use in the experiment.
Plants and sediment were brought back to the Louisiana State
University greenhouses in covered bins. Equal amounts of sediment
from both sites were combined, homogenized and each pot was filled
with approximately 450ml of mixed sediment. One individual from a
single species was planted in each monoculture pot and one individual
of each species was planted in each mixture pot. For each species, one
main shoot was placed in the required pots. Overall, for milfoil, a mean
stem length of 8.20 cm ± 0.49 (mean ± SE), and stem density of
1.0 ± 0.0 were used. This stem density reflected stem densities re-
corded in field surveys (20 stems m−2; unpubl. data). For widgeon-
grass, a mean stem length of 11.81 cm ± 0.21 (mean SE), and stem
density of 8.95 ± 0.95 were used. This stem density reflected stem
densities recorded in field surveys (180 stems m−2; unpubl. results). A
subset of 10 plants from each species was sampled and used to de-
termine initial mean dry weight values (grams dry weight; g dw) as
described below for dry weights (milfoil: 0.13 ± 0.03 g dw; widgeon-
grass: 0.07 ± 0.01 g dw).

After planting, the pots were randomly placed into tanks which
were filled with tap water adjusted to a salinity of 10 using Instant
Ocean Sea Salt (Instant Ocean, St. Blacksburg, VA), and to water tem-
peratures controlled by ambient outdoor air temperature (range:
30–32 °C) as the greenhouses were not climate controlled. These water
temperatures are reflective of local shallow water temperatures from
where the species were collected. Pots were acclimated for 7 days prior
to commencing the experiments. Starting on August 14, 2016, salinity
was adjusted at a rate of 3 every 3 days until the target salinities were
reached for each treatment. Treatments were randomly assigned to
tanks prior to adjustments. Water levels were maintained at 3 cm below
the top of the tank, approximately 15 cm above the top of the pot.
Experiments were initiated on August 26, 2016 and run for 8 weeks.
The greenhouse was constructed of glass panels and the light source
used in this experiment was natural light coming through the glass
panels of the greenhouse. Light intensity (photosynthetically active
radiation, PAR; μmol m−2 s-1) was monitored weekly throughout the
experiment using a light intensity meter (LI-1400 LI-COR, NE). We
measured ambient light in the greenhouse (ambient) and light under
the water surface (˜5 cm below surface) in the experimental tanks. A
neutral density (50% light reduction) shade cloth was placed over the
top of the low light treatment tanks. The low light treatment tanks
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maintained ˜20% ambient light throughout the experiment. No shade
cloths were used on the high light treatment tanks, which maintained
˜50% ambient light conditions. The 50% ambient light condition for
high light was due to attenuation from the greenhouse. On the first day
of the experiment, all stem lengths (cm), and stem densities (#) were
measured for each pot and recorded. Throughout the experiment,
salinity, temperature (°C), and dissolved oxygen (mg L-1) were mon-
itored every 3 days using a handheld YSI 6000 (Yellow Springs
Instrument, Inc.). Salinity and water levels were adjusted as needed to
maintain treatment target values.

At the end of the experiment, all plant material was harvested and
brought to the lab for measurements of stem length, stem density, and
aboveground and belowground biomass. Biomass was determined by
drying the plants at 60⁰C until a constant weight was obtained (g dw).
Total growth rate was based on dry weights of total biomass (above-
ground biomass+ belowground biomass). The average initial dry
weight values calculated for each species were subtracted from final dry
weight values and divided by the number of days in the experiment (g
dw day−1). Root to shoot ratio was determined by dividing the be-
lowground biomass (g) by the aboveground biomass (g). Stem length
growth rate was determined by subtracting initial stem lengths from
final stem lengths and dividing by the number of days in the experiment
(cm day−1). Stem density was determined at the end of the experiment
by visually counting the number of vertical stems ascending from roots.

Interaction between species was analyzed by calculating relative
yielding; relative yield totals were used to determine species com-
plementarity (an overall increase in productivity of bi-cultures com-
pared to monocultures; Hooper, 1998; Shields and Moore, 2016). Re-
lative yielding was determined by first calculating the expected mean of
the total growth rate for each species in monoculture across all treat-
ments and treatment combinations. Next, the total growth rate of each
species in mixture was calculated and this value was divided by the
expected mean in monoculture, resulting in a ratio of yielding in
monoculture versus bi-culture. Over-yielding occurs when a species’
relative yielding> 1; under-yielding occurs when relative yielding< 1
(Shields and Moore, 2016). When relative yield totals> 1, species are
considered complementary as long as each species has an individual
relative yielding> 1 (Gustafsson and Bostrom, 2011; Shields and
Moore, 2016).

For all tests a significance value of p < 0.05 was used. Data were
tested for assumptions of normality (Shapiro–Wilk test statistic) and
homogeneity of variance, and transformations applied as needed.
Analyses of variance (ANOVA) was run for both species separately in
monoculture for total growth rate (i.e., biomass increase, g dw day−1),
root to shoot ratio (g g−1), stem density, and stem length growth rate
(cm day−1), with salinity and light as fixed factors, and tank as a
random effect. Tukey’s HSD tests were run when significant differences
were found. Two-sample t-tests were run on total growth rate means of
species in mixture and monoculture to determine whether species re-
lative yielding and relative yield totals differed significantly from 1. All
data analyses were performed in SAS 9.4 (SAS Institute Inc., 2013).
Mean and standard error are reported unless indicated otherwise.

3. Results

3.1. Environmental conditions

Salinity treatments remained consistent with target salinities. Mean
measured ambient light inside the greenhouse throughout the experi-
ment was 731.6 ± 132.0 μmol m−2 s-1. Mean high light in the ex-
perimental tanks was 353.6 ± 124.2 μmol m−2 s-1 (˜50% of ambient
light) and mean low light was 150.0 ± 47.4 μmol m−2 s-1 (˜20% of
ambient light; Table 1). Mean temperature did not differ among tanks,
or days of the experiment (31.7 ± 0.10⁰C).

3.2. Individual species response in monocultures

Salinity and light significantly affected milfoil growth, with no
significant interactive effects (Fig. 1, Table 2). Total growth rate was
greater at a salinity of 0, compared to all other salinities which did not
differ. Milfoil stem density and stem length growth rate were also
greater at a salinity of 0, but only compared to higher salinities of 15
and 20. Total growth rate and root to shoot ratio were significantly
greater under the high light as compared to the low light treatment.

Widgeongrass growth was not affected by light, or the interaction of
light and salinity (Table 2). Salinity had a significant impact on wid-
geongrass stem density, with greater stem density at 0 compared to 20.
Neither light, nor the interaction of salinity and light had a significant
effect on widgeongrass growth.

3.3. Relative yield

Under conditions of high light, milfoil under-yielded at high salinity
(20), while widgeongrass under-yielded at low and mid salinity (0, 10;
Fig. 2). Under conditions of low light, milfoil under yielded at low and
mid salinity (0, 10), while widgeongrass also under-yielded at mid-
salinity (10). In both high and low light, overall relative yield totals did
not differ significantly from 1, and never had all relative yields> 1,
suggesting no complementarity.

4. Discussion

Both species displayed a wide tolerance to the tested salinity and
light conditions supporting their ubiquitous presence across the fresh to
brackish estuarine gradient. Differences in milfoil and widgeongrass
response to both salinity and light however suggest impacts to species
biomass, abundance and distribution across the estuarine gradient with
changing conditions. Specifically, while widgeongrass growth (bio-
mass) in monoculture was not significantly affected by salinity or light
conditions, milfoil growth (biomass) in monoculture was significantly
reduced with increasing salinity and reduced light conditions. Overall
species performance of both species in mixture was similar to that in
monoculture suggesting that the abiotic gradients of salinity and light
are more important in controlling these species’ distributions in this
estuarine setting.

Both salinity and light had significant impacts on milfoil growth and
biomass allocation, suggesting this species’ distribution will be limited
by increased salinities, while adapting to some extent to lower light
through changes in biomass allocation. Specifically, milfoil growth
decreased as salinity increased, however allocation, as measured by
root to shoot ratio, was impacted by light availability. Reduced light
availability resulted in changes in biomass allocation with more in-
vestment in aboveground biomass under low light conditions. This root
to shoot ratio difference was detected at 20% ambient light
(˜150 μmol m−2 s-1) although past studies have shown milfoil growing
in 1–2% ambient light (˜< 10 μmol m−2 s-1; Grace and Wetzel, 1978),
which matches observations from Louisiana where milfoil grew in
2.52–992.6 μmol m−2 s-1 (Hillmann et al., 2017). Understanding bio-
mass allocation in milfoil along light gradients provides insight into
how this species adapts to changing conditions, and how milfoil may
respond to periods or conditions of low light. These results are con-
sistent with other studies that show high milfoil abundance in low light
(Zhu et al., 2008), suggesting an advantage over other species in turbid
waters, such as within disturbed and changing coasts, and deltaic en-
vironments.

Salinity and light are often highlighted as the two dominant abiotic
factors restricting widgeongrass growth (Adair et al., 1994; Bonis et al.,
1993; Moore et al., 2014; Pulich, 1985; Strazisar et al., 2015;
Verhoeven, 1979) despite the species tolerance to a wide range of both
factors (Kantrud, 1991). Recent surveys along the northern Gulf of
Mexico found widgeongrass growing across the salinity gradient and
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was one of only a few species in brackish and saline areas (Hillmann
et al., 2016). In this greenhouse study, widgeongrass was minimally
affected by either salinity or light. The salinity and light range tested
were well within the reported range for wideongrass (Kantrud, 1991;

Kemp et al., 2004). Widgeongrass however may be more affected by
variation, or extremes of controlling abiotic factors. For example, pulses
of freshwater have previously been shown to decrease widgeongrass
growth rates (La Peyre and Rowe, 2003).

Table 1
Recorded environmental conditions. All values reported as means ± SE. Ambient light represents atmospheric light measured inside greenhouse; high light
represents light just below surface water in tanks (5 cm) with no shade cloth; low light represents light just below surface water (5 cm) in tanks with shade
cloth.

Salinity

0 5 10 15 20

Salinity 0.91± 0.21 5.21± 0.06 10.14± 0.08 15.09± 0.09 19.86±0.23
DO (mg L−1) 7.57± 0.263 6.51± 0.19 6.14± 0.17 5.48±0.12 5.20± 0.12
temperature (oC) 31.6± 0.23 31.57± 0.22 31.85± 0.23 31.73± 0.23 31.74±0.23

Light

ambient high low

PAR (μmol m−2 s-1) 731.6± 132.0 353.6± 124.2 150.0±47.4

Fig. 1. Total growth rate (TGR; g dw day−1), root to shoot ratio (RSR; g g−1), stem length growth rate (SLGR; cm day−1) and stem density (# m-2) of Eurasian milfoil
(left panels A, C, E, G) and widgeongrass (right panels B, D, F, H) in monoculture across all salinity (0, 5, 10, 15, 20) and light treatments (high light: light grey ˜ 50%
ambient; low light; dark grey ˜20% ambient). Values are means± 1 SE, n= 3. Significant differences are indicated in Table 2.
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Studies examining widgeongrass and light have yielded inconsistent
results, with widgeongrass at times performing better with high light
(Cho and Poirrier, 2005a), but also tolerating frequent periods of in-
creased turbidity (Kantrud, 1991). In this study, we targeted the ob-
served average high (353.58 ± 124.21 μmol m−2 s-1) and low light
(149.99 ± 47.41 μmol m−2 s-1) conditions previously recorded at
submerged macrophyte bed water bottoms for this area, but did not
capture the high and low ends of the observed range (range:
2.52–992.6 μmol m−2 s-1; unpubl. results). Past field studies found
differences in growth rates when the lower and higher limits of light
availability were tested (Kemp et al., 2004). It may be that variation or
extremes of abiotic factors are more important in controlling wid-
geongrass.

Along abiotic gradients, interspecific interactions may also alter
outcomes. In this study, under high light conditions, widgeongrass
under-yielded at low salinities (0, 10) while milfoil under-yielded at the
high salinity (20), suggesting potential competitive effects that may be
driven by salinity, when light is not limiting. In contrast, under low
light conditions, significant effects were found only at low salinities,
with both species significantly under-yielding at the mid-salinity (10)
treatment. Density-dependent impacts related to the initial experi-
mental design may be why no species significantly over-yielded (Roush
et al., 1989). Specifically, this study examined competition at densities
of 20 stems m−2 (milfoil) and 180 stems m−2 (widgeongrass), which is
typical within these habitats. At the species and assemblage level, some
research has shown a negative correlation between submerged macro-
phyte stem density and growth and biomass allocation of co-occurring
species (Wolfer and Straile, 2004). While these findings were generated

in a study using higher initial stem densities than this study, the sug-
gestion is that initial low starting densities may result in a failure to
reach density thresholds necessary to expose negative density depen-
dent relationships between plant species. In our study the initial
starting density for both species were within the reported range ob-
served across the salinity gradient for these species. However, wid-
geongrass can reach stem densities that far exceed the initial conditions
of this study (Kantrud, 1991), and therefore it was difficult to identify a
critical density threshold. Future studies may want to consider using
multiple starting densities.

Greenhouse competition experiments examine only interactions
between already established plants. In interpreting these results and
extrapolating to the field, it is important to understand how the in-
dividual species spread and establish. For example, past studies suggest
that milfoil thrives through its ability to spread easily through frag-
mentation (Smith et al., 1991; Zhu and Georgian, 2014). Its competitive
ability appears linked to dispersal method, biomass allocation and
timing of recruitment into communities (Smith et al., 1991). Within
established beds of native submerged macrophytes, milfoil production
is often depressed, failing to outcompete existing species (Madsen et al.,
1995). Widgeongrass expansion has been hypothesized to be a result of
its ability to tolerate broad salinity and light gradients and its ability to
colonize rapidly through sexual and asexual reproduction (Cho and
Poirrier, 2005b; Cho et al., 2009; Johnson et al., 2003; Strazisar et al.,
2015). For example, in high salinity areas with frequent disturbances,
widgeongrass has replaced seagrass species such as Thalassia testu-
dinum, Halodule wrightii, Syringodium filiforme and Zostera marina (Cho
et al., 2009; Johnson et al., 2003). One study in southeast Louisiana

Table 2
Two-way ANOVA was used to test the effects of salinity and light, and the interaction of salinity and light on Eurasian milfoil and widgeongrass total growth rate (g
dw day−1), root to shoot ratio (g g−1), stem density (# m-2) and stem length growth rate (cm day−1) for each species in monoculture. For each test a significance
value of p= 0.05 was used. Significant results (p < 0.05) are bolded below.

Total Growth Rate Root to Shoot Ratio Stem Density Stem Length Growth Rate

DF F p F p F p F p

Eurasian milfoil
light 1 4.44 0.048 7.33 0.0139 0.11 0.7439 3.47 0.0774
salinity 4 22.57 <0.0001 1.51 0.2372 5.01 0.0053 15.55 <0.0001
salinity * light 4 1.68 0.1947 1.64 0.2028 0.75 0.5696 0.94 0.4604
Residual 20
widgeongrass
light 1 0.93 0.3464 1.77 0.1982 0 0.9871 0.94 0.3439
salinity 4 0.99 0.4359 1.57 0.2213 3.34 0.0163 1.02 0.4227
salinity * light 4 1.68 0.193 1.1 0.3839 0.69 0.6067 1.05 0.4049
Residual 20

Fig. 2. Relative yield calculated based on total
growth rate (TGR; g dw day−1) for Eurasian
milfoil and widgeongrass for three salinity (0,
10, 20) and light (high, low) treatment combi-
nations. High light treatment on left panel, low
light treatment on right panel. Values are
means±1 SE, n=3. A line is drawn across a
relative yield of 1 which represents species
performing equally well in mixture compared
with monoculture. Stars indicate significant
under (< 1) yielding (Student’s t-test;
p < 0.05).
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documented rapid increases in widgeongrass during periods of La Niña,
which bring higher salinity and water clarity (Cho and Poirrier, 2005b).
Under the conditions tested, milfoil growth was reduced by the pre-
sence of widgeongrass, but only at high salinity (20) and high light, and
low salinity (0, 10) and low light. Although this work does not address
dispersal and recruitment, a reasonable conclusion from the data would
suggest that environmental changes resulting in increasing salinity and
light may favor widgeongrass over milfoil, while conditions of de-
creasing light availability might ultimately reduce growth of both
species.

Differences in species responses to both salinity and light suggest
that these two factors contribute significantly to the distribution of
milfoil and widgeongrass. With continued changes in estuarine condi-
tions of salinity and light across coastal Louisiana (Das et al., 2012;
Wang et al., 2016) due to climate change, human disturbance and re-
storation activities, changes in submerged macrophyte habitat avail-
ability and species composition are likely to occur. In particular, two
dominant species, milfoil and widgeongrass, may be differentially im-
pacted by these changing abiotic conditions, with higher salinities and
light favoring widgeongrass growth, and lower light levels possibly
decreasing both species’ growth, and ultimately, distribution. De-
creased submerged macrophyte habitat affects faunal species (i.e. wa-
terfowl, fish, invertebrates) by reducing habitat complexity, reducing
refuge areas and food resources (Bortolus et al., 1998; Kanouse et al.,
2006; La Peyre and Gordon, 2012; Poirrier et al., 2009; Valinoti et al.,
2011; Wicker and Endres, 1995). Understanding the critical environ-
mental drivers of submerged macrophytes provides for better estima-
tions of changing submerged macrophyte biomass abundances and
distribution.
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