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INTRODUCTION

 

Expansion of cattail, 

 

Typha domingensis

 

, is perhaps the
most conspicuous indicator of long-term degradation of the
Florida Everglades. The spread of cattail in the Everglades
has been tracked at a landscape scale through photointer-
pretation of aerial and satellite photography (Rutchey and
Vilchek 1994, Jensen et al. 1995, Rutchey and Vilchek 1999
and Rutchey et al. 2008) and has provided an impetus for ob-
servational and experimental investigations of the causes and
implications of this alteration of the wetland plant communi-
ty and associated habitat (Davis 1991, Urban et al. 1993,
Doren et al. 1997, Newman et al 1998, Hagerthey et al.
2008). These studies indicate elevated phosphorous inputs
from agricultural runoff have been a primary driver of cattail
expansion and associated replacement of the natural
sawgrass and slough communities of the Everglades system.

While expansive growth of 

 

T. domingensis

 

 is undesirable in
the remnant Everglades (i.e., the Water Conservation Areas
and Everglades National Park), this species is a vital compo-
nent of stormwater treatment areas (STAs) that have been
constructed to reduce the phosphorus inputs (Guardo et al.
1995) that have impacted the structure and function of the
Everglades ecosystem. The STAs consist of compartmental-
ized flow ways with multiple cells ranging in size from 100-
1400 ha, and currently are managed to support either emer-
gent or submerged aquatic vegetation (Burns and McDon-
nell 2003). 

 

Typha domingensis

 

 is the dominant species in
emergent cells, where it provides for phosphorus uptake and
storage primarily through the production of leaf litter biom-
ass. Phosphorus inputs are removed from the water column
by microbial communities associated with the slow decompo-
sition of this cattail leaf litter, which simultaneously accumu-
lates in a soil building process that buries the stores of
sequestered phosphorus (Kadlec 2006, Richardson et al.
1997).

Based on performance models and analyses (Burns and
McDonnell 2003) the preferred configuration of Everglades

STAs has emergent cells that discharge into cells with expan-
sive beds of submerged aquatic vegetation (SAV). The SAV
cells, which consist primarily of southern naiad, 

 

Najas quada-
lupensis

 

, 

 

Chara

 

 spp. and pondweed, 

 

Potamogeton illinoensis,

 

provide for phosphorus removal through direct uptake, an
associated periphyton complex and by a coupled calcium co-
precipitation/adsorption pathway (Dierberg et al. 2002b,
Scinto and Reddy 2003). When positioned downstream of
emergent cells that provide initial treatment of stormwater
runoff with high P loads, SAV cells have the capability of re-
ducing P concentrations to the low levels (Dierberg et al.
2002a, Knight et al. 2003) that are needed to achieve Ever-
glades restoration goals (Davis and Ogden 1994). Establish-
ment and maintenance of SAV cells has required frequent
herbicide applications to control invasion by floating and
emergent vegetation, including spread of 

 

T. domingensis

 

 from
linear stands (emergent vegetation strips) that are main-
tained to buffer wind and wave energy, which can generate
catastrophic disturbances to the SAV beds, particularly dur-
ing tropical storm events.

The SAV cells of Everglades STAs have shown evidence
of phosphorus removal efficiencies (Juston and DeBusk
2006) that are desired (i.e., outflows of 

 

≈

 

 10 µg/L), but
have characteristics that may compromise their sustainabili-
ty. For example, due to the relatively rapid rates of decom-
position (i.e., 10

 

×

 

 faster than cattail) (Chimney and Pietro
2006) and the precipitation and deposition of calcium car-
bonate in SAV beds (Dierberg et al. 2002a,b), SAV cells ac-
crete unstable, flocculent substrates that could eventually
inhibit their ability to support growth of rooted SAV. Poten-
tial consolidation of these sediments is precluded by perma-
nent inundation of SAV cells, which is needed to maintain
SAV growth and to provide for sustained treatment of
stormwater runoff. Alternative management strategies
would allow for expanded growth of 

 

T. domingensis

 

 within
SAV beds, or potentially in a managed rotation. Incursion
of 

 

T. domingensis

 

 could help stabilize soils through more
substantive root and rhizome growth and with the deposi-
tion of more recalcitrant (Osborne et al. 2007) and slowly
decomposing leaf litter (Chimney and Pietro 2006). Thus,
population growth characteristics of 

 

T. domingensis, 

 

includ-
ing rates of expansion and associated attained densities,
provide a basis for the formulation of management needs
and potential alternatives for SAV cells of the Everglades
STAs.
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The objective of this study was to quantify temporal rates
of lateral expansion (distance from initial border and associ-
ated ramet densities) of extant stands of 

 

T. domingensis

 

 into
adjacent beds of dense SAV. The scale of this study provides
much finer resolution than previous landscape mapping ef-
forts in the Everglades and addresses both routine and strate-
gic vegetation management issues in the STAs.

 

METHODS

 

Expansion rates of 

 

T. domingensis

 

 stands were measured
along three randomly located 5 m long permanent transects
at 10 replicate sites along the outer edges of 30 m wide emer-
gent vegetation strips in Cell 2B of STA 3/4 (Figure 1). Dur-
ing the three year period preceding this study, total
phosphorus inflow concentrations for this SAV cell averaged
36 µg/L. The 

 

T. domingensis

 

 stands developed shortly after
the cell was established in June 2004, and periodic herbicide
applications maintained a distinct boundary between the

emergent cattail and abutting beds of SAV, which are domi-
nated by southern naiad (

 

Najas guadalupensis

 

). Suspension of
herbicide applications allowed for clonal expansion of 

 

T.
domingensis

 

 ramets into the SAV.
Expansion rates were measured at 5, 8 and 15 month inter-

vals after transects were established in April 2007. During
April 2007 and subsequent sampling periods the number of
live 

 

T. domingensis

 

 ramets were counted in 1.0 m

 

2 

 

quadrats at 1
m intervals along, and perpendicular to, each 5 m transect.
The transects paralleled and thereby delimited the initial edge
of the cattail stand and were marked with PVC poles. Sample
means (n = 5 quadrats) along each 5 m transect were used to
calculate transect means (n = 3) for each replicate site, which
were averaged (n = 10) to provide temporal estimates of mean

 

T. domingensis

 

 densities for each 1 m interval perpendicular to
the initial boundary of the stand. This derivation of mean 

 

T.
domingensis

 

 densities provides estimates of variability (standard
errors) among sites, which were selected non-randomly but
are representative of managed cattail stands in this and other

Figure 1. Locations of study sites along two linear emergent vegetation strips in the center of Cell 2B of STA 3/4. Location map shows the STAs (small
shaded polygons) and adjoining the Everglades Water Conservation Areas.
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STAs. A single factor ANOVA was used for comparisons of
mean densities of 

 

T. domingensis 

 

ramets along the initial bor-
der and the perpendicular 1 m sampling intervals.

 

RESULTS AND DISCUSSION

 

During April 2007, the border of 

 

T. domingensis

 

 at sampled
sites had an initial mean (± standard error) density of 5.7 ±
0.3 live ramets/m

 

2

 

 with very little growth extending into the
adjacent SAV beds (Figure 2). Over the next five months
mean 

 

T. domingensis

 

 density along this initial border in-
creased to 13.6 ± 1.0 live ramets/m

 

2

 

. Densities along this bor-
dering transect remained at similar levels through the next
two sampling periods while the 

 

T. domingensis

 

 stand expand-
ed into the adjacent SAV beds. Ramets were found 6 m from
the original border after 5 months, expanded another two
meters over the next 4 months and had colonized 13 m from
the initial boundary after 15 months.

After 5 months, highest increases in 

 

T. domingensis

 

 density
(9.2 live ramets/ m

 

2

 

) occurred 1 m outside the original bor-
der. Thereafter, mean density at perpendicular sampling in-
crements increased by 3.2-4.1 live ramets/m

 

2

 

 at sampling
locations 2 to 4 m from the initial boundary between 5 and 8
months and by 3.8-6.3 live ramets/m

 

2 

 

at sampling increments
3 to 7 m from the original border transect between 8 and 15
months. By this last sampling period (i.e., 15 months after
expansion began) 

 

T. domingensis

 

 had attained similar mean
densities (p (F) = 0.47) from 1 m (10.3 ± 0.9 live ramets/m

 

2

 

)
to 6 m (6.7 ± 1.6 live ramets/m

 

2

 

) adjacent to the initial bor-
der. These densities were not significantly different (p (F) =
0.10) than that attained along the initial border (12.6 ± 0.8
live ramets/m

 

2

 

), and based on observations of remaining
SAV growth did not appear to have reached a level where as-
sociated shading would eliminate SAV.

Measured rates of clonal expansion indicate extant
stands of 

 

T. domingensis

 

 can readily colonize adjoining SAV

Figure 2. Clonal expansion of T. domingensis. Bar graphs show mean density of live T. domingensis ramets at 1 m sampling increments perpendicular to initial
(April 2007) borders between the Typha stands and abutting beds of SAV. Sampling increments represent contiguous 1.0 m2 quadrats from the initial border
(i.e., the (0)-1 m increment) of the 5 m long transects.
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beds

 

. 

 

Temporal characteristics suggest continual spatial ex-
pansion of ramets into uncolonized portions of SAV beds
with coincident, but slower increases in density. These char-
acteristics reflect adaptive allocation of resources to rhi-
zome growth and a strategy by which 

 

T. domingensis

 

successfully invades phosphorus enriched sites in the rem-
nant Everglades (Miao et al. 2000, Miao 2004). Maximum
densities along the expansion front (

 

≈

 

 12-13 live ramets/
m

 

2

 

) were comparable to densities

 

 

 

of 

 

T. domingensis

 

 at sites in
Water Conservation Area 2A (Figure 1) where surface water
concentrations of total phosphorus were > 15 µg/L (Miao
and Sklar 1998, Weisner and Miao 2004). Similar densities
of 

 

T. domingensis

 

 also have been measured along the border
of cattail stands in another STA (i.e., 15.1 ± 1.3 ramets/m

 

2

 

in STA 5, L.A. Toth, unpublished).
The observed rate of expansion of 

 

T. domingensis

 

 is in-
dicative of the management efforts (i.e., herbicide applica-
tions) that are needed to control growth of emergent
vegetation in SAV cells of STAs. These results also high-
light the opportunity for implementing alternative man-
agement strategies that exploit the invasive growth
characteristics of 

 

T. domingensis

 

 and its functional capabili-
ties in phosphorus-rich wetlands. Infiltration of 

 

T. domin-
gensis

 

 would change the structure (i.e., through enhanced
root and rhizome architecture) and physical and chemical
characteristics (e.g., bulk density, organic matter fiber con-
tent) of unstable, accreted soils in SAV beds, and provide
an alternative phosphorus removal pathway (i.e., decom-
posing leaf litter). Multiple (even competing) nutrient up-
take pathways could help ensure the sustainability of STAs
by providing a functional (i.e., P removal) redundancy that
confers resilience to potential disturbances (Brookes et al.
2005) such as herbivory, drought, tropical storms, and pro-
longed deep water events. Although results of this study in-
dicate SAV beds remained within the infiltration front for
over one year after encroachment of 

 

T. domingensis

 

 was al-
lowed, management intervention (i.e., herbicide treat-
ments) would eventually be required to prevent growth
and associated accumulation of 

 

T. domingensis 

 

leaf litter
from restricting light penetration needed for maintenance
of functional beds of SAV

 

.

 

 Innovative herbicide application
strategies for maintaining mixed growth of SAV and 

 

T.
domingensis

 

 in STAs

 

 

 

require insightful timing and selective
measures for thinning stands of 

 

T. domingensis

 

, and are cur-
rently being evaluated. Alternatively, measured rates of
clonal expansion of 

 

T. domingensis

 

 could be used to man-
age for planned rotations of stands of 

 

T. domingensis

 

 and
beds of SAV (e.g., like agricultural crops). Ongoing com-
plementary studies of treated stands of 

 

T. domingensis

 

 will
evaluate the feasibility of such rotations by evaluating rates
of SAV establishment on dead cattail litter. Toth (2007)
found SAV colonization of treated torpedograss was de-
layed until the accumulated thatch was partially decom-
posed and fully submerged.
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INTRODUCTION

 

Hygrophila [

 

Hygrophila polysperma 

 

(Roxb.) T. Anders.], al-
so known as “East Indian hygrophila,” “Indian swampweed,”
or “Miramarweed,” is an herbaceous perennial plant that
grows emersed or submersed in slow-moving waters or as a
terrestrial plant in saturated soils (Ramey 2001). Native to
the East Indies (Les and Wunderlin 1981), hygrophila was in-
troduced into the United States in 1945 as an aquarium
plant (Innes 1947) and was found growing in natural waters
in Lee County, Florida, in 1965 (Les and Wunderlin 1981).
Hygrophila has subsequently spread throughout south Flori-
da, and by 1985 it was commonly found in canals throughout
Broward, Hillsborough, and Palm Beach counties (Spencer
and Bowes 1985). In addition to those counties, hygrophila is
currently present in Alachua, Leon, Levy, Pasco, Pinellas,
and Sarasota counties (USDA-NRCS 2008) and is included
on the United States Federal Noxious Weed list (USDA-APH-
IS 2006) and Florida State Noxious Weed list (FDEP 2005).
Kay and Hoyle (2001) conducted research on the availability
of invasive aquatic weeds for purchase on commercial web-
sites. Hygrophila was found to be available for purchase from
30 vendors, which was greater than the number of vendors
found for 11 other invasive species (Kay and Hoyle 2001).
Based on the research of Kay and Hoyle (2001), new intro-
ductions of hygrophila will likely continue and additional
plants will be released in currently infested regions.

Several inherent characteristics of hygrophila contribute
to its invasiveness. Hygrophila readily reproduces from vege-
tative fragments (Vandiver 1980), and Spencer and Bowes
(1985) reported that 50 and 100% regrowth occurred from
hygrophila stem fragments that contained one and three

nodes, respectively. Hygrophila has multiple growth forms,
depending on whether the plant is submersed or emersed
(Botts et al. 1990), and hygrophila leaves are capable of
drawing CO

 

2

 

 from water and the atmosphere (Bowes 1987).
Furthermore, the plant has relatively low light saturation and
compensation points (Spencer and Bowes 1985), which al-
low it to fix CO

 

2

 

 at low light levels. Van Dijk et al. (1986) re-
ported that hygrophila grew more aggressively in flowing
water compared to static water, and that hygrophila may be-
come competitive with hydrilla [

 

Hydrilla verticillata 

 

(L.f.
Royle)] in flowing water. Fast et al. (2008) reported that hy-
grophila growth was greater in water that was flushed twice
per week (to simulate the water replacement that would oc-
cur in canals and rivers) compared to water that was static or
continuously circulated. This information helps explain why
canals and rivers in south Florida are an ideal environment
for the growth and spread of hygrophila.

Hygrophila is included on the list of weeds controlled by
the dipotassium and dimethylalkylamine formulations of the
herbicide endothall (Cerexagri-Nisso 2007, United Phospho-
rous 2008). Sutton (1995) reported that endothall provided
excellent control of hygrophila for 4 to 8 weeks after treat-
ment, but an additional application was needed 8 to 10
weeks after the initial treatment to control regrowth. No oth-
er hygrophila control data were found in the literature, and
labels of the other 10 herbicides registered for use in aquatic
sites (carfentrazone, copper, diquat, fluridone, glyphosate,
imazamox, imazapyr, penoxsulam, triclopyr, and 2,4-D) did
not include hygrophila on their lists of weeds controlled. Fast
et al. (2008) reported that hygrophila fragments had to be
emergent or in saturated soil to establish new plants, which
indicates that hygrophila plants become established on
banks or at the edges of canals and rivers before spreading
into deeper water to grow as submersed plants. Early control
of hygrophila with broadcast foliar-applied herbicides is
needed to control emergent hygrophila before it becomes
established and begins growing submersed in deeper water,
which would likely require treatment of the entire water col-
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