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ABSTRACT: Salvinia molesta Mitchell, a floating invasive aquatic plant, is one of the top 10 worst invasive aquatic weeds
in the world. It was discovered in the lower Pascagoula River in 2005 and evidence suggests that this non-native species
is spreading along the northern Gulf of Mexico. These plants exhibit rapid growth and nutrient uptake rates, allowing
them to out compete other plants in similar habitats. Distributional observations suggest that non-native S. molesta is able
fo survive in salinities of up to 7 ppt in the lower Pascagoula River. The response of S. molesta to three salinity levels (O,
5, 10 ppt) was tested using chlorophyll fluorescence. The health of the plants was measured over a period of one month,
using a log scale series of observation intensities (hourly, daily, weekly). Plant responses indicated an acute salinity effect
after about 4-6 hrs and then a gradual chronic decline. Compared to initial measurements, the final actual quantum yield
(AF/Fm’) dropped by 5%, 6% and 29%, while the final potential quantum yield (Fv/Fm) dropped 6%, 27% and 39% in
the O, 5, and 10 ppt treatments, respectively. Only plants in the O ppt freatment showed significant new growth. Plants in
5 ppt appeared to maintain themselves, but plants at 10 ppt all exhibited signs of severe stress and loss of color, turgor,
and tissue viability after 10 d. Tolerance to brackish salinities has been reported in the past, and has implications for the

use of the biological control agent, the weevil Cyrtobagous salviniae, that can only tolerate freshwater conditions.

INTRODUCTION

Aquatic plants can be grouped into three types: emer-
gent, floating, and submerged (Pieterse and Murphy 1993),
with some of the most successful invasive aquatic plants be-
ing in the floating group (e.g., Eichhornia crassipes and Sal
vinia molesta). These plants exhibit rapid growth rates, rapid
nutrient uptake rates, are aggressive, and are competitive
species that can impact aquatic environments, local econo-
mies, and human health (Holm et al. 1977). The impact of
these species on a freshwater body is dramatically illustrated
by S. molesta, one of the top 10 worst non-native invasive
aquatic weeds in the world (Room and Julien 1995, Car-
ley and Brown 2006). Salvinia molesta has become a world-
wide problem, with invasions into freshwater bodies in
most tropical countries, and was introduced into the Unit-
ed States in 1995 (Julien and Tipping 2002, USGS 2005).

Salvinia molesta has a doubling time of 46 d (Mitch-
ell and Tur 1975) and was found in the lower Pascagoula
River in 2005 (MS DMR 2005). Evidence reported in
McFarland et al. (2004) suggests that this non-native spe-
cies is spreading into the northern Gulf of Mexico (GOM).
In Alabama and Mississippi, there are many suitable habi-
tats for native and non-native invasive aquatic plants;
there are four river drainage systems along the 121 km
(75 mile) coastline of the state of Mississippi alone. The
largest of these is the Pascagoula River, which holds the
distinction of being the longest un-dammed, natural river
remaining in the continental USA and provides habitat for
numerous important and endangered salt marsh species
(Schueler 2002). Much of this river system remains rela-

tively unimpacted by development, except for the very lower
reaches between the towns of Gautier and Pascagoula, MS.

Distributional observations during an outbreak in 2005
by personnel with the Mississippi Department of Marine
Resources (DMR) suggest that non-native S. molesta was able
to survive in salinities of up to 7 parts per thousand (ppt)
in the lower Pascagoula River; a similar tolerance has been
reported earlier by Divakaran et al. (1980) from growth tests
conducted on salinities of O to 11 ppt. This has implica-
tions for the use of the biological control agent Cyrtobagous
salviniae on this infestation, as this weevil can only tolerate
freshwater conditions (Thomas and Room 1986, Julien et al.
2002). Thisobservationisdistressingin tworespects: (1) poten-
tial for a portion of the non-native S. molesta population in the
Pascagoula River to escape biological control; and (2) a more
salinity-tolerant variety of this species could easily spread into
similar habitats that abound along the GOM and elsewhere.

Pulse amplitude modulated (PAM) fluorescence is a
tool to measure photophysiological processes in vivo. While
it cannot be used to directly measure the mechanisms of
osmoregulation, it has been used successfully to demon-
strate the physiological stress resulting from salinity change
in a number of aquatic plant species (Ralph 1998, Kamer-
mans et al. 1999, Murphy et al. 2003, Biber 2006). PAM
fluorescence has been used in submerged aquatic plants
to measure acute stress, such as desiccation (Adams and
Bates 1994, Bjork et al. 1999), temperature or salinity shifts
(Ralph et al. 1998, Ralph 1999), and even changes in ambi-
ent light over short time durations (Beer and Bjork 2000,
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Major and Dunton 2002). However, this technique has not
been evaluated in floating aquatic plants subject to salin-
ity stress, and at the time of the early S. molesta research
in the 1970-80s this tool was not available. This study aims
to determine both the efficacy of using a PAM fluorometer
on this invasive aquatic plant, as well as to confirm earlier
work of Divakaran et al. (1980) on the salinity tolerance of
this species. Specifically, the aim of this study was to test
the ability of giant salvinia (S. molesta) to tolerate salinities
of 5 and 10 ppt using the PAM fluorescence technique.

MATERIALS AND METHODS

The responses of non-native S. molesta plants (about 7
g dry weight) collected from the Pascagoula River delta
(30°25.523' N, 88°34.640° W) were tested in three salin-
ity levels (0, 5, 10 ppt). Plants recovered from field col-
lecting and transport for 10 d prior to starting the ex-
periment by being held in freshwater with adequate
light; by this time plants were producing new leaves.

For each salinity level, a glass aquarium was placed un-
der a 60W grow-light and a bank of fluorescent lamps (min
250 pE m? s! PFFD) on a 12:12 hour cycle, in a growth
chamber. Temperature was recorded in the O ppt and 10
ppt treatments every 15 min for the duration of the experi-
ment by Hobo Tidbit recorders. Salinities were achieved by
mixing de-ionized (DI) water with GF/F filtered (0.7pm)
estuarine water of 20 ppt salinity. Water was charcoal fil-
tered and circulated using aquarium filters (Whisper
10i) and allowed to condition for 10 d prior to plants be-
ing introduced into the three salinity treatments. Salini-
ties were tested twice weekly using a refractometer and
adjusted with DI water to replenish evaporative losses.

Chlorophyll fluorescence of photosystem II (PSII) was
measured by the PAM technique. This provides an instan-
taneous measure of the effective quantum yield (F/Fm’) of
PS II under prevailing ambient light conditions. In addi-
tion, photo-inhibition or quenching was also determined
by measuring the potential quantum yield (Fv/Fm) of dark-
adapted samples (Genty et al. 1989). Samples can be dark
adapted with leaf-clips that are supplied with the PAM in-
strument. These are attached to a plant leaf and serve to
occlude a small area of the leaf and then a shutter built into
the clip is opened, exposing the leaf area under the clip to
very low intensity red light transmitted through fiber-optics.
The chlorophyll in the dark-adapted area of the leaf fluo-
resces and the initial fluorescence (Fo) is recorded. Upon
illumination with a high intensity burst of saturating light
through the fiber-optics, the pigments associated with PSII
become overwhelmed and the maximal fluorescence (Fm)
is recorded. The difference between the maximal and initial
fluorescence levels (Fm - Fo) is called the variable fluores-
cence (Fv) and from this the ratio Fv/Fm, or potential quan-
tum yield is calculated. In an analogous fashion the effective
quantum vyield F/Fm’ can be determined on leaf samples

that are not dark adapted and are exposed to ambient light.

On the day prior to the salinity stress experiment (day
0), 30 leaves were haphazardly sampled, one per plant, for
actual quantum yield (F/Fm’) and 6 leaves were sampled for
potential quantum yield (Fv/Fm) after a minimum of 5 min
dark adaptation time using the leaf clips and fiber optic sup-
plied with the mini-PAM (Walz, Germany). Default instru-
ment settings were used and measurement intensity (gain)
was set to 1; these settings were maintained for the duration
of the experiment. The population was then separated into
three equal portions, determined by blotted wet weight (g).

On the morning of day 1, plants were sequentially intro-
duced into the three experimental salinity treatments and
one leaf per plant was selected for analysis. Immediately on
immersion into the salinity treatment, 6 leaves were dark-
adapted using the clips for Fv/Fm, then F/Fm’ measurements
were taken on 30 leaves that were not dark adapted. When
the measurements on the 30 leaves were complete, the 6
clipped leaves had dark-adapted and were also measured. All
36 measurements typically took less than 15 min to complete.

Every hour after the initial introduction, the cycle of
30 F/Fm’ and 6 Fv/Fm measurements were repeated
for each of the three salinities on haphazardly selected
plants. Hourly PAM measurements were continued for 12
hrs (8 am to 8 pm). The following day, and every day for
the next 7 d, PAM measurements were repeated between
11-12 am. After the first week, any plants marked for new
leaf growth were checked to count new leaf production.
Over the next three weeks, plant fluorescence was mea-
sured at least once per week at the same time of day, and
weekly observations on new-leaf production were recorded.

Chlorophyll fluorescence variation due to leaf age was
tested in the control (O ppt) mid-way through the experi-
ment (day 16). PAM measurements were made in duplicate
on each leaf pair on 15 individuals. Additionally, leaf size,
shape, and color for each leaf pair was noted. Leaf age was
denoted as immature (small green leaves formed apically),
mature (large green leaves distal to the new leaves) and se-
nescent (large leaves with discoloration and loss of turgor).
From these data, mean fluorescent yield values by leaf age
were determined to better understand within-plant variation.

At the end of the experiment, all plant material was
removed from each tank and sorted into newly formed
green leaves and original leaves. Five representative leaves
were saved from each of the three salinity treatments
for chlorophyll analysis using standard methods (Arar
1997). Wet weight (g) of the remaining biomass was re-
corded after blotting the sample dry. Samples were dried
at 60-70 °C and reweighed to determine dry weight (g).

Statistical analysis was done in JMP (SAS Institute,
Cary, N.C.) using either a ttest or ANOVA as appro-
priate. Prior to the test, data were determined to sat
isfy the assumptions of normality and homoscedastic-
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ity; data transformation was not necessary. Significant
results (p < 0.05) were followed by a Tukey’s honestly
significant difference posthoc test, and significantly dif-
ferent means are grouped by superscripts on the figures.

ResuLts

Some variation occurred in the treatment salinities
because of evaporation in the growth chamber. The 0
ppt treatment remained in the optimal range of <lppt
throughout the one month duration of the experiment.
The salinity in the 5 ppt treatment ranged from 5-7 ppt
and there was 30% less growth compared to the O ppt
treatment. The salinity of the 10 ppt treatment ranged
from 9-12 ppt, representing the upper lethal tolerance.

During day 1, the light adapted yield (AF/Fm’) exhibit-
ed a slight, but nonsignificant, decline during the first 4 h
in the O ppt and 5 ppt treatments, with mean fluorescence
dropping from 0.736 at the first reading, down to 0.690
and 0.705, respectively, before recovering again (Figure 1a).
There was a significant (T-test: t;3 = 1.86, p = 0.005) drop
in AF/Fm’ in the 10 ppt treatment after 4 h, from 0.716
to 0.518, with an increase back to fluorescence values simi-
lar to other salinities for the remainder of day 1 (Figure

la). In contrast, the dark-adapted fluorescence vyield, Fv/
Fm, ranged between 0.770 and 0.820 for all three salinity
treatments with very little change over the 12 h (Figure 1b).

During the remaining four weeks of the experiment, both
AF/Fm’ and Fv/Fm measurements showed similar respons-
es by salinity treatment, although AF/Fm’ was more variable.
After day 5, there was a decline in chlorophyll fluorescence
across all treatments with Fv/Fm dropping slightly from
0.813 to 0.778 by the end of week 1, and AF/Fm’ declining
from a mean of 0.738 to 0.712 (0 ppt), 0.732 (5 ppt), and
0.680 (10 ppt). Chlorophyll fluorescence was lower during
week 2 than week 1, with AF/Fm’ showing greater day-to-day
fluctuations than Fv/Fm. At the end of the second week,
AF/Fm’ in the 10 ppt treatment was lower (0.663) than the
other two treatments (Figure 1c). The greatest difference
among salinity treatments became evident in the last two
weeks of the experiment. In the 10 ppt treatment, both AF/
Fm’ and Fv/Fm declined substantially to ending values of
0.517 (Figure 1c) and 0.498 (Figure 1d), respectively. In the
5 ppt plants, Fv/Fm also dropped to 0.599 in the last week
of the experiment (Figure 1d). Compared to initial measure-
ments, the final lightadapted yields were 95%, 94% and
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Figure 1. Mean (= 1 se) chlorophyll fluorescence over time in S. molesta plants exposed to three different salinities (0, 5, and 10 ppt|.

(a) Hourly effective quantum yield (AF/Fm’) on 30 leaves on day 1

(b) Hourly potential quantum yield (Fv/Fm) from 6 dark-adapted leaves on day 1
(c) Noon-time effective quantum yield (AF/Fm’) on 30 leaves from day 1 to day 30
(d) Noon-time potential quantum yield (Fv/Fm) from 6 dark-adapted leaves from day 1 to day 30.
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Figure 2. Mean (+ 1 se) dark-adapted yields (Fv/Fm) measured
on day 18, for leaves of different ages in O ppt. For each age,
leaves were grouped into a smaller and a larger size class

(1 =0.3-1.0 cm, 2 = 1-3 cm mid-rib length). i1 and i2—immature
green leaves, m1 and m2—large mature green leaves, s1 and
s2—senescing brown leaves, d—black dead leaves. Superscript
letters indicate significantly different means from Tukey’s HSD
posthoc test.

71%, while the final dark-adapted yields were 94%, 73%
and 61% in the 0, 5, and 10 ppt treatments, respectively.

PAM fluorescence was found to vary significantly by
leaf age (one-way ANOVA: Fyy; = 20.21, p < 0.001). Imma-
ture and dead leaves had significantly lower Fv/Fm values
compared to mature green and senescing leaves; Fv/Fm
was > 0.700 in mature and senescing leaves, and < 0.500
in all others (Figure 2). Immature leaves were smaller (<1
cm) in size than mature leaves (>1 cm mid-rib length).

Initial biomass in the three treatments was less than
1.63% different, with 1.73 g total dry weight in the O ppt,
1.71 gin 5 ppt and 1.74 g in the 10 ppt treatments, respec-
tively (Figure 3a). Final biomass decreased with increasing
salinity, and a 40.64% decline was noted in the 10 ppt com-
pared to the O ppt treatment. There was 1.78 g total dry
weight in the O ppt, 1.22 g in 5 ppt and 1.06 g in the 10
ppt treatments, respectively. New leaf growth contributed
0.235,0.031, and O g dry weight in the 3 salinity treatments
(Figure 3a). The plants exhibited some withering and de-
crease in leaf production at 5 ppt, and a gradual but incom-
plete senescence with no new leaf production at 10 ppt.

Leaf chlorophyll concentration was significantly dif-
ferent among treatments (one-way ANOVA: F;,, = 49.11,
p < 0.001). Plants in the O ppt treatment had significantly
higher chlorophyll concentrations with 9.69 + 3.97 ng/
mg in new leaves and 2.83 * 1.31 pg/mg in old leaves,
compared to only 1.51 £ 0.22 pg/mg in senescent leaves
in the 10 ppt treatment (Figure 3b). The chlorophyll
concentrations corresponded with observations of leaf
color and tissue integrity among the three treatments.

Discussion

Observations made on the non-native S. molesta plants
over the course of the experiment indicated that higher
salinity caused loss of turgor, pigments, and a reduction

in new leaf formation. At the end of the first week, the
plants in the 5 ppt treatment showed signs of browning,
especially in the older leaves, and had fewer new leaves.
In the 10 ppt treatment, the leaves had folded together,
most of the green color was lost, and no new leaves were
produced. At the end of the experiment, the O ppt treat-
ment had substantial new leaf growth with 1-2 new leaf
pairs per individual; all leaves were at least partly green in
color. The 5 ppt treatment had minimal new leaf growth
and the leaves were a darker green with some brown. In
the 10 ppt treatment there was no new leaf growth and the
remaining leaves were brown to black and had lost turgor.

Health of S. molesta has been determined in previous stud-
ies by assessing the general appearance of the individuals,
pigment content and changes in texture of the leaves, the
rate of decay and disintegration, as well as the production of
new growth (Divakaren et al. 1980, Finlayson 1984). Since
those studies, the technique of chlorophyll fluorescence has
become widely adopted as a robust and reliable technique,
easy to carry out, non-destructive and rapid (Maxwell and
Johnson 2000, Ralph et al. 2007). In general, the greater
the quantum yield of chlorophyll fluorescence as measured
using PAM (F/Fm’), the higher the efficiency of the light
reactions in photosynthesis, which equates to a plant under
low physiological stress. Generally, the maximum possible
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Figure 3. Biomass and chlorophyll content of new (immature)
and mature leaves in 3 salinity treatments.

(a) Final dry weight of all plant material. Biomass was separated
into new immature leaves produced during the experiment, and
mature leaves that were present at the beginning.

(b) Mean (+ 1 se) leaf chlorophyll content of immature leaves

(O ppt only) and mature leaves. Superscript letters indicate
significantly different means from Tukey’s HSD posthoc test.
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proportion of the solar energy absorbed into photosynthesis
is around 83% (Maxwell and Johnson 2000). Any decline
in this ratio (either F/Fm’ or Fv/Fm) indicates a reduction
in the efficiency with which light is converted to photosyn-
thetic product and subsequently, growth or reproductive out-
put, and such a decline is often seen when a plant becomes
stressed (Krause and Weis 1991, Rohacek and Bartak 1999).

The stressor that was tested in this study was hyperosmot-
ic stress in the non-native aquatic invasive S. molesta, which
grows optimally in freshwater (Mitchell et al. 1980, Room
and Gill 1985). In a previous study (Divakaran et al. 1980),
the growth of this species was reduced by 25% at 3.5 ppt and
growth was “very slow” at 7 ppt. Salinities above 7 ppt were
reported to be unfavorable, with total withering taking place
at salinities of 11 ppt and above (Divakaren et al. 1980). At
lethal salinities of 11 ppt and above, S. molesta becomes more
and more spongy and soft in texture. The stem and “roots”
shrink and the color of the leaves turns from green to brown
(also noted in Divakaren et al. 1980). In this experiment,
new leaves grew only in the O and 5 ppt treatments, suggest-
ing that one of the responses to increased salinity stress by
S. molesta is a reduced ability to produce new leaf segments.
The implications of this are a reduction in ramet produc-
tion causing a reduction in the potential number of clonal
fragments, leading to reduced population growth over time.

The chlorophyll fluorescence data indicates that there
was a decrease in “plant health” in all 3 salinity treatments
over the course of the 1 mo trial, but that the decline was
more pronounced at 10 ppt than in the other 2 treatments.
Similar sub-lethal responses to salinity have been measured
using chlorophyll fluorescence in submerged aquatic (Ralph

1998) and emergent wetland plants (Biber 2006). Salvinia
molesta may be able to tolerate salinities of 5 ppt and even
produce new leaves, but salinities of 10 ppt greatly stress
the plants and they are unable to survive after prolonged
exposure of more than 3 weeks. This coincides with pre-
vious data based on physical appearance and growth rate.
These results suggest that S. molesta is not able to tolerate
elevated salinities > 10 ppt for prolonged periods of time
(> 1 mo). However, at salinities around 5 ppt, typical of
the lower Pascagoula River where this invasive non-native
aquatic was found, these plants did demonstrate the ability
to maintain photosynthesis and new leaf growth for at least
one month. Additional studies on the long term persistence
of this species at salinities present in the lower Pascagoula
are warranted to better understand the ability of S. molesta
to persist in the absence of specific management actions.

These findings are cause for concern, as they indicate that
S. molesta may be able to persist in the low salinity condi-
tions typical of the upper reaches in many northern GOM
estuaries. Further, it could be possible for this invasive
non-native aquatic to establish populations in higher salin-
ity conditions than the non-native biological control agent,
Cyrtobagous salviniae, a freshwater weevil (Thomas and Room
1986, Julien et al. 2002), exacerbating difficulties in control-
ling S. molesta outbreaks. Other control options include her-
bicide applications, which can also affect native plants, or
manual control, which is generally not cost-effective (Pieterse
and Murphy 1993). For this reason, the Mississippi DMR
commenced a comprehensive eradication program using
herbicides, which appears to have been successful at con-
trolling S. molesta in this outbreak (Dale Diaz, pers. comm.).

ACKNOWLEDGEMENTS
I would like to thank M. PrattZossoungbo and G. McCardle for their help with the experiment,
and assistance with the literature review for this manuscript. J.D. Caldwell provided a thorough re-
view of the manuscript. My thanks to M.S. Peterson for loaning the aquaria used in this study.

LiterAaTURE CITED

Adams, J.B. and G.C. Bate 1994. The tolerance to desiccation of
the submerged macrophytes Ruppia cirrhosa (Petagna) Grande
and Zostera capensis Setchell. Journal of Experimental Marine

Biology and Ecology 183:53-62.

Arar, E.J. 1997. Method 446.0 In Vitro Determination of Chloro-
phylls a, b, ¢ + ¢ and Pheopigments in Marine And Freshwa-
ter Algae by Visible Spectrophotometry. National Exposure
Research Laboratory, Office of Research and Development,

U.S. Environmental Protection Agency, Washington D.C.,
USA, 26 p.

Beer, S. and M. Bjork. 2000. Measuring rates of photosynthesis of
two tropical seagrasses by pulse amplitude modulated (PAM)
fluorometry. Aquatic Botany 66: 69-76.

Biber, P. 2006. Measuring the effects of salinity stress in the red
mangrove, Rhizophora mangle L. African Journal of Agricul-
tural Research 1:1-4.

Bjork, M., J. Uku, A. Weil, and S. Beer 1999. Photosynthetic tol-
erances of desiccation of tropical intertidal seagrasses. Marine
Ecology Progress Series 191:121-126.

Carley, M. and S. Brown. 2006. Invasive Plants: Established and
Potential Exotics Gulf of Mexico Region. Gulf Coast Re-
search Laboratory, Ocean Springs, MS, USA, 8 p.

Divakaran, O., M. Arunachalam, and N. Balakrishnan. 1980.
Growth rates of Salvinia molesta with special reference to sa-

linity. Proceedings of the Indian Academy of Science (Plant
Science) 89:161-168.



Finlayson, C. 1984. Growth rates of Salvinia molesta in Lake Moond-
arra, Mount Isa, Australia. Aquatic Botany 18:257-262.

Genty, B., J. Briantais, and N. Baker. 1989. The relationship be-
tween the quantum yield of photosynthetic electron trans-
port and quenching of chlorophyll fluorescence. Biochemica

et Biophysica Acta 990:87-92.

Holm, L.G., D.L. Plucknett, ]J.V. Pancho, and ]J.P. Herberger.
1977. The World’s Worst Weeds. University of Hawaii Press,
Honolulu, HI, USA, 609 p.

Julien, M., T. Center, and P. Tipping. 2002. Floating Fern (Sal-
vinia). In: R. Van Driesche, ed. Biological Control of Invasive
Plants in the Eastern United States. United States Depart-
ment of Agriculture Forest Service Publication, Washington,

D.C., USA, 413 p.
Kamermans, P., M.A. Hemminga, and D.]. de Jong. 1999. Signifi-

cance of salinity and silicon levels for growth of a formerly
estuarine eelgrass (Zostera marina) population (Lake Grevelin-

gen, The Netherlands). Marine Biology 133:527-539.

Krause, G.H. and E. Weis. 1991. Chlorophyll fluorescence and
photosynthesis: the basics. Annual Review of Plant Physiol-
ogy, Plant Molecular Biology 42:313-349.

Major, KM. and K.H. Dunton. 2002. Variations in light-harvest-
ing characteristics of the seagrass, Thalassia testudinum: evi-
dence for photoacclimation. Journal of Experimental Marine

Biology and Ecology 275:173-189.

Maxwell, K. and G. Johnson. 2000. Chlorophyll fluorescence - a
practical guide. Journal of Experimental Botany 51:659-668.

McFarland, D.G., LS. Nelson, M.]. Grodowitz, RM. Smart,
and C.S. Owens. 2004. Salvinia molesta D. S. Mitchell (Giant
Salvinia) in the United States: A Review of Species Ecology
and Approaches to Management. Environmental Laborato-

ry, U.S. Army Engineer Research and Development Center,
Vicksburg, MS, USA, 41 p.

Mitchell, D.S. and N.M. Tur. 1975. The rate of growth of Salvinia
molesta in laboratory and natural conditions. Journal of Ap-
plied Ecology 12:213-225.

Mitchell, D., T. Petr, and A. Viner. 1980. The waterfern Salvinia

molesta in the Sepik River, Papua New Guinea. Environmen-

tal Conservation 7:115-124.

Biber

MS DMR, 2005. Invasive Plant Species Found in Pascagoula
River System. http://www.dmr.state.ms.us/Misc/Species-of-
concern/salvinia.htm. (viewed on 1/09/2009).

Murphy, L.R., S.T. Kinsey, and M.]. Durako. 2003. Physiologi-
cal effects of short-term salinity changes on Ruppia maritima.

Aquatic Botany 75:293-309.
Pieterse, A.H. and K.J. Murphy. 1993. Aquatic Weeds. The Ecol-

ogy and Management of Nuisance Aquatic Vegetation. Ox-

ford University Press, Oxford, U.K., 593 p.

Ralph, PJ. 1998. Photosynthetic responses of Halophila ovalis
(R.Br.) Hook. f. to osmotic stress. Journal of Experimental

Marine Biology and Ecology 227:203-220.
Ralph, PJ., R. Gademann, and W.C. Dennison. 1998. In situ

seagrass photosynthesis measured using a submersible,
pulse-amplitude modulated fluorometer. Marine Biology

132:367-373.

Ralph, P.J. 1999. Photosynthetic response of Halophila ovalis
(R.Br.) Hook. f. to combined environmental stress. Aquatic

Botany 65:83-96.
Ralph, P.J., M.]. Durako, S. Enriquez, C.J. Collier, and M.A. Dob-

lin. 2007. Impact of light limitation on seagrasses. Journal of
Experimental Marine Biology and Ecology 350:176-193.

Rohacek, K. and M. Bartak. 1999. Technique of the modulated
chlorophyll fluorescence: basic concepts, useful parameters,
and some applications. Photosynthetica 37:339-363.

Room, P. and J. Gill. 1985. The chemical environment of Salvinia
molesta: ionic concentrations on infested waters. Aquatic Bot-

any 23:127-135.

Room, P. and M. Julien. 1995. Salvinia molesta D.S. Mitchell. In:
R. Groves, R. Shepard, and R. Richardson, eds. The Biology
of Australian Weeds, Frankston, Vic, Australia, pp. 217-230.

Schueler, D.G. 2002. Preserving the Pascagoula. University Press
of Mississippi, Oxford, MS, USA, 208 p.

Thomas, P.A. and P.M. Room. 1986. Taxonomy and control of
Salvinia molesta. Nature 320:581-585.

USGS (United States Geological Survey) 2005. Giant Salvinia
- Salvinia molesta. http://salvinia.er.usgs.gov/. (viewed on

1/09/2009).



