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ABSTRACT

Aeschynomene virginica (L.) BSP, commonly called sensitive joint-vetch, is a rare
plant found only in tidal freshwater marshes of several Mid-Atlantic states in the eastern
United States. Therefore, the U.S. Fish and Wildlife has listed this species as ‘threatened’ and
developed a management plan to assist in the species’ recovery. One of the priority steps in
this recovery plan is to ‘conduct a comprehensive survey for additional populations.” This
study was conducted to determine whether remote sensing would be a useful tool for locating
areas with high potential for providing habitat for A. virginica. An additional goal of this study
was to further characterize the vegetative community associated with A. virginca habitat. The
vegetative portion of this study found that A. virginica tended to grow in a highly diverse
vegetative community. The species composition varied at each of the Mattaponi River study
sites. As expected, perennial species such as Peltandra virginica and Pontederia cordata
dominated during the early portion of the growing season and annuals tended to dominate in
the late summer and autumn.

Digital Multispectral Video System (DMSYV) imagery was obtained at the mid and
end of the growing season for several known A. virginica habitat sites on the Mattaponi River.
Landsat imagery that covered the range of A. virginica sites within Virginia was also obtained
in the early spring. Each of the image sets were analyzed by comparing known areas of joint-
vetch habitat to other, randomly chosen, areas within the marsh in order to determine whether
there was any difference in the digital numbers characterizing the joint-vetch habitat. In the
DMSYV imagery, bands 680 nm and 770 nm were chosen for this analysis; Landsat bands 5
and 6 were also used. All sets of analysis tended to classify an unacceptably high portion of
the marsh as potential A. virginica habitat; these results would not result in a significant
reduction of labor for workers trying to locate and verify additional A. virginica populations on
the ground. Tidal freshwater marshes are very diverse habitats; each marsh can contain 40 or
more species and the species composition changes drastically throughout the growing season.
This spatial and temporal variability creates challenges in accurately classifying and ground-
truthing remotely sensed imagery. Because A. virginica usually grows in a relatively small
area on the marsh berm, it was particularly difficult to accurately locate these habitat regions
within the imagery and when located, this region was often characterized by ‘mixed’ pixels
whose spectral values were influenced by reflectances of the marsh vegetation and the adjacent
water. Although the remote sensing methodology did not result in classifications accurate
enough to be incorporated as a guide for future A. virginica habitat field surveys, remote
sensing does hold potential for use in future tidal freshwater marsh studies, especially if used in
conjunction with other data sets such as marsh elevation surveys.

Keywords: tidal freshwater marsh, wetland, rare species, Aeschynomene virginica, sensitive
joint-vetch, habitat, remote sensing
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USE OF REMOTE SENSING TO IDENTIFY ESSENTIAL HABITAT FOR AESCHYNOMENE
VIRGINICA (L.) BSP, A THREATENED TIDAL FRESHWATER WETLAND PLANT.



INTRODUCTION

Aeschynomene virginica (L.) BSP, commonly known as sensitive joint-vetch
(Figure 1), is an annual, bushy member of the Fabaceae (legume) family native to
Mid-Atlantic tidal freshwater wetlands. It is rare throughout its range and has been
federally listed as a threatened species (U.S. Fish and Wildlife Service, 1992).

The U.S. Endangered Species Act defines threatened species as “any species
which is likely to become an endangered species within the foreseeable future within
all or a significant portion of its habitat”. An endangered species is defined as “any
species which is in danger of extinction throughout all or a significant portion of its
range.....” Although A. virginica was most likely never a dominant marsh species, or
even considered common (Fernald, 1939), human activities have significantly altered
or destroyed many wetlands that previously provided habitat for this species. Present
populations of A. virginica are vulnerable to habitat degradation and destruction due
to a variety of factors including sedimentation, shoreline structural development,
competition from exotic species, water withdrawal projects, residential development
and sea level rise (Fish and Wildlife Service, 1995). Like many other endangered and
threatened species, A. virginica may serve as a “canary in the coal mine”, a visible
measure of humanity’s potential to permanently alter the environment, and in so
doing, lose significant and irreplaceable amounts of the world’s biodiversity.
However, when listed under the Endangered Species Act, species such as A. virginica
also have legal standing that, in many situations, protects the species and its habitat,
against specific harmful human activity. The Endangered Species Act prohibits any
action that would result in a ‘taking’ of a listed species or destruction of a listed
species’ critical habitat. The U.S. Fish and Wildlife Service (1992) has ruled that it
would not be beneficial to determine critical habitat for A. virginica, but the Service
must be consulted with before any federal action is taken, including funding projects

or issuing permits, that could result in harm to this species or its habitat. Even with



the special protection and consideration afforded under the federal endangered
species act, rare species such as A. virginica are still vulnerable to stochastic events
and subtler, large scale changes such as exotic species invasions and sea level rise.

Under .the Endangered Species Act, the U.S. Fish and Wildlife Service is
responsible for developing a recovery plan for A. virginica that will “protect,
maintain, and increase the species and its habitat, thereby enabling eventual removal
of the species from the Federal list of Endangered and Threatened Wildlife and
Plants” (U.S. Fish and Wildlife Service, 1995). As part of this recovery plan, the
Service supports a survey program for this species that both monitors the status of
existing populations and searches for new occurrences of A. virginica. These surveys
have established that sensitive joint-vetch tends to reoccur at a few specific locations
almost every year, without much migration within the marsh or the watershed as a
whole (U.S. Fish and Wildlife Service, 1995).

However not much is known for certain about the physiological and micro-
environmental reasons why A. virginica occurs exactly when and where it does
(Dunscomb et al., 1996). Tidal freshwater marshes are extremely complex
environments, sometimes containing as many as 50 plant species within a single
wetland; the species distribution is determined by a combination of micro-
environmental differences and inter-specific competition (Perry and Hershner, 1999;
Odum et al., 1984; Simpson ez al., 1983). However, the importance of each factor in
determining species distribution is not very well understood. In addition to all of the
marsh specific interactions, A. virginica population levels appear to be greatly
influenced by watershed — scale factors; joint-vetch population sizes fluctuate
dramatically from year to year, but the trends are relatively consistent for all the
populations within a river system (Rouse, pers. comm..)

Many monitoring surveys are done from boats on the river, looking into the
marsh, sometimes using binoculars, to locate Aeschynomene plants within (Rouse and
Beldon, 1995; Tyndall ez al., 1996; Dunscomb et al., 1997; Beldon and Van
Alstine, 1998). It would be extremely time consuming and expensive to obtain
property owner permission and conduct foot surveys within each marsh that might

potentially provide habitat for A. virginica, and too much human activity could



suppress the substrate and actually damage Aeschynomene habitat. However, boat
surveyors must make sure to time the tides correctly so that they are high enough in
the water to view into the marshes, and even so they might miss joint-vetch
populations tucked within the marsh or miscount the number of plants. Tyndall ez
al.(1996) noted the difficulty of distinguishing joint-vetch from the other yellow-
flowered plants in the marsh. Even within the past several years, researches have
discovered joint-vetch populations at new sites, or at ‘historic’ locations, where A.
virginica had not been documented for over 50 years (U.S. Fish and Wildlife Service,
1992; Beldon and Van Alstine, 1998), so it is not unreasonable to anticipate that
there might be other joint-vetch populations that have not yet been discovered.
Reveal and Broome (1981) also note that A. virginica is difficult to locate in the field
and hypothesize that the species might be somewhat more common than presently
thought. In any case, it would be extremely useful to develop additional and more
efficient surveying methodologies to assist in the location and management of this
rare species.

The goal of this study is to combine traditional field sampling techniques with
analysis of remotely sensed imagery in order to identify areas most likely to provide
essential habitat for A. virginica. . Remotely sensed imagery provides a powerful
scientific tool that, as of yet, has not been utilized to the fullest extent in ecological
studies. Remote sensing possesses several advantages over traditional field sampling
for certain purposes; data can be obtained quickly and relatively inexpensively over
large areas. Because the imagery is in digital format, data can be statistically
analyzed relatively easily, as opposed to aerial photography, which is dependent upon
an interpreter’s analysis.

Theoretically, every object has a unique spectral signature that can be
discerned from that of any other object. The spectral reflectances of plant species
differ due to variations in internal biochemical makeup and external morphological
form (Campbell, 1996). At the present time, spectral and spatial sensing limitations
prevent remote detection of objects the size of an individual marsh plant; however,

each new generation of sensors show dramatic improvement in detection capability.



Remotely sensed imagery can also be used to determine certain larger scale habitat
characteristics, such as soil type and forest crown closure.

In addition to helping to identify the essential habitat for A. virginica, this
study will add to the overall body of information about the vegetative zonation and
environmental conditions that occur in tidal freshwater wetlands. These marshes are
naturally very dynamic ecosystems and human activity impacts these ecosystems in a
myriad of ways not yet fully understood. Both the remotely sensed and field
collected data can be used as baselines for future studies measuring the effect of
natural and anthropogenic factors on tidal freshwater marshes. Finally, the
methodology used in combining remote sensing and field studies to determine
essential habitat can be modified for use determining essential habitat for other

species and ecosystems.

Objectives

1. Identify the vegetation associations for Aeschynomene virginica populations on

the Mattaponi River.

2. Develop algorithms that correlate A. virginica populations and associated
vegetation distributions to remotely sensed reflective data, to produce a distinctive

signature for A. virginica habitat.

3. Produce a resource management map identifying essential A. virginica habitat and

potential habitat within the Chesapeake Bay.



LITERATURE REVIEW
Tidal Freshwater Wetlands

Tidal freshwater wetlands are defined, and distinguished from other wetland
types, by an average salinity of less than 0.5 parts per thousand (ppt) and the
influence of a daily, lunar tidal cycle. Tidal freshwater wetlands are located in the
upper reaches of coastal estuaries, upriver from the salt and brackish marshes and
downstream from non-tidal freshwater marshes and swamps. This wetland type can
be found world-wide, but on the North American continent they are located on the
east coast between Maine and Florida, although they are most prevalent in the Mid-
Atlantic states, South Carolina, and Georgia. Tidal freshwater marshes tend to
develop best in locations with 1) a major influx of freshwater, 2) a daily tidal
amplitude of at least 0.5m (1.6 ft) and 3) a geomorphological structure that amplifies
the tidal wave in the upper portion of the estuary. (Odum et al., 1984)

Most tidal freshwater wetlands have originated fairly recently, during the
Holocene period. River valleys were carved out during a cycle of lowered sea level
in the Pliestocene period. Since that time, the sea has risen to fill these river valleys,
creating estuaries (Mitsh and Gosselink, 1993). Marshes have formed in regions
where allocthonous sediment input and autocthonous production have combined to
kéep up with the rising sea level. Tidal freshwater marshes receive a much higher
sediment input than brackish and salt marshes because of their location further up the
estuary, closer to the source of erosion (Odum, 1988). Because of this high sediment
input, the lower elevations of the tidal freshwater marshes usually have a mineral soil,
defined as less than 50% organic material, while the upper elevations, further from
the river channel and therefore receiving a lesser percentage of allocthonous input,
have an organic soil (Odum et al., 1984). Tidal freshwater marsh plants have a lower

belowground biomass than do salt marsh plants; with less roots and rhizomes to hold



the soil in place, tidal freshwater marshes are more subject to erosion than salt and
brackish marshes, particularly at the marshes’ edge, which undergoes the movement
of water in and out of the marsh several times a day. The smaller average grain size
and lower sand content of the freshwater sediment also contributes to the higher
erosion rates in these wetlands, as compared to higher salinity marshes. (Odum, 1988;
Garofala, 1980) |

As with other types of wetlands, water-logging over extended periods of time
creates anaerobic conditions in the soil, decreasing the amount of oxygen available
for respiration and other biological reactions. Redox potential (Eh) measures the
tendency of the soil to oxidize or reduce substances and is very useful to determine
because it affects a variety of biological and chemical processes within the marsh
(Mitsch and Gosselink, 1993). However, tidal freshwater soil generally contains
multiple redox couples, which greatly complicates redox measurements within the
marsh (Odum 1988).

In addition to flowing over the marsh surface, water also travels through the
intersitial spaces in the sediment and soils. This movement of subsurface pore water
affects nutrient concentrations and flux, redox potential, and a variety of other
processes. Evapotranspiration mediates vertical water flux, but this movement is
small compared to the vertical pore water action near the banks of the tidal creek.
Therefore, the highest rate of pore water movement occurs along the creek bank
margins; the soil on the marsh’s edge is relatively well flushed. In the interior marsh,
where evapotranspiration is the dominant force on porewater flux, the subsurface
water may become stagnant and accumulate toxins, especially at the lower elevations
(Reay, 1989; Odum, 1988).

Whigham and Simpson (1976) divide freshwater tidal wetlands into four
habitat categories based upon each region’s hydrological regime: streams and stream
banks, high marsh areas that are inundated by up to 30 cm for 0-4 hours two times a
day, pond-like areas that are inundated with water for up to 9 hours each tidal cycle,
and pond areas that are inundated continuously, but with flow reversal due to changes

in tidal direction. The latter two classifications are believed to occur mostly in



marshes that have been impacted by man in some fashion such as diking (Simpson et
al., 1983).

Unlike tidal salt marshes, which are occupied by just a few species and have a
distinct zonation, as many as 50 to 60 species may grow in a tidal freshwater wetland,
but without pronounced zonation patterns. The lack of salt stress allows many
species to grow that could not survive in the more saline environment of a brackish or
salt marsh. However, similarly to the more saline marshes, inundation stress still
plays a role in determining species composition and distribution. The vegetation is a
mix of annual and perennial plants, and the species composition changes over the
course of the growing season and often from year to year (Perry and Hershner, 1999;
Perry and Atkinson, 1996; Tyndall et al., 1996; Odum et al., 1984; Simpson et al.,
1983; Doumlele, 1981).

In the late winter, tidal freshwater wetlands most closely resemble a mudflat,
with most of the aboveground biomass decayed or consumed. Spatter dock (Nuphar
luteum) is one of the first species to emerge in the low intertidal zone, followed by
arrow arum (Peltandra virginica) and pickerelweed (Pontedaria cordata), both
perennial species. These fleshy —leaved species form a dense canopy over the
intertidal wetland, dominating much of the area through the early summer, until rising
salinity levels cause a large amount of leaf dieback. At the same time, annual
seedlings have germinated, and by August the stream banks will be dominated by
species such as water smartweed (Polygonum punctatum) and water hemp (Acnida
cannabina), while bur marigold (Bidens laevis), tearthumb (Polygonum arifolium),
and jewelweed (Impatiens capensis) grow on the higher marsh areas. Many perennial
species also inhabit the high marsh areas: sweet flag (Acorus calamus), arrowhead
(Sagittaria latifolia), cattails (Typha sp.), as well as Peltandra and a variety of grasses
and sedges. Wild rice (Zizania aquatica var. aquatica), an annual species, occurs
throughout the marsh, and is a very important food source for migrating waterfowl
(Mitsch and Gosselink, 1993; Odum et al., 1984; Simpson et al,.1983; Silberhorn,
1982).

Many environmental factors influence the species’ composition and

distribution within a marsh: climate, nutrient dynamics, herbivory, inter- and



intraspecific competition, soil pH and redox potential, tidal frequency and duration,
and salinity (Perry and Hershner, 1999; Perry and Atkinson, 1996; Schneider, 1994).
Of course, these factors do not remain constant throughout the course of the growing
season or from year to year, but the high species diversity offers a buffer against
changing environmental conditions (Simpson et al., 1983). The production in tidal
freshwater wetlands remains relatively consistent from year to year because different
species react favorably to changes that occur on a seasonal or annual basis (Whigham
and Simpson, 1992).

Salinity in particular produces changes in the vegetation of tidal freshwater
wetlands. Many of these estuaries receive a spring ‘freshet’ from snow melt and high
rainfall upriver in the watershed. During late summer, the salinity in the tidal
freshwater regions often rises to levels above 0.5 ppt; this salinity increase also
occurs throughout the year in periods of drought. Because the tidal freshwater marsh
flora normally includes a mixture of species including perennials, which are more
able to withstand yearly fluctuations, and some annual plants that also grow in
oligohaline (0.5-5.0 ppt) and mesohaline (5.0-18.0 ppt) conditions, the marsh’s
character is not drastically altered during drought years (Perry and Hershner, 1999).
However, if the salinity consistently remains at a higher level over a period of several
years, a scenario quite possible under current conditions of rising sea level, then the
marsh species composition may gradually change from tidal freshwater to
oligohaline, eliminating those species which cannot tolerate higher salinities. (Perry
and Hershner, 1999;. Baldwin and Mendelssohn, 1998; McKee and Mendelssohn,
1989)

Marshes can ‘keep up’ with sea level rise, and retain their current character, if
the combination of allocthonous inputs and autocthonous production equals the
relative rate of sea level rise. Even if a marsh cannot keep up with relative sea level
rise, theoretically, it should be able to ‘migrate’ inland or up an estuary. As the
salinity level increases, oligohaline marshes may become mesohaline, tidal fresh may
change into oligohaline, and non-tidal freshwater wetlands may become tidal (Orson,
1996; McKee and Mendellson, 1989; Orson et al., 1987). However, this

translocation of wetland types up-estuary is dependent upon 1) the species within the
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marshes being able to disperse effectively enough to keep up with the migration, and
2) the existence of available land up-estuary. Unfortunately, because of the large
human population concentrated in coastal regions, many wetland sites have been
destroyed by dredging, filling, bulkheading, and other activities. In some areas, tidal
freshwater marshes, as well as other wetland types, are ‘squeezed’ between the
competing influences of sea level rise and human development, leading to a decrease
of total wetland area (U.S. Fish and Wildlife Service, 1992). This loss of wetlands
dramatically affects the populations that live within and depend upon the wetlands,

especially species that only inhabit specialized niches within this particular wetland

type.

Aeschynomene virginica

Sensitive joint-vetch (Aeschynomene virginica) is an annual legume native to
tidally-influenced fresh and brackish-water marshes in the mid-Atlantic eastern
United States (Gleason and Cronquist, 1991). The species is rare throughout its range:
extant populations exist at a total of 26 locations in five states: 3 sites in Maryland, 1
in New Jersey, 2 in North Carolina, and 20 in Virginia (Figure 2). These populations
range in size from 3 to 20,000 plants; individual population size can vary greatly
from year to year. Historically, A. virginica populations have existed at additional
locations in each of these states, as well as in Delaware and Pennsylvania. Although
many historical sites have been extensively modified or destroyed by dredging,
filling, or bulkheading, potential habitat still exists in some of these locations. (U.S.
Fish and Wildlife Service, 1995) The relatively pristine tidal freshwater marshes in
Virginia’s coastal plain provide the vast majority of the remaining habitat for this
species. However, rapid growth of the Washington, D.C., Richmond, and the
Hampton Roads metropolitan areas threatens to greatly impact these tidal rivers
systems and the adjacent marshes where A. virginica grows.(U.S. Fish and Wildlife

Service, 1992)
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The overall number of A. virginica populations has remained relatively
constant; however, most of the extant populations are vulnerable to habitat loss,
degradation, or modification due to development, road construction, water withdrawal
projects, water pollution and bank erosion (U.S. Fish and Wildlife Service, 1995). In
Virginia, A. virginica populations are most threatened by human popul.ation growth
and related detrimental effects upon the species’ essential habitat (U.S. Fish and
Wildlife Service, 1992). Because of the small number of populations and the various
detrimental influences that threaten the limited habitat for this species, on June 19,
1992, Aeschynomene virginica was federally listed as threatened under the provisions
of the Endangered Species Act of 1973 (U.S. Fish and Wildlife Service, 1992).
Because of the species’ global rarity and overall population decline, the Virginia
Division of Natural Heritage ranks A. virginica GS2. GS2 rank is assigned when a
species is very rare and imperiled with 6 to 20 occurrences or few remaining
individuals; or because of some factor(s) making it vulnerable to extinction (Ludwig,
1992).

Aeschynomene virginica grows to a height of 1.0-2.0 meters and is normally
single stemmed, but sometimes branches near the top. The leaves are even-pinnate,
2-12 cm long and consisting of 30-56 leaflets, each of which are 0.8-2.5 cm long and
0.2-0.4 cm wide. Flowers are irregular, legume-type, and yellow, with red streaks;
they measure 1.0-1.5 cm across. The flowers grow in racemes 2.0-6.0 cm long. The
fruit is a 3.0-7.0 long legume which is narrowly scalloped on one side (Ware, 1991).
Aeschynomene virginica is often mistaken for two other members of the genus, A.
indica and A. rudis, neither of which are native to the United States (U.S. Fish and
Wildlife Service, 1992). A. virginica has a longer fruit stipe than the other two
Aeschynomene species, and this trait can normally be used to accurately identify the
species (Perry et al., 1998). Numerous weed science publications have mistakenly
referred to A. virginica as an agricultural pest (Smith et al., 1973), most likely
intending to refer to A. rudis instead. Isoenzyme studies conducted by Carulli and
Fairbrothers (1988) confirmed that all three are separate species and do not undergo

inter-specific hybridization.
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Aeschynomene virginica seeds germinate from late May to early June; the
plants flower from July through September and occasionally October. In greenhouse
studies, bagged flowers self-pollinated at a rate of 13%, but outcrossing also occurs
(Davison and Bruderle, 1984). Fruit production occurs concurrent with flowering,
from August to late October, declining significantly by mid- October. Seed
maturation begins in August and continues until the end of October (U.S. Fish and
Wildlife Service, 1992). Rouse (1994, 1995) estimated average seed output ranging
from 324 to 1,383 seeds/plant. In his work on the Mattaponi River in Virginia, Rouse
(1994) observed that the number of seeds produced per plant was significantly larger
for populations located at the upstream section of the species’ distribution. He
hypothesized that this could be a result of the proportionately longer influx of fresh
water at these sites.

Rouse (1994) noted considerable herbivory upon the young seed pods by Corn
Earworm (Heliocoverpa zea) and Tobacco Budworm (H. viriscens) and believes that
these insects prey upon Aeschynomene in August, when corn, their usual food source,
has already been harvested; he calculated that 43% of the seed pods had been preyed
upon. In addition, he observed that several joint-vetch plants had been chewed at the
base, most likely predation by small mammals.

In Virginia, Aeschynomene virginica is often found on sandy and muddy
banks bordering tidally-influenced rivers (Gleason and Terwilliger, 1991; Cronquist,
1991; Hershner and Perry, 1987). These stream channel banks are, in some regard,
very stressful environments; the tides scour the marsh bank and accrete new
sediment, removing the seeds and rhizomes of many perennial species (Parker and
Leck, 1979; Whigham et al., 1979). However, the same conditions that may inhibit
the growth of other plants leave space for an annual species such as Aeschynomene to
germinate in the late spring (Belden and VanAlstine, 1998; U.S. Fish and Wildlife
Service, 1995). Plants are sometimes found in marsh interiors, especially when the
area’s vegetation has already been disturbed due to storm scours, muskrat ‘eat outs’
and other effects. Most of the plants in the Maryland Eastern shore populations are
located in the interior of the marsh rather than bordering the river (Tyndall et al.,

1996); but it has not been determined if this is due to muskrat herbivory or other
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factors. The controlling factor in joint-vetch distribution seems to be lack of
competition from other plants. (Dunscomb et al., 1997; Tyndall et al., 1996; U.S.
Fish and Wildlife Service, 1995; Rouse, 1994) This is most likely important early in
the growing season, as seedling establishment is the riskiest and most competitive
stage of a plant’s life history (Leck and Simpson, 1993). However, micro-
environmental variations could also play an important role in determining
distribution. (U.S. Fish and Wildlife Service, 1995) Factors such as salinity and
inundation period might not directly determine the distribution of sensitive joint-
vetch, but could be critical for other plant species that normally compete with
Aeschynome for habitat space. Rouse (pers. comm.) believes that the water-shed
scale joint vetch population fluctuations correspond to the yearly salinity levels in the
river. In high salinity years, the fleshy, broad-leaved species such as Peltandra
experience stress and die back earlier, leaving more space for Aeschynomene
seedlings.

Although a great deal of information has been gathered regarding A.
virginica’s distribution, much work needs to be done in order to determine exactly
what determines the location of this species’ essential habitat and what specific
environmental factors critically affect this plant (Dunscomb ez al., 1996).

One of the critical actions in the sensitive joint vetch recovery plan developed
by the U.S Fish and Wildlife Service (1995) is to “determine the ecological and
distributional characteristics and requirements of the sensitive joint-vetch.” Delisting
(from the federal list of threatened species) can only be considered after, among
several other factors, the “life history and ecological requirements of the species are
understood sufficiently to allow for effective protection, monitoring, and, as needed,
management.”

In the meantime, the U.S. Fish and Wildlife Service is also surveying for new
populations and establishing monitoring techniques for existing habitat sites. At
present, most joint-vetch surveying and monitoring efforts have been conducted on
foot or more often, by jonboat. These techniques are extremely time consuming and a
more efficient methodology is needed. Remote sensing technology, although not

presently sensitive enough to detect at the scale of a single joint-vetch plant, holds
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potential for locating areas of potential habitat within the marsh, regions that future

surveys and restoration efforts could focus upon.
Remote Sensing

“...Remote sensing is the science of deriving information about an object
from measurements made at a distance from an object, i.e., without coming into

contact with it...” (Swain and Davis, 1978)

Remote Sensing Techniques

Remote sensing is a powerful energy measurement tool being used by
scientists, resource managers and others to collect data in the electromagnetic
spectrum that possesses quantitative information about a specific object or location.
Remote sensing is often used to classify or examine large areas, when traditional field
sampling would be too time-consuming and/or expensive. Remote sensing data can
be obtained relatively cheaply and easily, although collection can be constrained by
sensor availability, depending upon the platform chosen. Remote sensing is also used
for situations where field collection would be too dangerous or is prohibited in some
way, such as on certain sections of U.S. military installments.

Remotely sensed images often somewhat resemble traditional aerial
photography, but with the notable difference that the remotely sensed picture frame is
broken into a grid of pixels, each of which contains numeric information about the
image contained within. Because of this quantitative nature, remotely sensed data can
be statistically analyzed and compared; the data is often correlated with more
traditional ecological or geological studies conducted in the field. Indeed, remotely
sensed data should always be ground-truthed whenever possible, in order to calculate
the accuracy of the resulting analysis.( Lillesand and Kiefer,1994; Congalton,1988)

Remotely sensed data can be categorized according to two basic approaches,
supervised and unsupervised classifications. In unsupervised classification, the

computer determines the pixel groupings; the analyst merely specifies number of
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categories and assigns descriptions to the resulting categories. In supervised
classification, the analyst chooses ‘training sets’ that will be used to categorize the
remaining pixels in the image. Many studies use a combination of supervised and
unsupervised classification techniques in order to achieve the most accurate results
with the least amount of processing effort. (Lillesand and Keifer, 1994)

Remotely sensed imagery may be obtained from several different sources that
utilize either aerial or satellite based platforms. The choice of platform depends upon
the project’s requirements over several scales: spatial, temporal, and radiometric
(Lillesand and Kiefer, 1994). As with everything else, cost also plays a factor. When
mapping Caribbean coral reef habitat, Mumby et al. (1997) found Landsat Thematic
Mapper (TM) likely to be the most cost effective sensor for mapping habitat areas
greater than 60 km, when compared with SPOT XS and Landsat MSS. In another
paper, Mumby et al. (1999) found SPOT XS to be the most cost effective satellite
sensor for mapping coastal areas less than 60 km. CASI (compact airborne
spectrographic imager) was significantly more accurate than satellite platforms in
classifying detailed habitat information (i.e. >9 reef classes, in this study). However,
it would be quite expensive to obtain CASI imagery over the same size area as
provided by satellite platforms.

At present, the LANDSAT Thematic Mapper (TM) and SPOT sensors are the
predominate commercial satellite remote sensing systems. LANDSAT TM, the most
recently launched satellite in the LANDSAT series, can record images in seven
different spectral bands, with a spatial resolution of 30 m. The SPOT satellites have 3
multispectral bands that have a pixel size of 20 m and one panchromatic band with
spatial resolution of 10 m. For each specific location on the earth, data can only be
obtained from these satellites at certain points in their orbits and when the weather
conditions are satisfactory. The LANDSAT satellite only passes by each point once
every 16 days; because of its pointable optical system, SPOT can obtain images
somewhat more frequently. However, neither of these satellite platforms are very
useful for attempting to capture events during very specific time periods, such as a
flash forest fire, unless the sensor happens to be at the right place and the right time.

NOAA Advanced Very High Resolution Radiometer (AVHRR) weather satellites
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obtain images daily, but at a resolution of 1 km. Satellite platforms are extremely
useful for obtaining information over very large scales, such as the Everglades or the
Dismal Swamp. Satellite systems used for intelligence mapping can provide images
with spatial resolutions of 15 cm, but the general public (and scientific community)
does not have yet have access to satellite data at this spatial resolution (Richelson,
1998). Therefore, when a finer spatial resolution (down to 0.25 m2) is called for, or
the image needs to be taken at a specific point in time, an aerial platform can often
better perform the task. (Ramsey et al., 1998; Lillesand and Kiefer, 1994)

Most aerial platforms use multispectral scanners (MSS), selectively collecting
images in several selected spectral bands. These sensors collect images either using
across-track (whiskbroom) scanning or along-track (pushbroom) scanning. Across-
track scanners use a rotating mirror to scan the terrain, while along-track detectors
utilize a linear array of sensors, usually a series of charge-coupled devices (CCD).
Because of their configuration, CCDs ussually have better spatial and radiometric
resolution and higher geometric integrity than mirror scanning systems, although each
of the CCD elements requires calibration. Filters can be applied to the CCD cameras,
changing the portion of the electromagnetic spectrum being sensed, as well as the
width of the bands being recorded. A new generation of Hyperspectral sensors is
coming of age; these sensors record information at 200 or more very narrow data
channels, basically creating a continuous reflectance spectrum at every pixel. These
sensors are able to detect differences that are either outside the range of MSS
scanners or lost within the wider band width (Hardisky et al., 1986). These systems
will greatly increase the quality and discriminatory capabilities of remotely sensed
data, but will also require much more powerful analytical tool to handle the
tremendous amounts of data generated. (Lillesand and Keifer, 1994)

Often, remote sensing data can be utilized most effectively when combined
with field data or other information sources, such as aerial photography, soil surveys,
or topographic maps; also, several different sensor types can be used in one study to

compensate for the limitations of each sensor (Ramsey et al. 1998).

Wetland remote sensing
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Within a wetland, plants can be distinguished by canopy type and cell
structure. Differences in succulence, leaf and stem density, canopy height, stem and
leaf angles, canopy litter, stand density, and total plant biomass often cause
significantly difference reflectances for each species or plant zonation (Zhang et al.,
1997; Hardisky er al, 1986; Best and Wehde, 1981); these reflectance differences
can sometimes be distinguished by certain remote sensors. The degree to which these
differences can be determined using remote sensing depends upon the vegetation
types and spatial scales within a wetland compared to the pixel size of the imagery
(Ramsey and Laine, 1997), as well as the spectral sensitivity of the sensor (Gross and
Klemas, 1986). For example, a marsh with several large, well-defined zones of
homogenous vegetation will most likely be more accurately classified than a marsh
with small patches of heterogeneous vegetation. Sensors with high spectral resolution
(narrow bands) might be able to differentiate between species while sensors utilizing
very broad spectral bands cannot make that differentiation. However, it is very
difficult to have high spatial, spectral and radiometric resolution in one sensor
platform. Improvements in spatial resolution decreases the instantaneous field of
view (IFOV), which weakens the radiometric resolution capabilities of the sensor
(Meyer, 2000).

Spectral reflectance measurements can also vary seasonally. Obviously,
vegetation reflectances will differ dramatically between the growing season and
dormant periods where the vegetation have dropped leaves. However, plant growth
vigor may also impact the spectral reflectance measurements, and therefore the
resultant wetland classification. Dale et al. (1986) found that color infrared (CIR)
photographs taken in the autumn provided bétter discrimination between vegetative
classes on a Queensland salt-marsh than CIR photographs taken in the spring. Even
though the species composition was very similar in both seasons, in that subtropical
climate the salt marsh vegetation was most likely growing more vigorously during the
autumn than in the spring, which created higher reflectance values in the near IR
band. Bartlett and Klemas (1981), working in Delaware salt marsh communities,
found that the greatest spectral divergence between low and high marshes occurred in

December because Salt Hay (high marsh) died off earlier and more completely than
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the Spartina alterniflora (low marsh) populations. The dense mats of Salt Hay debris
left uncovered in winter covered more vertical area and had higher reflectance values
than the sparser, vertically oriented stems of Spartina alterniflora (low marsh) that
remained standing. As with most ecosystem centered remote sensing projects, a
thorough knowledge of the study area or subject’s basic greatly aids study planning
and image interpretation.

Environmental stresses, such as prolonged periods of flooding or toxic metal
accumulation within the soil, can also sometimes be identified in remote sensing
imagery. Many plants respond to stress by altering their pigment content or leaf
structure, for example, the plant yellows or the leaves droop. These physiological
and morphological changes often alter the reflectance values. When the plant’s
chlorophyll begins to deteriorate (eventually leading to the yellowing of the plant),
the chlorophyll will reflect less green light and the reflectance in the red and blue
spectrum will increase; the peak of visual reflectance moves slightly towards the red
region of the spectrum, which is known as a ‘red-shift’. Often stress can be detected
in the near infra-red (NIR) spectrum even before visible changes occur; these NIR
differences are caused by changes in the cell wall-water-air interface. (Rock et al.,
1986; Murtha, 1983) Spartina alterniflora populations in Delaware that were
exposed to high soil salinities had less live leaf biomass and correspondingly
significantly higher red band reflectance values than the Spartina populations that
received higher freshwater input (Hardisky ez al., 1983)

Remote sensing has been utilized in a variety of studies relating to wetlands
policy and management considerations, as well as ecology. Many wetlands are
remote or, by their wet and muddy nature, very difficult to travel across, so remote
sensing can fill a very valuable niche in wetlands science and management. Carter
(1982) groups wetland related remote sensing work into several categories:
identification and classification, mapping and inventory, ecological studies,
hydrologic studies, monitoring, and historical studies. Welch et al. (1999) used a
combination of satellite imagery and aerial photography to create an Everglades

vegetative map database. This database will aid resource managers in monitoring
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hurricane impacts, spread of invasive species, pollution, and water flow patterns
across the vast Everglades National Park.

Aerial remote sensing platforms have been used in several other studies
examining wetlands in the southeastern United States. Meyer (2000) used Digital
Multispectral Video System (DMSV) imagery, which is an aerial based platform, to
delineate Bottomland Hardwood Forests (BLH) inundated and saturated boundaries.
Although the DMSYV technology was not able to delineate the BLH boundary within
the 2.0 m accuracy standard for jurisdictional delineation accuracy, the classification
was a significant improvement over many other currently utilized mapping
technogies.. Goldberg (2000) also used DMSV imagery to map vegetative classes and
conduct accuracy assessment of a Virginia tidal oligohaline marsh. This author
determined that the DMSV imagery was most useful in determining the extent of
Phragmites australis invasion within the marsh, but not sufficiently accurate in
mapping mixed vegetative classes. Jensen et al. (1984) utilized a different aerial
platform, a Daedalus multispectral scanner, to classify a nontidal wetland in South
Carolina. This study had an overall accuracy of 83.5 %, with water and persistant

emergent marsh the categories most consistently classified correctly.

Remote sensing use in habitat identification

Not surprisingly, remotely sensed data has been incorporated into a variety of
studies attempting to identify and map habitat for both plant and animal species.
Sometimes the remotely sensed classification is used by itself, though more often the
classifications derived from remotely sensed imagery are combined with other data
layers in a geographic information system (GIS). The resulting models are used to
evaluate resource management decisions, often for commercially important game
species or for rare and protected plants, animals, and habitats. Herr and Queen (1993)
used GIS and remote sensing techniques to identify potential potential nesting habitat
of sandhill cranes, listed as a special concern species in Minnesota. Lauver and
Whistler (1993) used Landsat TM imagery to identify and map high quality native
grasslands in eastern Kansas. In the process of field checking their classification,

they identified 9 previously unknown natural grassland areas that contained
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populations of the federally threatened Mead’s Milkweed (Asclepias meadii).
Sperduto and Congalton (1996) predicted small whorled pogonia habitat by
combining Landsat TM data with other digital habitat data, such as USGS Digital
Elevation models and USDA Natural Resources Conservation soil types, into a
weighted GIS model. This model accurately identified 78 percent of known whorled
pogonia sites used in testing the model. In addition, field surveys of ‘potential’
habitat sites predicted by the model found previously unknown small whorled
pogonia populations approximately 18 percent of the time.

Stoms et al. (1992) identified two different approaches used in GIS modeling
of species habitat associations: deductive and inductive. When specific habitat
requirements (or factors) are already identified, the deductive approach associates
these habitat requirements to spatial distributions layers containing values for these
specific habitat factors. The end result is a map that depicts various levels of habitat
suitability for the species in question. In contrast, the inductive approach starts out
with a sample of species observations georeferenced to resource factor maps; the
specific habitat requirements for the species in question are not well known. The
output for the inductive approach is a list of factors significantly associated with the
observed species distribution.

Similarly, various methods have been used in determining the association
between remotely sensed image classification and the species or population in
question. Several studies (Stow et al. 2001; Homer et al. 1993) have used remote
sensing to classify the habitat study area and after classification was completed
determined which classes are most closely associated with the species of interest. In
most cases, these classes were then inputted into a GIS-based habitat prediction
model. Other researchers (Lauver and Whistler 1993, Aspinall and Veitch 1993) used
species presence/absence data and grouped reflectance values to directly classify the
remotely sensed imagery and create a probability of occurrence map for the species of
interest. Hepinstall and Sader (1997) believe the latter method to be more accurate,
because general image classifications developed without specific habitat requirements
in mind might not accurately define the relationship between species and habitat and

therefore introduce additional errors into the habitat model. Sperduto and Congalton
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(1996) also used the latter method of isolating the digital reflectance patterns
associated with the forest species small whorled pogonia, but noted that they might
have obtained more accurate results had they classified their forest images into
different species classes and then determined which image classes were significantly
associated with the species in question. However, they did not test this alternative
method, and accuracy assessment of the forest classifications would likely have added
a great deal of time and expense onto their study. As with any ecological study,
researchers need to evaluate the cost and availability of data when formulating study

methodology.



METHODS

Site Descriptions

The vegetative field work portions of this study were undertaken at several
tidal freshwater wetland sites on the Mattaponi River in Virginia: Gamnett’s Creek
marsh, Upper Gum marsh, and a pocket marsh downstream of Melrose landing
(figure 3). DMSV images were also taken of each of these sites, except for Melrose
Landing.

Each of the marshes used in this study has been thoroughly documented as
providing habitat for A. virginica (U.S. Fish and Wildlife Service, 1995; Rouse, 1994
and 1995; Perry, 1993), and numerous A. virginica plants were found at each of these
sites during the study period. The nearest tidal gauges to these study sites were
located at Walkerton and Wakema. The mean tidal range at Walkerton is 3.9” and the
spring tide range is 4.5’. Because of tidal amplification caused by the Mattaponi
river’s morphology, Walkerton has the largest tidal range in the Chesapeake Bay.
Wakema’s mean tidal range is 3.4’, and the spring tide range is 3.9’. (U.S. Dept.
Commerce, 1991)

The Mattaponi River, a tributary of the York, is considered to be one of the
most pristine coastal rivers in Virginia and was listed on the American River’s top 20
endangered rivers of 1998 list, due to a proposed water withdrawal project that is
feared will significantly affect salinity ranges within the river (American Rivers
1998). Brook (1983) reported that salinity regularly intrudes up to Mattaponi River
mile 18, and that the 1970-78 slack water data set showed the 1 ppt salinity halocline
to travel as far as 25 miles upstream from West Point. The Garnett’s Creek marsh
sites are located well upstream of both of these points, so these sites are not likely to
often experience significant salinity intrusions. The 1 ppt salinity halocline might

occasionally reach the Upper Gum marsh site, approximately 27 river miles upstream
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from West Point, especially if sea level rise has increased the upstream reach
of salinity intrusion. The Melrose Landing study site, located in a pocket marsh
approximately 18 river miles upstream from West Point, very likely experiences
regular salinity intrusion.

Garnett’s Creek marsh, a 176 acre wetland in King and Queen County, was
the location of two vegetative study sites. This marsh is approximately 5 river miles
downstream of Walkerton, VA. Priest et al. (1987), in their county-wide tidal marsh
survey, categorized the marsh as a ‘Freshwater Mixed Community’ (type XI in the
Guidelines for Activities affecting Virginia Wetlands.) That study noted a variety of
species within this marsh: pickerelweed, arrow arum, wild rice, smartweed sp.,
tearthumb, rice cutgrass, walter’s millet, swamp milkweed, arrowhead, jewelweed,
and bidens spp.

This marsh is the largest Aeschynomene-containing wetland on this river
system, and has consistently had a relatively large joint-vetch population, so it was
decided to divide the marsh into two study sites so as to have more sites available for
Aeschynomene habitat signature generation and image analysis. One study site, for
the purposes of this study known as ‘Garnett’s Creek — lower’ or GCL, was located at
the patches of Aeschynomene that were the furthest downriver within Garnett’s Creek
marsh. The ‘Gamnett’s Creek — upper’ (GCU) study site was located at the upper
reaches of previously documented Aeschynomene sightings within the marsh

Upper Gum Marsh (UG), a 214 acre wetland in King William County, was
also labeled as a type XI ‘Freshwater Mixed Community’ in the VIMS Tidal Marsh
Ihventory (Silberhorn and Zacherle, 1987). The study noted a variety of species
within the marsh complex, with pickerelweed, arrow arum, cattails, wild rice, and
sweet flag predominating.

Melrose Landing (ML), a 6 acre pocket marsh adjourning a small creek just
downstream from the Melrose Landing public boat launch site in King and Queen
County, was also described as a type XI ‘Freshwater Mixed Community’ by Priest ez
al. (1987). That inventory found pickerelweed, arrow arum, wild rice, and bidens

spp. to be most abundant within the marsh.



24

Vegetation data collection

Sampling dates and plot locations

Vegetation was sampled twice at each of the four ecological study site: once
in summer (June 14-July 27, 2000) and once in early autumn (August 20 — October
19, 2000). These vegetative sampling periods were planned to coincide with the
expected DMSV flight dates, as it was originally intended to use vegetative
community data from the sampling plots to directly classify the DMSV imagery.
After further analysis, it was determined that other classification methodologies
would moré accurately fulfill the purposes of this study. This will be discussed
further below. However, the vegetative data was also used to statistically characterize
the vegetative communities associated with A. virginica at various times in its
growing season, as this had not yet been accomplished in previous studies on the
species. Table 1 lists the vegetative sampling efforts that corresponded to each flight
date.

The basic vegetative sampling design was to compare the vegetation of marsh
areas where A. virginica was normally found to other marsh sections where A.
virginica had never been found growing. It was hypothesized that examining the
similarities and differences in vegetative community structure would provide insight
into A. virginica’s habitat requirements and limitations. At each study site, the
Aeschynomene berm habitat areas were compared to 1. adjacent, ‘comparison’ marsh
berm areas where A. virginica had never been found growing and to 2. ‘interior
marsh’ areas that also had never been documented as providing habitat for A.
virginica.

Because A. virginica is a threatened species, great care was taken to impact
the sites as little as possible. Several 10m long by 4m wide plots were established on
the banks of each study site, between the waterward limit of the marsh and the higher
levee. Perry (1991) described this region of the marsh as the ‘creek zone’. Figure 4
shows the placement of study plots in reference to the marsh berm. The plots were 4m
wide, because preliminary observations at these sites in the late summer/fall of 1999

had noted that A. virginica usually occurred within the first 3-5 m inland from the
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marsh edge. Rouse (pers. comm.) also confirmed that in the Mattaponi river system
A. virginica has only been found on the banks of tidal creeks, not inland within the
marsh as in some other sites. Similarly, preliminary observations had determined
that Aeschynomene tended to occur in clumps along the marsh border and it was
estimated that 10m would usually cover the majority of plants within a clump but not
include excess area outside the clump. Therefore, the long edge (10m) of the sample
plot was set along the border between marsh and channel, so that the sample plot
covered the majority of the marsh border area where A. virginica grew. The inner
marsh sampling plots retained with same plot orientation with the 10m edge parallel
to the river.

In most cases, this methodology did result in most of the Aeschynomene plants
being contained within the area of the sampling plot, but placement of the sampling
plots, especially for the non-Aeschynomene ‘comparison’ sites, was probably too
dependent upon the researcher’s personal judgement, rather than more objective
physical characteristic such as creek zone slopes. However, as previously noted, not
much is known about A. virginica’s micro-habitat requirements, so it was difficult to
formulate more objective criteria for locating the study plots.. In retrospect, it would
have been better to sample vegetation using transects run parallel to the marsh bank
rather than sets of 10m x 4m plots, but the plot samples were originally designed
primarily for use in classifying the remotely sensed imagery and transect data would
not have been as effective.

Figure 5 depicts the placement of the 10 m by 4m sampling plots within each
study marsh. This figure is labeled as the ‘planned layout’ because various
circumstances forced alterations of the sampling scheme at several of the sites,
especially during the summer sampling period. However, the basic concept of
comparing ‘Aeschynomene’ plots to ‘Comparison’ berm plots and marsh ‘Interior’
plots remained constant throughout the study.

As described above, 10m by 4 m vegetative sampling plots were sited on the
berms of marsh sections where previous researchers (Rouse and Perry, pers. comm.)
had found Aeschynomene plants growing in previous years’ surveys. Berm plots

from these sections of the marsh were labeled ‘Aeschynomene’, even though A.
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virginica was not found within every individual sampling plot on the joint-vetch
habitat marsh berm. Sampling plots were also sited on the berms of adjacent marsh
sections where A. virginica had never been found. These plots were labeled as
‘Comparison’ plots. Melrose Landing did not have any suitable comparison marsh
area. Also, the July ‘comparison’ sampling was not completed as planned because
the marsh canopy cover changed dramatically the last few weeks of July 2000, before
the planned sampling was completed. A mid-summer change in cover was expected,
because the higher summer temperatures combined with competition from annual
species cause the dominant Peltandra virginica to yellow and die back, while the
annual spebies grow rapidly and form a dense canopy overhead (Odum et al., 1984).
However, during the summer of 2000, this change was hastened by a caterpillar
infestation within the marsh. The caterpillars favored fleshy species such as
Peltandra and Pickerelweed and their grazing drastically changed the composition of
the marsh canopy within a period of a few weeks, rendering any pre- and post-
caterpillar vegetative cover comparisons between different sites invalid.

10m by 4 m vegetative sampling plots were also sited in the interior marsh
areas of each study site, except for Melrose Landing. These plots were labeled as
‘Interior’. Three transects were established at each joint-vetch sampling location.
The transects ran perpendicular to the river bank, with 2 or 3 plots to a transect. The
plots were located approximately 25m, 50m, and 75m from the river bank. As
mentioned above, only about one half of the intended July interior marsh plots were
sampled because caterpillar grazing completely changed the canopy coverage before

sampling had been completed.

Vegetative cover sampling

Cover was determined using a modified Daubenmire scale, because this
method minimizes the effect of human error and variation (Daubenmire, 1968;
Mueller-Dumbois and Ellenberg, 1974; Perry, 1999). Each 10 x 4 plot was divided
into a grid of 40 1’x 1’ subplots and either S or 10 subplots were randomly selected
within each plot for vegetative cover class sampling. Ten subplots were taken at all

of the berm sampling plots.
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Within each 1 m® subplot quadrat, vegetative cover was estimated for each
species as a value of 1 to 100 % or trace, according to the area within the quadrat that
the species covered. The cover percentages were used to assign each species to a
corresponding modified Daubenmire cover class (Table 2) and the mid-point of the
respective cover classes was used in the calculation of species importance values as
described below.

Because this data was originally intended for remote sensing classification
purposes, only plants that would be visible when viewed from directly overhead of
the sampling plot were included in the cover estimates. Percent cover for the
vegetativé under layers were not estimated, as it was reasoned that these layers would
not greatly affect the reflectance characteristics of the plot. This reasoning might not
have been entirely correct, because windy conditions might change the leaf
orientation of the upper vegetative layer, leaving the underlayers visible from an
aerial perspective. On the other hand, it would be very difficult to systematically
account for the possible effect of windy conditions and in most cases, the plot’s
understory was dominated by the same species as on the top vegetative layer, so this
upper layer cover sampling system was sufficient for remote sensing purposes.
However, it should be noted when comparing the results to those of other tidal
freshwater marsh vegetative studies that this sampling method most likely slightly
underestimated the total species diversity within each plot.

Percentage of bare ground was also included in the cover estimation because
the amount of bare ground visible from overhead could very likely have significant
impact upon a plot’s reflectance values. Also, as previously discussed, several
researchers have theorized that A. virginica is inhibited by competition with other
plant species and noted that the species is most likely to grow where river scouring or
muskrat eat outs have removed vegetation. Therefore, estimating vegetative cover
without taking into account the percentage of bare ground might miss one of the most

important factors determining the presence or absence of A. virginica.

Vegetative statistical analysis
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The importance value of each species was determined by adding its relative
dominance and relative frequency values as calculated by the following formulas (Per
ry and Hershner, 1999; Atkinson et al., 1993; Mueller-Dombois and Ellenberg,
1974):

Relative frequency = Frequency of a species *100

Sum of the frequencies for all species

Relative dominance = Species coverage *100

Sum of coverage values for all species

Species importance values were determined for every species within each vegetative
sampling plot.

Principal Components Analysis (PCA), a multivariate statistical technique,
was used to visualize the trends and differences within the vegetative data set during
both sampling periods. PCAs were run using S-plus software by MathSoft, Inc.

Like other multivariate ordination techniques, PCA arranges the data in
multi-dimensional space so that points corresponding to sites with similar species
composition are located close together. The distance between 2 points corresponds to
the difference in species composition at the sites that these points represent. PCA
then reduces the complexity of large data matrices by generating new axes (i.e.
components) that more efficiently explain the variation present in the original data
set. The first principal component axis explains the highest percentage of
environmental variation, the second axis explains the next largest portion of the
environmental variation that was not explained by the first principal component, and
so on until all the environmental variation is accounted for. Usually there are as
many principal components as the number of original variables, but it is only
necessary to look at the first several principal components, as these explain most of
the variation within the data. PCA, by itself, does not determine the relationship

between variation within the data set and other environmental factors, but it can
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greatly aid subsequent environmental interpretation. (MathSoft, Inc., 2000; ter

Braak, 1995; Pielou, 1984; Guach, 1982)
Imagery and Radiometric Collection

A Digital Multi-Spectral Video (DMSV) sensor, developed by SpecTerra Ltd.
and the U.S. Army Corps of Engineers Topographic Engineering Center (CETEC),
was used to record the aerial imagery. This DMSV is composed of four Cohu series
4800 cameras that are integrated into a single optical head. Each camera has a narrow
bandpass filter, so the user can choose to focus upon specific wavelength segments of
the energy spectrum. For this study, the cameras were outfitted with filters at 450 nm
(blue), 550 nm (green), 680 nm (red), and 770 nm (near infrared); each camera
collects data from a band approximately 20 nm wide around the filter setting. The
DMSYV image pixel array is 740 columns by 578 rows. (Anderson et al., 1997)
DMSYV imagery was collected on October 6, 1999 and July 15, 2000. During the
October 6™ collection flights, one image was taken at each of the following marsh
study sites on the Mattapohi River: Garnett’s Creek — upper, Garnett’s Creek —
lower, and Upper gum. The July collection flight obtained images ét Garnett’s Creek

— lower and Upper Gum marshes.
DMSYV Image Processing and Data Analysis

Analysis of the DMSYV imagery can be divided into nine major steps: 1.
georectification, 2. radiometric correction, 3. generation of new band combinations
4. unsupervised classification and masking of non-marsh areas 5. creation of AOIs
(area of interests) delineating Aeschynomene habitat areas 6. band selection, 7.
digital number analysis 8. image recoding/map creation, and 9. accuracy

assessment.

Georectification
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Georectification is the process of correcting the geometric distortion within
the remotely sensed imagery (Lillesand and Keifer, 1994). During this process, the
images were also projected into geographic coordinate space, so that each pixel is
aligned with a known position on the ground. The DMSYV images were geometrically
rectified to 1994 color infra-red digital ortho quarter quadrangle (DOQQ) imagery
using the nearest neighbor technique because this approach minimizes the effect of
resampling on pixel spectral values (Campbell, 1996). The DOQQ imagery is of 1
meter resolution and considered accurate to within several meters. All DMSV images
were projected into geographic coordinates using a 2" order polynomial algorithm
with the following features: UTM projection, GRS 1980 Spheroid, Zone #18, and
NADS83 Datum. All images were georectified using 6 or more ground control points
and had resulting total root mean square (RMS) errors less than 1.0 pixel (Appendix
A). RMS values measure the accuracy of the georectification procedure; values less
than 1.0 are considered acceptable. Ground control points were chosen using docks,
ducks blinds, large trees, and other stable features easily identifiable on both sets of
images. The georectification accuracy was checked by comparing GPS coordinates
collected for several of the ground control points with the coordinates obtained from
the geocorrected imagery. The GPS and image coordinates were within 2 to 3 meters
of each other at each ground control point. This was an acceptable level of accuracy,

because the GPS units used are only able to obtain coordinates accurate to within

several meters.

Radiometric Correction:

Radiometric correction converts the raw digital numbers (DNs) for each pixel
into absolute radiance units. This operation is necessary when comparing values
obtained from different sensors or from images taken on different dates, as in this
study. (Lillesand and Keifer, 1994) The DMSV imagery was normalized to percent
reflectance values. This operation corrects for brightness value variation due to
atmospheric attenuation and variations in plane platform angles and movements.
Styrofoam targets, painted in shades of grey with known reflectance values, were

placed on the study site prior to each DMSV image collection. These targets were
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located on the resulting imagery, and the digital numbers from the targets were used
to create an equation modeling the relationship between reflectance values and
DMSYV digital numbers. For several of the flight dates, the darker targets could not
be located on the imagery, so the dark ‘end member’ methodology noted in Goldberg
(2000) was used to prevent bias and gain from distorting the correction. A pixel from
the Mattaponi river was selected; reflectance for this river pixel was assumed to be
5% in the infrared band. The reflectance of water in the other 3 bands was computed
using the ratio (DN1/DN2 = Ref1/Ref2), where DN1 is the digital number of water in
each band, DN2 is the digital number of a given target, and Refl and Ref2 represent
the respective reflectances of the water and the target. Four regression equations (one
for each DMSV band) were generated for the October 1999 flying date (appendix A)
and applied to each pixel within the corresponding images. The resulting
radiometrically corrected bands were combined into a new multiband image which
was used in further calculations .

The July 2000 DMSYV imagery was not radiometrically corrected because
there were not enough ground targets with known reflectance values visible within
the irhages.

Figures 6-10 show the geometrically and radiometrically corrected October
and July Mattaponi Study Site DMSV imagery before further processing was applied

to the images.

Band generation

Three additional derivative spectral bands were created using band ratioing
and principal components analysis techniques and used for image analysis in addition
to the existing 4 DMSV bands.

Band ratioed images are created by dividing one band, or combination of
bands, by another band (or combination of bands). Among other uses, certain band
ratios have been used to enhance the spectral variation in an image, differentiate
between stressed and non-stressed vegetation, and distinguish between different
densities and types of vegetation (Campbell, 1996; Lillesand and Keifer, 1994).
Previous studies (Sperduto, 1993; Stenback and Congalton, 1990) have found the
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Landsat TM band rations 4/3 and (4-3)/(4+3) useful in improving vegetative analysis,
so the corresponding DMSV band ratios 770/680 and (770-680)/(770+680) were
generated for this analysis. The latter ratio, Landsat TM (4-3)/(4+3), is commonly
called the normalized difference vegetation index (NDVI) and is used worldwide in
monitoring vegetation (Jensen, 1996).

Because bands 680 and 770 had some pixels with the digital number of zero,
the number one was added to each band in order to keep the ratio from ‘blowing up’
because of division by zero (Jensen, 1996). For example, the 770/680 band ratio was
calculated as (770+1)/(680+1). Also, it was necessary to multiply the resulting ratios
by a constant in order to fully utilize the imagery dynamic range (Schriever, 1992;
Sperduto, 1993).

Principal component analysis (PCA) is used to compress redundant data into
fewer bands. Because Landsat TM bands 1, 2, and 3 are highly correlated, PCA
analysis is often used to transform into these bands into an additional band useful for
data analysis (Jensen, 1996). In this study, the first principal component was derived

from the three visible bands (450, 550, 685) of the DMSV imagery.

Masking

Forty classes were generated from each DMSV image using the ISODATA
unsupervised classification technique. Statistics were generated using the ISODATA
algorithm in Erdas, with the convergence threshold set at 95%. The classes were
compared to the original DMSV scene and using the analyst’s knowledge of the
scene, merged into three land cover types: forest, water, and marsh. The forest and

water classes were used to mask non-marsh areas from the scene.

AOI Creation

The location for patches of A. virginica plants was located in the
DMSV imagery using GPS coordinates obtained during the fieldwork portion of this
study. An Area of Interest, AOI, was generated around the coordinates for each A.

virginica patch in order to determine the spectral characteristics of the marsh areas
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where Aeschynomene was most likely to be found. Additional AOIs were generated

at random sites in the marsh that did not contain A. virginica.

Band Selection

Several methods were used to determine which bands would best separate the
Joint-vetch areas from the rest of the marsh. For each marsh (GCU, GCL, and UG), a
spectral pattern analysis was conducted comparing the mean reflectance values from
the Joint-vetch and the random non Joint-vetch AOIs.

For the October 1999 imagery, visual inspection of the spectral pattern plots
(Figures 11-13) showed that Bands 770 differentiated very well between the mean
digital values of the two categories in all 3 marshes. However, Band 680 also
distinguished between the two categories in both the GCL and the UG images.
Transformed divergence tests identified band 680 as the band that maximized
separability between the two categories in the GCL and UG imagery. However, the
transformed divergence test confirmed that band 770 maximized separability in the
GCU upper imagery. Therefore, bands 770 and 680 were both utilized in subsequent
analysis.

For the July 2000 imagery, visual inspection of the spectral pattern plots
(Figures 14 and 15) indicated that bands 770 and the NDVI composite band were
most likely to differentiate between joint-vetch and non joint-vetch AOIs. Euclidean
distance tests confirmed that these two bands maximized the separability between the
two categories in both the GLC and UG imagery. However, it was determined that
most of the variation in the NDVI band was probably due to the influence of band

770, so only band 770 was utilized in the subsequent image analysis.

Digital number analysis

The percentile distribution of digital reflectance which best discriminated
between marsh areas where Aeschynomene was present and the rest of the marsh was
used to weight the digital numbers in the imagery to reflect their potential to identify
potential A. virginica habitat. In the October imagery set, signature histograms of

bands 680 and 770 were plotted for each individual Joint-vetch and non Joint-vetch
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AOIs. An example of the histogram for a joint-vetch AOI in the October 1999
Garnett’s Creek — lower marsh imagery is shown in figure 16. Digital number
frequency was tabulated for both Joint-vetch and non-Jointvetch classes at each
marsh.

The DN frequency was divided by the number of AOIs in each class in order
to obtain the percent frequency; the percent frequencies were then plotted for bands
680 and 770 (figure 17 and 18). For each digital number, the percent frequency value
of the non Joint-vetch class was subtracted from the percent frequency values of the
Joint-vetch class. If certain digital numbers occurred with significantly higher
frequency in Joint-vetch AOIs than non Joint-vetch AOQIs, then these digital numbers
could possibly be useful for locating additional areas of likely joint-vetch habitat
within the imagery. This of course assumes that these digital numbers correspond to
some habitat factor on the ground that relates to the presence of A. virginica within
certain areas of the marsh. This assumption will be further examined in the
discussion portion of this paper.

Only digital numbers that occurred more often in Joint-vetch AOIs than non
Joint-vetch AOIs were considered useful in distinguishing A. virginica habitat from
the rest of the marsh. These digital numbers were labeled ‘likely habitat’ (or LH) in
the subsequent image recoding. Digital numbers that had a spread of 50 percent or
greater between the JV and NJV habitat were labeled ‘most likely habitat’, or MLLH.
For example, DN 24 occurred within 80% of the Joint-vetch AOI plots, but only AZO%
of the Non Joint-vetch AOI plots in the September 1999 GCL band 680 image; this
was a spread of 60%, and therefore all pixels with the digital number 24 in band 680
were labeled ‘most likely habitat’ in the subsequent GCL image recoding. The range
of LH and MLH for each marsh images were plotted in Figure 19 (October 1999 band
680), figure 20 (October 1999 band 770), and figure 21 (July 200, band 770). All
digital numbers that were not labeled LH or MLLH were considered ‘low habitat
potential’ or LHP.

The original study plan called for using the range of digital numbers
identifying the Aeschynomene habitat at one site to create a weighting scheme that

would be used to classify potential Aeschynomene habitat at other sites. In remote
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sensing literature, this concept is referred to as ‘signature extension’. It is assumed, if
the images are properly radiometrically corrected, that an analyst can define a
particular DN signature range as being indicative of a certain class and that each

class’s signature will be then applicable to any scene within a region.

Image recoding, Map Creation, and Accuracy Assessment

These steps will be described in the results section.

LANDSAT TM Data analysis
N

It was not economically or practically feasible to acquire DMSV imagery that
would cover all potential A. virginica habitat sites within the Chesapeake Bay
watershed. Therefore, two Landsat TM satellite images taken on March 24, 2000
(path 15, row 33 and 34) were used for large scale map creation. Spring imagery was
chosen because previous researchers (U.S. Fish and Wildlife Service, 1995) have
theorized that A. virginica cannot compete with other marsh plants and is therefore
dependent upon the availability of bare ground, due to winter scouring or other
factors, early in the growing season. These sections of bare ground might be
distinguishable within the spring satellite imagery, thereby identifying areas more
likely to provide habitat for A. virginica.

A very similar process to that described above was used to analyze the
Landsat imagery, except that it was not necessary to perform the first two steps —
geometric and radiometric correction — on the Landsat imagery. Analysis of the
Landsat imagery can be divided into nine major steps: 1. mosaicing the upper and
lower Bay images together 2. generation of new band combinations 3.
unsupervised classification and masking of non-marsh areas 4. creation of AOIs
(area of interests) delineating Aeschynomene habitat areas 5. band selection, 6.
digital number analysis 7. image recoding/map creation, and 8. accuracy

assessment.

Mosaicing
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The upper and lower Bay images were mosaiced together using the Erdas
mosaic tool (Figure 22). It might have been more accurate to classify the images
separately before mosaicing them together except that there were relatively few A.
virginica site locations in the upper Bay imagery and any resulting classification

would have been generated using too few data points.

Band Generation

Three new bands were generated using band ratioing and principle component
-analysis techniques: IR/R (Band 4/ band 3), NDVI (Band 4 — Band 3/ Band 4 + Band
3), and Band 5/Band 4. These new bands were added to the existing 6 bands as Band

7, 8, and 9, respectively.

Masking

The Masking process was very similar to that explained above for the DMSV
images, except more unsupervised classes were generated because it was assumed
that the larger scene would be more complex, with many more types of cover. One
Hundred classes were generated from the mosaiced Landsat image using the |
ISODATA unsupervised classification technique. Statistics were generated using the
ISODATA algorithm in Erdas, with the convergence threshold set at 95%. The
classes were compared to the original Landsat image and the analyst determined
wh‘ich classes corresponded to the marsh regions in the scene. The rest of the classes

were used to mask non-marsh areas from the scene.

AOI Creation

‘The analyst did not have first hand knowledge of all the Aeschynomene habitat
sites throughout the Bay watershed, so Virginia Department of Natural Heritage site
information and maps showing the location of extant and historical locations of A.
virginica within Virginia were used to generate AOIs within the imagery and assess
the accuracy of the resulting classification. These maps and site information records
were obtained from the FWS joint-vetch files. The analyst did not have access to

Maryland joint-vetch data, so those sites were not included within this analysis.
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Figure 23 shows the location of extant and historical A. virginica locations within the
Virginia portion of the Chesapeake Bay watershed, highlighting those Aeschynomene
sites which were used for this classification development. Ten joint-vetch sites were
used for generating the classification and all of the sites were included in final
accuracy assessment. In addition, 60 randomly selected marsh sites were used to
generate comparison AOIs. None of these sites had ever been noted to contain
populations of A. virginica.

The seed function in Erdas AOI tools was used to generate the AOI areas for

each joint-vetch and non joint-vetch sites.

Band Selection

A spectral pattern analysis was generated that compared the mean reflectance
values from the joint-vetch and random non-joint-vetch AOIs (Figure 24). Visual
inspection determined that Landsat Bands 5 and 6 would likely be the most useful in
distinguishing between the two categories. Euclidean distance tests confirmed that

Band 5 maximized the separability between the two classes.

Digital Number Analysis

A very similar process to that described in the DMSYV section was used to
determine which digital numbers best discriminated between joint-vetch and non
joint-vetch regions within the Landsat scene. Signature histograms of bands 5 and 6
were plotted for each individual joint-vetch and non joint-vetch AOI Digital number

frequencies were tabulated for both categories.

The DN frequency was divided by the number of AOIs in each class in order
to obtain the percent frequency. The percent frequencies were then plotted for bands
5 (Figure 25). As described in the DMSYV section, only digital numbers that occurred
more often in joint-vetch AOIs than non Joint-vetch AOIs were considered useful in
distinguishing A. virginica habitat from the rest of the marsh. Those numbers were

labeled ‘likely habitat’ in subsequent recoding.



Image recoding, Map Creation, and Accuracy Assessment

These steps will be described in the results section.
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RESULTS

Vegetative Habitat Parameters

Mean Importance Value rankings

Tables 3 and 4 list the ten highest ranked macrophyte species (ranked
according to mean importance values) at each of the ‘Aeschynomene’ Mattaponi
River study sites during the summer and autumn sampling periods. Mean importance
values (IV) of the species occurring at each of the Mattaponi River berm sampling
sites for the summer and autumn sampling periods is given in descending order in
tables 5 - 15. Murdania keisak (Asian mudwort), an invasive species, ranked
consistently high. M. keisak was ranked within the top 3 species in the summer at 2
of the berm sampling sites (Table 3) . It was ranked within the top 2 at every autumn
berm sampling site except for GCL-C (Table 4). In contrast, M. keisak was not even
listed as a dominant species at these sites in the previous tidal marsh surveys (Priest et
al., 1987; Silberhorn and Zacherle, 1987). This study indicates that the species has
spread substantially throughout this section of the river system in the past 13 years.
Rouse (1994) also noted M. keisak at both the Garnett’s Creek and Melrose Landing
sites, although not at Upper Gum marsh. The spread of M. keisak did not appear to
have a detrimental impact on the Aeschynomene populations at the study sites, as A.
virginica population numbers were high. Other surveys have also noted the presence
of M. keisak at other joint-vetch sites (U.S. Fish and Wildlife Service, 1995).
However, the long term effect of this invasive species upon the marsh community
remains to be seen. Bare ground also ranked high at all of the berm sampling sites,
possibly because these sites received the brunt of the water scouring and other current
effects.

Peltandra virginica ranked higher in the summer sampling period than the
autumn (Tables 3 and 4) . At GCU-A, P. virginica ranked #2 in the summer (Table
6), but dropped to #10 in the autumn '(Table 9). Similarly, P. virginica had the second
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highest IV (38.80) within UG-A plots during the summer sampling period (Table 5),
but ranked sixth (13.87) during the autumn sampling (Table 13). P. virginica also
ranked second at the ML summer sampling plots (Table 8), but ranked 7" during the
autumn sampling (Table 15). P. virginica did not rank very high at the GCL-A site in
either the summer or autumn sampling periods. Bare ground, Zizania aquatica, and
Pontederia cordata ranked 1, 2, and 3, respectively, during the summer sampling at
GCL-A (Table 6), while M . keisak, Bidens laevis, and L. oryzoides had the three
highest importance values in the fall (Table 11).

Bidens laevis ranking followed an opposite trend of P. virginica at both of the
Garnett’s Creek sampling sites, with importance values increasing as the season
progressed. During the summer sampling period, B. laevis ranked #18 at GCU-A
and #8 at GCL-A, with mean IVs of 1.67 and 9.63, respectively (Tables 5 and 6). In
comparison, during the autumn sampling, B. laevis was within the top 4 ranked

species at both the ‘Comparison’ and ‘Aeschynomene’ GCU and GCL sites (Tables 9
-12).

Plot Separability PCA

PCA analysis confirmed the trends described above. Summer
‘Aeschynomene’ berm plots (Figure 26) showed a distinction between the 4 sampling
marshes, though the low number (or lack of) replicate plots at each marsh weakens
the interpretation. The first principle component axis distinguishes between the sites
where Peltandra virginica was a dominant, GCU and UG, and GCL, where P.
virginica was not a dominant species. The second principle component axis was
weighted negatively by bare ground and positively by Murdania keisak (Figure 27).
This variation separates the GCU plots, which were dominated by M. keisak, from the
GCL and ML plots, where bare ground was more important.

PCA of autumn ‘Aeschynomene’ berm plots (Figure 28) shows a strong
distinction between GCL plots and all of the other marsh sampling sites along the first
principle components axis. Bidens laevis (-.773) weights most strongly on this axis

(Figure 29).
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PCA that incorporated berm and interior marsh plots for an individual marsh
site during either the summer or autumn sampling failed to distinguish between
interior and ‘Aeschynomene’ berm sites. The only exceptions to this were the PCA
run for UG summer plots and the GCL autumn plots (figure 30). Only 2 marsh
‘interior’ plots were sampled at UG during the summer, so the results are not
significant. The second principle component axes of the autumn GCL PCA
distinguishes between ‘Aeschynomene’ and ‘Interior’ plots, but most of the variation
is due to the presence of A. virginica itself, not because of any other habitat
associations. By definition, the ‘Interior’ plots do not have any A. virginica cover.

PCA were also run incorporating only the ‘Aeschynomene’ and ‘Comparison’
berm sampling plots for each of the 3 upriver marsh sites: UG, GCL, and GCU. The
GCL PCA (Figure 31) failed to separate the ‘Aeschynomene’ and ‘Comparison’ plots
at that site. PCA of the autumn berm plots for UG (Figure 32) show a strong
distinction between ‘Aeschynomene’ and ‘Comparison’ plots along the second
principle components axes. For the UG PCA, this axis was weighted primarily by
Scirpus pungens (-.646), bare ground (.372), and Lindernia dubia (-.367). In the
GCU autumn berm PCA (Figure 33), the ‘Aeschynomene’ and ‘Comparison’ plots
were differentiated along the first principle components axis. This axis was weighted
most heavily by pickerelweed (.575) and Bidens laevis ( -.562). The second principle
component also differentiated most of the ‘Aeschynomene’ from the ‘Comparison’
plots. All of the Aeschynomene plots, except for the one dominated by Bidens laevis
(88.4 importance value in this plot), clustered at positive positions on PCA2. Bidens

laevis (-.705) and Murdania keisak (.520) weighted the highest on this axis.

DMSYV C(lassification

Recoding of Images and Generation of Potential Habitat Map
The results of this study did not support the assumption of signature extension
between scenes. When analyzing the autumn imagery set, GCU was the study site

originally used to generate the DN weighting classification, which would then be
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applied to the other two study site images. Bands 680 and 770 were recoded
according to DN weighting scheme (Figures 34 and 35). All of the pixels within the
marsh scene were coded into one of 3 categories: likely habitat potential (LH), most
likely habitat potential (MLH), or low habitat potential. The areas coded LH or MLH
were then overlaid overtop of the original unaltered marsh image in order to easily
view exactly how much of the marsh had been labeled as potential habitat in each
class.

Band 770 generated the most accurate classification, so the October GCU
Band 770 DN weighting was applied to the other two images in order to test the
classification’s application on a broader scale. As shown in Figures 36 and 37, this
DN range did not satisfactorily correspond to A. virginica habitat zones in the other
two marsh scenes.

As previously shown in figure 20, the range of digital numbers in the 3
autumn marsh images labeled as ‘likely habitat’ barely overlapped in band 770.
There was no overlap between ‘most likely habitat’ ranges in band 770. Band 680
(Figure 19) exhibited much more overlap between the three marshes. However the
LH and MLH ranges genérated in band 680 tended to classify an unacceptably large
area of the marsh as possible joint-vetch habitat.

Because of the lack of signature extension between scenes, it was necessary to
generate DN weights specific to each scene and classify each image using its
individual DN weighting in order to examine the differences between the marsh
scenes. Visual inspection of these generated October images shows that Band 680-
generated classifications consistently labeled unacceptably large areas of the marsh as
either LH or MLH (Figures 38 and 39). The autumn GCL Band 770 (figure 40)
classification also tended to classify mostly the marsh berm and creek banks as
potential joint-vetch habitat, but the autumn UG band 770 classifications (vfigure 41)
were not significantly better than the band 680, classifying the vast majority of the
marsh as ‘most likely’ joint-vetch habitat.

Because the July DMSV images had not been radiometrically corrected, no
attempt was made to use one image’s DN weighting to classify the other image. Both

images were weighted individually in Band 770 and classified (figures 42 and 43).
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Accuracy Assessment

The first classification attempt, using autumn GCU band weighting to map
habitat in the other two autumn marsh images, was generally not very useful from
either a producer’s or a user’s perspective. The map generated for UG marsh did not
identify any of the actual A. virginica habitat region (as described by the joint-vetch
AOIs) of the marsh as being ‘most likely’ habitat. The GCL classification was only
slightly better: a total of 5% of the marsh was labeled as likely or most likely
habitat, but only 20% of the GCL joint-vetch AOIs were correctly identified as ‘most
likely habitat’. A researcher attempting to use this classification to seek out A.
virginica habitat would tend to focus their attentions on the upland portions of the
marsh, far away from the marsh banks where the plant is actually found.

It was difficult to determine a fair method for quantitatively assessing the
accuracy of the second DMSV classification because the known joint-vetch regions in
each marsh had already been used to create the AOIs for classification development.
Training data should not be used to assess accuracy, as it is only to be expected that
these pixels will be classified accurately (Lillesand and Kiefer, 1994). Ideally, one of
the images should have been divided into halves, with one half being used for
classification development and the other half used for accuracy assessment.

However, none of the images contained a long enough section of shoreline containing
joint-vetch plants to make this feasible.

To rectify the data shortcoming, a joint-vetch habitat zone was created in
each marsh image. This habitat zone was defined by an AOI covering the entire
shoreline area, 10 m inland from the edge of the marsh, for each marsh section that
Aeschynomene had been documented in during the field sampling portion of this
study. Accuracy was assessed by determining how much of the Aeschynomene zone
was labeled as likely or most likely joint-vetch habitat and by how much of the marsh
outside of the zone was labeled as unlikely habitat. Table 16 summarizes these
results. |

All of the images except GCU-770 classified 60% or more of the

Aeschynomene zone AOI as being ‘likely’ or ‘most likely’ joint-vetch habitat.
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It’s also necessary to examine the amount of marsh that was correctly
classified as ‘not likely’ to provide joint-vetch habitat. Both of the GCU
classifications correctly identified over 90% of the area outside the Aeschynomene
AOI. The GCL classifications were less accurate, correctly identifying 60-75% of the
area outside the AOI. The UG classifications were the least accurate, incorrectly
identifying more of the marsh as ‘likely’ or ‘most likely’ habitat, rather than as not
likely to provide joint-vetch habitat. In all cases, Band 770 classifications more
accurately identified areas outside of the AOI as not likely to provide joint-vetch

habitat.

LANDSAT IMAGES

Digital number analysis, similar to that described above, was used to
distinguish marsh areas most likely to contain habitat for A. virginica. Landsat Band
5 proved most useful in distinguishing between joint-vetch and non joint-vetch marsh
AOIs, and the digital number weighting developed from this band was used to
classify the mosaiced Landsat imagery. The resulting classification (Figure 44) was
too broad, classifying much of the shoreline as A. virginica habitat, even in marshes
where A. virginica had never been found. The shoreline of 31 out of 33 extant and
historic joint-vetch habitat sites were classified as likely to contain A. virginica (table
17), but so was a large portion of the rest of the Chesapeake watershed’s shoreline.
Some of this area was not surveyed for A. virginica populations, and it is possible that
the species may grow there, however much of the area labeled as potential habitat

was either non-marsh pixels or marsh pixels outside of the salinity range where A.

virginica is known to grow.



DISCUSSION

Vegetative factors

The vegetative sampling portion of this study provided an opportunity to
examine the marsh community associated with Aeschynomene virginica. As
expected, a wide variety of species grew within and along the edges of the marsh.
The vegetative data generally confirms previous A. virginiéa studies and surveys
undertaken on the Mattaponi River (Rouse, 1994; Perry, 1993; Rouse, 1993).
Differences in vegetative community associations described by other studies may be
due to variations in delineating the habitat zone for A. virginica. For example, Rouse
(1994) used a “releve” method to estimate cover in plots with approximate
dimensions of 15 x 100 ft. This study used 4m x 10 m plots. In both studies, the
plots were sited adjacent to the marsh edge, within the ‘creek zone’ described by
Perry (1991); however, because Rouse’s study plots encompassed a slightly larger
area, reaching deeper into the marsh, he recorded several species not recorded within
the ‘Aeschynomene’ berm plots of this study, such as Typha angustifolia at the Upper
Gum study site. T. angustifolia was also present at Upper Gum marsh during the
period of this study, but was located further within the marsh than A. virginica
generally grew and therefore was not included within the A. virginica species
associations listed in this study. Several other species follow similar patterns.

Besides the VIMS tidal marsh inventories, which compiled a very broad
summary of species composition at each marsh, there have been very few published
vegetative studies conducted on the Mattaponi River marshes. In contrast, the
Chesapeake Bay Estuarine Research Reserve Program manages Sweet Hall marsh on
the Pamunkey river, an NOAA Estuarine Reserve site, and numerous vegetative
studies have been conducted at that site (Perry and Hershner, 1999; Campana, 1999;
Doumlele, 1981.) The Pamunkey and the Mattaponi Rivers unite at West Point, VA

to
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other in the Pamunkey River system. For this reason, and because of the close
geographic proximity and ecological similarities, it is especially useful to examine the
Sweet Hall data in order to gain insight into the Mattaponi River marsh dynamics.
However, increasing salinity levels may be causing Sweet Hall marsh to transition
from a tidal freshwater to a tidal oligohaline species composition (Perry and
Hershner, 1990) and this could affect possible comparisons between the two systems.

Doumlele (1981) and Perry and Hershner (1999) found that the creekbank
zone was characterized by low species diversity compared to the rest of the marsh.
In contrast, this study identified a wide variety of annual and perennial species
growing along the edge of the Mattaponi river study marsh. This diversity was most
likely due to the elevated levee formed along the river bank, which created a niche for
some of the less water-tolerant annual species (Odum, 1984). Density data was not
collected during this study, so it is difficult to calculate species diversity values or
directly compare species’ importance values with results from Sweet Hall studies.

However, one difference is readily apparent: both Sweet Hall studies noted
Peltandra virginica as dominant in the creek bank zone throughout the growing
season; in this study, P. virginica’s rank declined drarn.atically from the summer to
autumn sampling periods. Annuals such as Murdania keisak and Bidens laevis
dominated the Mattaponi marsh berms during the autumn sampling period. Perhaps
some of this variation is due to differences in marsh berm structure between Sweet
Hall and the Mattaponi river study marshes, since P. virginica exhibited the expected
late season decline throughout the rest of Sweet Hall marsh. Perry (1991) found that
Sweet Hall was did not have a pronounced elevated berm region. As noted several
other times within this paper, previous researchers have theorized that A. virginica is
most likely dependent upon river currents or other scouring clearing out perennial
species from the marsh banks, so it is not surprising that the ‘Aeschynomene’ berm
sites were dominated by annual species late in the growing season; if perennials had
remained dominant throughout the growing season they likely would have shaded out
young A. virginica seedlings before they reached maturity.

Although P. virginica did not persist as a top dominant at any of the berm

sites, during autumn sampling another broad-leaved succulent, Pontederia cordata
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ranked very high at both the GCU-C and GCL-C berm study sites. P. cordata
exhibits an unusually resilient response to leaf tissue loss; laboratory studies have
shown that Pickerelweed rhizomes will cc;ntinue to grow even when 80% of the leaf
biomass is removed biweekly over a two month period (Fox, 2000). Pickerelweed
plants were able to continue producing leaf tissue at these sites even after undergoing
very high levels of caterpillar predation during the month of July while the Peltandra
population never rebounded after the caterpillar infestation. Previous work has
suggested that Peltandra production may be inhibited by late season salinity increases
(Doumlele, 1981), competition with other species, and/or decreasing ambient light
levels (Perry and Hershner, 1999). It could be that pickerelweed is not affected as
severely by these environmental factors, but more work needs to be done studying the
species’ physiological response mechanisms. Doumlele ( 1981) also noted that P.
cordata reached a secondary peak late in the growing season and theorized this was
due to lack of competition from P. virginica.

It was expected that the berm plots would be distinguished by a higher
percentage of bare ground than the interior plots in the PCAs, but this was not the
case. One possible explanation is that the PCA analysis was not strong enough to
pick up on this difference, but these results might also be due to the sampling strategy
employed. First of all, the sampling probably may have begun too late in the growing
season to detect any bare space caused by winter scouring. It would have been ideal
to begin vegetative sampling in May to cbrrespond with the earliest expected date of
A. virginica germination, but this was not possible since the vegetative sampling dates
needed to correspond with the remote sensing flight dates. Secondly, some of the
interior marsh plots actually had a very high percentage of bare ground. These plots
tended to be mixed wild rice/ spadderdock communities growing in wet, low lying
areas with a very soft, probably highly organic soil.

Although some of the PCAs did demonstrate separability between the
‘Aeschynomene’ and ‘Comparison’ berm sampling plots, it is difficult to determine
whether this is due to actual differences between berm areas where A. virginica does

and does not grow, or if these results were biased by the placement of the 4m x 10m

sampling plots.
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Originally, the vegetative sampling design was set up for use in the remote
sensing classifications. Vegetative cover data was designed to be separated into
vegetative community types, which would then be used to train the DMSV imagery.
Therefore, the entire marsh area would have been classified and accuracy assessment
would analyze the results for all of the classes, not just the class containing A.
virginica. However, collecting the cover data took much longer than was originally
anticipated and it was not possible to obtain enough samples with which to conduct a
full-scale supervised classification of these highly diverse tidal freshwater marsh
sites. It was decided not to change the vegetative sampling scheme mid-study, but in
retrospect, a better sampling scheme would have been to run transects along the
shoreline and into the interior of both the Aeschynomene and Comparison marsh sites.
This would have resulted in a much broader picture of the entire marsh, and might
have provided greater insight into which micro-environmental factors tend to

characterize A. virginica habitat.

Predation and other animal interactions

An extremely large caterpillar population was noted in the Mattaponi marshes
in the summer of 2000, particularly during the month of July. Rouse (1993, 1994)
had noted that Tobacco Budworm and Corn Earworm caterpillars foraged upon A.
virginica seed pods and suggested that these insects might have a detrimental long
term impact upon joint-vetch populations. However, casual observation during the
period of this study noted caterpillars foraging primarily upon fleshy leaved plants
such as Peltandra virginica and Pontederia cordata. Within the period of a few
weeks, the character of the marshes changed drastically-from being dominated by
large, fleshy leaved perennials to less than 10% coverage by those same species.
Other studies have documented the mid-summer die back of the ﬂeshy;leaved
perennials that corresponds to a surge in annual plant growth (Perry and Hershner,
1999; Perry, 1991; Odum, 1984; Simpson et al., 1983; Doumlele, 1981) but if
caterpillar foraging significantly hastens this perennial die-back, then perhaps this
could be enough of a ‘boost’ to allow higher than normal numbers of A. virginica

seedlings to reach maturity that year. Many researchers have noted that the
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controlling factor in joint-vetch distribution seems to be lack of competition from
other plants. (Dunscomb et al., 1997; Tyndall et al., 1996; U.S. Fish and Wildlife
Service, 1995; Rouse, 1994), generally referring to competition at the seedling state.
However, interspecific competition during the middle of the growing season might
also be important.

Muskrat activity was noted within the GCL site and at Gleason Island marsh,
another Mattaponi River marsh containing a small A. virginica population. However,
no A. virginica plants were found in the marsh interior ‘eat-out’ areas. The Gleason
Island joint-vetch population was very small and might not have produced enough
seed to populate additional areas in the marsh. The GCL eat-out was over 30m away
from the nearest A. virginica plant, perhaps a distance too far for joint-vetch seeds to
easily be transported. Also, if the area had been grazed only during the 2000 growing
season, the period of this study, then any joint-vetch seeds present might not have had
an opportunity to yet become established. However, the site was revisited once in
early August 2001 and no joint-vetch plants were observed at that time either. In
Virginia, A. virginica has mostly been found on the marsh edge. However, it would
be quite easy to miss areas of muskrat eat-out without a thorough ground survey, so it
is possible that there might be additional joint-vetch populations located within the

marsh interiors.

Remote Sensing

The results from the remote sensing portion of this study demonstrate that
remote sensing technology, in and of itself, is not particularly usefui las a tool for
accurately identifying A. virginica potential habitat. All of the DMSV and Landsat
classifications did indeed correctly identify areas within the marsh where A. virginica
was most likely to be found, but the classifications also incorrectly labeled too much
area within the marsh as likely or most likely potential habitat These classifications
had high producer’s accuracy, but low user’s accuracy' for A. virginica habitat
classifications. Producer’s accuracy measures what percentage of pixels for a certain
class were correctly classified as that class ( avoiding errors of omission), while

user’s accuracy measures errors of commission, determining what percentage of
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pixels ‘belongs’ to a particular class (Goldberg, 2000; Congalton, 1998). As map
producers, we would be pleased that most of the known A. virginica habitat areas
were classified as likely or most likely habitat, but as a map user utilizing these
classifications in order to locate A. virginica populations or habitat, we would be
directed to search in many areas where A. virginica is not at all likely to be found.

In this study, classifications error was most likely derived from two sources:
1) lack of understanding of all the factors that determine Aeschynomene virginica
habitat suitability, and 2) scale-related problems using remote sensing technology to
accurately distinguish between small scale environmental differences in highly
diverse and quickly changing environment. This second factor probably also limits
the use of remote sensing for many tidal freshwater marsh applications, but that will
be discussed further below.

‘What is Aeschynomene virginica habitat?” This question was partially
addressed during the vegetative portion of this study, but many questions remain to be
answered. In any remote sensing study, precise knowledge of what the sensors are
supposed to distinguish between is much more useful than analyzing imagery in the
hopes that something will fall out. This study tried to identify the times of the
growing season that were most critical for joint-vetch survival and obtained imagery
corresponding to those periods. However, we did not have a priori quantitative data
with which to develop classifications. For example, while many researchers have
speculated that A. virginica is easily outcompeted by other marsh species, no one has
quantified exactly how much openness the species requires in order to thrive nor what
period in the growing season is most critical for A. virginica survival. If bare ground
really is necessary for A. virginica germination it would be most useful to know
exactly what percentage of bare ground characterizes joint-vetch habitat and when
this is critical, rather than relying upon the general idea that A. virginica is dependent
upon winter scouring or muskrat eat-out to create bare areas where the species will
germinate sometime in May or June. With the proper timing (and some luck), bare
ground might be located in aerial imagery, but if a factor such as soil chemistry is
really the essential factor determining A. virginica species distribution then remote

sensing may not be useful in mapping this species.
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Secondly, even if A.virginica’s exact environmental requirements were
quantitatively known, Aeschynomene’s preferred location, i.e. right on the marsh’s
edge, severely complicates any classification attempts. Mixed class pixels are the
most difficult to classify, and A. virginica grows in a very ‘mixed’ zone, straddling
both the spadderdock and the berm vegetative communities. Water, bare ground, and
multi-layered vegetative communities all have very different spectral properties. Any
pixel that contains a mix of different cover types will have a composite spectral
response that is different from the spectral response of a pixel containing just one
‘pure’ cover type.

As noted earlier, Aeschynomene tends to occupy only the first few meters
inland from the marsh’s edge, so any geographic mis-registration of either the
imagery or the ground-truthed data would tend to throw off the resulting
classification. The DMSV imagery was geore'ctified using the nearest neighbor
technique. This method assigns each pixel in the output image the DN value of the
closest pixel in the input matrix, disregarding the slight offset created (Lillesand and
Keifer, 1994). This means that features in the output images can be offset by as
much as one pixel value (Meyer, 2000), which would create errors of up to 1 meter
(October 1999) or 0.6 meter (July 2000). However, there is also error associated with
the DOQQ imagery used to rectify the DMSV images.

The joint-vetch habitat AOI used to assess classification accuracy was
established over the first 10m into the marsh in order to account for possible
classification of edge pixels as being marsh instead of water. However, 10m from the
shoreline was very likely too large of a boundary distance; the vegetative sampling
portion of this study only sampled four meters from the shoreline.

In addition, this marsh berm region is subject to dramatic variations in tidal
inundation several times throughout the course of a day. At low tide, the
Aeschynomene zone may be 10-20m away from the water’s edge; at high tide, the
entire zone may be inundated with several feet of water, covering up many of the
shorter plant species. The amount of water in a particular region greatly affects that

region’s reflectance values, particularly in the near infra-red bands. Therefore, it is
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probably critical to obtain imagery at low tide, when the entire marsh berm is not
covered with water.

It is also quite possible that remote sensing technology, in its present level of
development, is not capable of accurately classifying tidal freshwater wetland scenes
to any level of detail. Other studies in tidal salt marshes or oligohaline marshes have
noted considerable confusion between different vegetative classes within the marsh
(Goldberg, 2000; Stow et al., 2001), and these marshes were much less diverse than
the typical tidal freshwater marsh, which may contain as many as 50 different species,
most of which do not grow in monotypic stands. Odum (1984) identified eight
different tidal freshwater marsh community types and Whigham and Simpson (1975)
identified 18, noting that considerable overlap occurred between the classes.

Congalton (1998) suggested that a minimum of 50 samples be collected for
each vegetation cover category within an error matrix, and added that if the
classification has a particularly large number of categories (i.e., more than 12), 75 to
100 samples should be taken per class. Therefore, even the relatively conservative
approach - attempting to classify a tidal freshwater marsh into just 8 community types
— would require a minimum of 400 samples for accuracy assessment purposes.
Although this is a problem inherent in all remote sensing classifications, the dynamic
nature of tidal freshwater marshes greatly complicates any sample collection scheme.
As discussed earlier, tidal freshwater marshes undergo dramatic changes in species
composition throughout the growing season. For example, groundtruthing data
collected in early July, when Peltrandra virginica is one of the dominant species
throughout the marsh, would no longer be valid a month or so later, when Peltandra
and the other succulent, salt-intolerant plants have died back and annual species have
attained dominance. Also, the species composition within a tidal freshwater marsh
can vary greatly from year to year (Perry and Hershner, 1999; Odum et al., 1984;
Doumlele, 1981), so large inaccuracies might be added to the accuracy assessment by
collecting ground data in a different part of the growing season or year than when the
imagery was taken. Furthermore, the very act of collecting ground samples could
physically impact the marsh and affect the resulting classification if the samples are

collected before the imagery is taken. For example, in this study, vegetative sampling
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began in June before the DMSV images were obtained on July 15th. Even though
great care was taken to impact the marsh sites as little as possible, vegetation at the
Garnett’s Creek-lower site was trampled down; the trampled area showed up quite
clearly in the resulting imagery. The combination of all of these factors result in a
very short window of time in which to collect ground truthed samples corresponding
to a specific set of tidal freshwater marsh imagery. .
On the other hand, classification accuracy might be significantly improved if
the remotely sensed data were combined with other data sets, particularly elevation
data. Tidal freshwater marsh community structure strongly correlates to inundation
length and frequency, so the addition of elevation data might be enough to distinguish
between confused classes. Stow et al. (2001) found that the addition of digital
elevation data consistently corrected the confusion between several vegetative classes

in their tidal salt marsh classification, increasing the overall classification accuracy by

over 16%.

Classification specifics

The ideal classification scheme would accurately classify marsh areas actually
containing A. virginica as ‘most likely’ joint-vetch habitat and classify the rest of the
marsh as low potential for providing joiht-vetch habitat. As noted in the results
section, none of the classifications generated in this study actually accomplished this

objective, but it is worthwhile to examine the differences between platform types and

data collection dates.

March 2000 Landsat image classification

The March imagery was chosen for analysis because it was already known
that 2000 had been a good growing season for A. virginica. Early spring satellite
imagery was chosen because DMSV imagery was available for the summer and
autumn, so it was not necessary to duplicate our efforts testing two sets of imagery for
one season. However, if the aerial imagery had demonstrated highly accurate

classifications, then we would have attempted to replicate these results on the scale of

satellite imagery.
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Also, it was theorized that winter storm erosion had created bare areas within
the marsh that correlated to A. virginica population vitality later in the growing
season. However, field data had not been collected to correspond to this image set, so
it is unknown whether the marsh berms actually had significant bare areas due to
scouring and if so, whether these scoured areas corresponded to the location of A.
virginica plants later in the growing season. A DMSYV flight had been planned to
take place early in the growing season, but due to technical problems with the
airplane this flight had to be postponed until mid-July 2000. Therefore, the
corresponding vegetative data was not collected until June and July 2000.

Originally, it was decided not to use Landsat data because of scale
inconsistencies between the joint-vetch population size (approximately 4m x 10-20m)
and the Landsat pixel size (30 m?). Generally, the area being analyzed should be
larger than the area contained within a single pixel. Otherwise there is no chance that
the data contained within any one pixel will directly correspond to the study area;
other data will always be included and influence the resulting classification. This is
compounded by the fact that A. virginica generally grows on the marsh edge, which
creates mixed pixel values even in the DMSV imagery.

Despite these concerns, it was decided it was worthwhile to experiment with
the Landsat data with the hypothesis that bare ground on the marsh edge might
possibly be distinguishable within the imagery. As noted in the results section, this
was not the case; the Landsat classification was too broad. Most of the pixels
identified as potential joint-vetch habitat were actually mixed pixels, influenced by
the reflectance values of both land and water. However, it would be useful to conduct
additional field studies to determine whether A. virginica populations do actually
correspond to bare areas early in the growing season. If a relationship exists and can
be quantitatively measured, then it might be worthwhile to conduct additional remote
sensing studies using DMSV or other smaller scale imagery to determine whether A.

virginica habitat can be identified early in the growing season.

July 2000 DMSV Classification
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As mentioned in the previous section, this image collection was originally
intended to occur earlier in the growing season in order to identify possible bare areas
on the marsh berm, but was delayed because of mechanical problems. Vegetative
data collection was also delayed in order to correspond to this new flight date. One
problem was that the broad-leaved, succulent perennial plants in Mattaponi marshes
died-back by late July, somewhat earlier than expected. There was not enough time
to collect vegetative cover data from the comparison berm sites before the die-back,
so it is not known whether the ‘Aeschynomene’ sites had significantly higher
proportions of bare ground than the comparison sample sites.

Band 770, covering the Near Infrared (NIR) portion of the spectrum, proved
most useful in distinguishing between joint-vetch and comparison AOIs. Joint-vetch
AOIs had lower reflectance values than the comparison AOI regions. This was
almost certainly due to the influence of the spadderdock area within the joint-vetch
AOQIs. The resulting classification almost exclusively labeled spadderdock fringe as
likely joint-vetch habitat. Due to inaccuracies inherent in GIS point collection and
image georectification it was almost impossible to neatly delineate exactly where the
spadderdock region ended and the marsh berm began. This distinction was not always
apparent even during field data collection. Water absorbs energy in the NIR portion
of the spectrum and therefore wet organic soil has lower reflectance values in the NIR
than vegetative layers (Lillesand and Keifer, 1994). Also, multiple vegetative canopy
layers increase reflectance in the NIR region (Lillesand and Keifer, 1994). The
interior marsh AOIs with more canopy layers and less bare, wet ground had much
higher reflectance values in the NIR than the portion of the joint-vetch AOIs
associated with the spadderdock community, so this was the factor that tended to
distinguish between the two sets of AOIs. However, this doesn’t actually correspond

in any way to the presence or absence of A. virginica.

October 1999 DMSYV imagery classification

This imagery was obtained one year prior to the vegetation sampling.
Additional autumn images were obtained in September 2000, but afterwards it was

discovered that technical camera problems en-flight caused severe distortion in band
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770 and therefore these images were not useful for vegetative classification purposes.
Remote sensing studies often have a disjunct between the times that the image data
and the corresponding ground-truthing data are obtained. However, the Mattaponi
River joint-vetch populations were quite large in both 1999 and 2000, so it was
assumed that environmental conditions were somewhat similar both years.

Interestingly, this set of images had very different spectral responses and
classification results at each site. At the GCU site, the Aeschynomene AOIs had
higher reflectance in band 770 than the rest of the marsh; the GCL and UG marshes
displayed opposite trends. It is not exactly clear what caused these differences. In
2000, the GCU and GCL had the same species ranked within the top four at the both
sets of Aeschynomene sample sites and 3 out of the 4 top ranked species were the
same at both sets of the comparison sites. It seems rather strange that the Garnett’s
Creek-lower site would have spectral responses that were more similar to Upper Gum
marsh, which was fair distance downstream, than to the Garnett’s Creek-upper site
located immediately adjacent. The tide levels would have been almost the same at
both the GCU and GCL marshes at the time these images were taken, so the variation
cannot be due to inundation differences.

These images were taken very late in the growing season, so it is likely that
vegetation had died off significantly at this point and background soil values
contributed significantly to each reflectance values within the marsh. High organic
content tends to reduce soil reflectance values. Possibly, the GCU study site, which
was located on the convex side of the river curve, received a higher proportion of
sediment deposition along the berm than the other two study sites. If so, then this
factor might have caused the GCU berm areas to have much higher DN values than
the marsh interior or the berm regions of the other two study sites. Also, the GCU
site has a smaller spadderdock border than the other two marsh sites, so it is very

likely that less pixels were classified as edge marsh in the GCU image than the other

two.

Implications for resource management
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One of the major purposes of this study was to determine whether it is feasible
to use remote sensing as a resource management tool specifically for Aeschynomene
virginica. While combining the remote sensing data with additional information such
as digital elevation data and erosion modeling might greatly increase the resulting
classification accuracy, each additional data layer adds a great deal of time and
expense.

Field surveys for A. virginica can be very time consuming and expensive, but
remote sensing data collection and analysis also have some of the same drawbacks.
For example, in 1998 researchers from the Virginia Department of Conservation,
Division of Natural Heritage spent 7 days surveying portions of the Rappahannock,
James, and Appomatox rivers, looking for new A. virginica populations (Beldon and
Van Alstine, 1998). It would have required at least 15 DMSV images to cover the
marsh areas that they surveyed. This is a extremely conservative estimate, and the
actual number needed is probably more along the lines of 40 to 60 separate images,
assuming the images were flown at a height resulting in a Im pixel size. Finer
resolution would require additional images to cover the same area. Several flights
would have been required in order to obtain this data, and an analyst would then have
to spend several hours rectifying and analyzing each image. Even if a more accurate
classification system could be developed, any areas labeled as ‘potential habitat’®

would then have to be confirmed on the ground.



RECOMMENDATIONS FOR FURTHER STUDY

Further work is needed in order to understand the habitat requirements and
inter-specific relationships that govern A. virginica distribution. Additional research
on this species will increase the effectiveness of any resource management efforts as
well as increase the overall body of knowledge on tidal freshwater marshes. In
addition, very few studies have attempted to use remote sensing as a tool for studying
tidal freshwater marshes, so a great deal of work remains to be done on this topic
also. The following list summarizes suggestions relating to both the ecological and

remote sensing aspects of this study.

1. Conduct long term field studies over the course of several years, to examine
the species composition of A. virginica marsh sites throughout the growing
season. Additional habitat studies might add to our understanding of the inter-
specific relationships governing A. virginica growth and survival, as well as

contribute to the total body of knowledge on tidal freshwater marsh ecology.

2. Laboratory or controlled field experiments measuring the effect of shading
and competition on A. virginica seedling survival. Aeschynomene population
numbers vary greatly from year to year at the same site. At present, it is not
known whether this variation is due to differences in germination rates,
seedling survival rates, or a combination of the two. Much of the previous
laboratory work has focused upon seed germination and survival of young
seedlings in response to a variety of treatments, but not much is known about
the factors influencing young joint-vetch survival once the plants have

germinated from seed.
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3. As mentioned in the discussion section, studies are needed to determine the
impact of caterpillar foraging upon tidal freshwater marsh vegetation
dynamics and inter-specific relationships as well as examining the impact of

caterpillar predation upon joint-vetch populations.

4. Examine and quantify the relationship between winter scouring and the
subsequent growth of A. virginica plants. Many workers have theorized about
this cause/effect relationship, but to the author’s knowledge, no one has
objectively examined whether A. virginica growth is due to bare ground

created by scouring or to other factors.

5. Additional work is needed to determine the usefulness of remote sensing
techniques for overall tidal freshwater marsh classification. Studies
combining remote sensing techniques with digital elevation data hold the most

promise for creating accurate classifications.
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CONCLUSIONS

The vegetative portion of this study provides a good baseline quantitatively
identifying the variety of plants that grow closely associated with A. virginica in the
Mattaponi river marshes. As expected, the species associations varied throughout the
seasons, with Peltandra virginica and other perennials dominating during the early
growing season and annual species predominating in later summer and autumn.

Much more research is needed in order to understand the factors driving tidal
freshwater marsh ecosystem dynamics. These are extremely complex systems, driven
by a variety of factors such as salinity variation, tidal influence, and interspecific
competition. A more thorough understanding of the factors driving tidal freshwater
marsh ecosystems would be of great benefit in creating A. virginica management
plans.

In the remote sensing portion of this study, neither the aerial DMSV or Landsat
satellite imagery was able to satisfactorily distinguish between joint-vetch and non
joint-vetch areas. Therefore, the resulting marsh classifications and map created
using this imagery identify far too much area as potential A. virginica habitat, and are
not particularly useful as a basis for planning additional field surveys for the species.
A. virginica habitat regions tended to be ‘mixed’ pixels, influenced by the reflectance
values from both marsh berm and spadderdock/mud surfaces. In general, any existing
environmental differences between joint-vetch and non joint-vetch berm habitat occur
at too small a scale to be useful for remote sensing classification purposes.

Both sections of this study point to the need for additional research identifying
and analyzing the specific environmental factors that tend to characterize A. virginica
essential habitat. While remote sensing classifications were not sufficiently precise to
accurately delineate between joint-vetch and non joint-vetch habitat regions in the
marsh, these images might be combined with other data layers, such as Digital

Elevation Models, in a GIS system in order to derive much more accurate potential
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habitat maps. Additional data would also greatly increase the accuracy of any
overall tidal freshwater marsh classification. Even though this study did not attempt
to classify the entire tidal freshwater marsh system, preliminary results indicate a
great deal of confusion potentially exists between the different vegetative classes, and
additional data layers would be useful in sorting out some of the mixed classes. The
diverse and dynamic nature of the tidal freshwater marsh environment poses a

number of challenges to be considered in future remote sensing studies.
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Table 1. Dates of each DMSV flight and summary of associated vegetative cover
sampling effort for each of the Mattaponi River study sites during the summer and
autumn sampling periods. N/A indicates that no vegetative data was collected at a

site during that sampling period

Summer Sampling Period
DMSYV Flight Date: July 15, 2000

Corresponding vegetative sampling dates: June 14 - July 27, 2000

Site Name

#ofdmx 10m
plots sampled

Garnett’s Creek — upper (GCU)!
‘Aeschynomene’ habitat berm (GCU-
A)
‘Comparison’ habitat berm
(GCU-O)
Marsh Interior (GCU-I)

Garnett’s Creek — lower (GCL)
‘Aeschynomene’ berm (GCL-A)
‘Comparison’ berm (GCL-C)
Marsh Interior (GCL-I)

Upper Gum
‘Aeschynomene’ berm (UG-A)
‘Comparison’ berm (UG-C)
Marsh Interior (UG-I)

Melrose Landing'
‘Aeschynomene’ berm (ML-A)

3

N/A

Autumn Sampling Period

DMSV Hlight Dates: Oct 6, 1999

Corresponding vegetative sampling dates: August 20 - October 19, 2000

Site Name

# of plots

Garnett’s Creek — upper
‘Aeschynomene’ berm (GCU-A)
‘Comparison’ berm (GCU-C)
Marsh Interior (GCU-I)

Garnett’s Creek — lower
‘Aeschynomene’ berm (GCL-A)
‘Comparison’ berm (GCL-C)
Marsh Interior (GCL-I)

Upper Gum
‘Aeschynomene’ berm (UG-A)
‘Comparison’ berm (UG-C)
Marsh Interior (UG-I)

Melrose Landing' ‘
‘Aeschynomene’ berm (ML-A)

6
3
9

(O8]

w

' There was no DMSV imagery taken of this site to correspond with this sampling period.



Table 2. Modified Daubenmire cover class and range midpoint.

Vegetative cover scale as described in Perry (1991), modified from Daubenmire (1959;

1968).
Cover Class Range of Cover % Class Midpoints %

6 96-100 97.5
5 76-95 85.0
4 51-75 62.5
3 26-50 37.5
2 6-25 15.0
1 1-5 2.5

T (trace) 0-1 0.1




64

Table 3. The ten highest ranked macrophyte species (ranking calculated by mean
importance value) at each of the Mattaponi River study sites during the summer

sampling period.

RANKING AT RANKING AT
GARNETT’S GARNETT’S RANKING AT
CREEK - UPPER | CREEK - LOWER RANKING AT MELROSE
SPECIES NAME (GCU) (GCL) UPPER GUM (UG) LANDING
Aeschynomene virginica 10
Amaranthus cannabinus 10 3
Bare ground 3 1 1 1
Bidens laevis 8
Cinna arundinaceae 10 9 9
Juncus canadensis 8
Leersia oryzoides 7 6 5 1 5
Murdania keisak 1 — 4 3 6
Nuphar luteum 6 5
Peltandra virginica 2 : 9 2 2
Polygonum punctatum 4 7 6 10
Pontederia cordata 9 : 3 7 7
Scirpus pungens 5 4
Spartina cynosuroides 8
Zizania aquatica 2 8 4




Table 4. The ten highest ranked macrophyte species (ranking calculated by mean
importance value) at each of the ‘Aeschynomene’ Mattaponi River study sites
during the summer sampling period.
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RANKING AT RANKING AT RANKING AT
GARNETT’S GARNETT’S RANKING AT MELROSE
CREEK - UPPER | CREEK - LOWER® UPPER GUM LANDING
SPECIES NAME (GCU-A) (GCL-A) (UG-A) (ML-A)
Aeschynomene virginica 4 4 9
Amaranthus cannabinus 7 5
Aster sp. 8
Bare ground 8 6 2 2
Bidens laevis 1 2
Cinna arundinaceae 10
Echinoclea walteri 5 9
Iris virginica 6
Juncus canadensis
Leersia oryzoides 3 3 4 3 <’
Murdania keisak 2 1 1 1
Nuphar luteum 10
Peltandra virginica 6 7
Polygonum arifolium 10
Polygonum punctatum 7 9 7 Jj
Polygonum sagittatum 6 5
Pontederia cordata 5 8 B
Scirpus pungens 8 3
Zizania aquatica 9 10 4




Table 5. Ranking by mean importance value of macrophytes of Garnett’s Creek —
upper ‘Aeschynomene’ berm study site (GCU-A) during the summer, 2000
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sampling period. Cover was randomly sampled from within 3 10m x 4m sampling
plots, A. virginica was recorded in 2 of these plots. IVs were calculated only for

the species which were sampled within the plots.
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Murdania keisak
Peltandra virginica
Bare

Polygonum punctatum
Scirpus pungens
Nuphar luteum
Leersia oryzoides
Juncus Canadensis
Pontederia cordata
Cinna arundinaceae
Lindernia dubia
Echinoclea walteri
Hypericum virginicum
Polygonum sagittatum
Amaranthus cannabinus
Gratiola neglecta
Aeschynomene virginica
Bidens laevis
Impatiens capensis
Polygonum sagittatum
Cassia fasciculata
Sagittari lancifolia
Sagittaria graminea
Lobelia cardinalis
Ludwigia palustris
Polygonum arifolium
Gallium obtusum
Cinna arundinacea
Apios americana
Strophostyles helvula
Rumex verticillatus
Vernonia noveboracensis

33.77
30.47
21.17
14.40
13.47
11.67
11.57
8.20
8.07
6.97
6.40
4.83
4.40
3.83
293
2.93
2.03
1.67
1.53
1.50
1.33
0.90
0.83
0.93
0.87
0.77
0.77
0.40
0.33
0.33
0.33
0.33
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Table 6. Ranking by mean importance value (IV) of macrophytes of Garnett’s Creek
— Lower ‘Aeschynomene’ berm study site (GCL-A) during the summer sampling

period. IVs were calculated only for the species which were sampled within the

plots.
Rank Species Name Mean IV
1 Bare 49.20
2 Zizania aquatica 25.53
3 Pontedaria cordata 23.40
4 Murdania keisak 17.13
5 Nuphar luteum 15.07
6 Leersia oryzoides 13.40
7 Polygonum punctatum 10.33
8 Bidens laevis 9.63
9 Peltandra virginica 6.40
10 Amaranthus cannabinus 5.77
11 Cinna arundinaceae 3.97
12 Lindernia dubia 3.97
13 Polygonum arifolium 3.87
14 Polygonum sagittatum 2.57
15 Juncus Canadensis 2.37
16 Echinoclea walteri 1.57
17 Eriocaulon parkeri 1.53
18 Scirpus pungens 1.47
19 Juncus effuses 1.17
20 Ludwigia palustris 0.63
21 Hypericum virginicum 0.40
22 Impatiens capensis 0.40
23 Eleocharis parvula 0.33




Table 7. Ranking by mean importance value of macrophytes at Upper Gum Marsh
‘Aeschynomene’ berm study site (UG-A) during the summer, 2000 sampling
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portion of this study. Cover was randomly sampled from subplots within 3 10m x
4m sampling plots. IVs were calculated only for the species which were sampled

within the plots.

Rank Species Name Mean IV

1 bare 44.47
2 Peltandra virginica 38.80
3 Murdania keisak 26.73
4 Scirpus pungens 17.70
5 Leersia oryzoides 15.03
6 Polyogonum punctatum 13.20
7 Pontederia cordata 8.80
8 Zizania aquatica 7.13
9 Cinna arundinaceae 4.83
10 Aeschynomene virginica 3.60
11 Polygonum arifolium 3.10
12 Juncus effuses 3.07
13 Hibiscus sp. 1.97
14 Cephalanthus occidentalis 1.67
15 Rosa palustris 1.60
16 Nuphar luteum 1.20
17 Hypericum virginicum 1.07
18 Bidens laevis 1.07
19 Ludwigia palustris 1.00
20 Bidens coronata 0.53
21 Eriocaulan parkeri 0.53
22 Helenium autumnale 0.53
23 Lindernia dubia 0.53
20 Rumex verticillatus 0.53
21 Amaranthus cannabinus 0.47
22 Atriplex patula 0.47
23 Thalictrum pubescens 0.47




Table 8. Ranking by mean importance value of macrophytes in Melrose Landing
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‘Aeschynomene’ berm study site (ML) during the summer, 2000 sampling period.
Cover was randomly sampled from within 2 10m x 4m sampling plots. IVs were
calculated only for the species which were sampled within the plots.

Rank Species Name Mean IV

1 bare 36.2
2 Peltandra virginica 25.1
3 Amaranthus cannabinus 22.65
4 Zizania aquatica 17.4
5 Leersia oryzoides 17.35
6 Murdania keisak 13.75
7 Pontederia cordata 10.5
8 Spartina cynosuroides 9.95
9 Cinna arundinaceae 8.45
10 Polygonum punctatum 8.3
11 Scirpus pungens 6.45
12 Bidens laevis 5.9
13 Ludwigia palustris 4.15
14 Polygonum arifolium 4.05
15 Hypericum virginicum 1.95
16 Sium suave 1.9
17 Polygonum sagittatum 1.55
18 Aster sp. 1.15
19 Teucrium canadense 0.7
20 Mikania scandens 0.65
21 Sagittaria lancifolia 0.65
22 Cassia fasciculate 0.6

Lindernia dubia 0.5




Table 9. Ranking by mean importance value of macrophytes of Garnett’s Creek -
Upper ‘Aeschynomene’ berm study site (GCU-A) during the autumn, 2000
sampling period.. IVs were calculated only for the species which were sampled
within the plots.

Rank Species Name Mean IV

1 Bidens laevis 43.83
2 Murdania keisak 24.40
3 Leersia oryzoides 23.13
4 Aeschynomene virginica 16.80
5 Pontederia cordata 14.42
6 Polygonum sagittatum 12.65
7 Polygonum punctatum 9.10
8 Bare 8.87
9 Zizania aquatica 7.62
10 Polygonum arifolium 7.45
11 Amaranthus cannibinus 6.08
12 Echinoclea walteri 5.27
13 Juncus canadensis 5.25
14 Nuphar luteum 4.27
15 Scirpus pungens 2.13
16 Peltandra virginica 1.70
17 Lobelia cardinalis 1.27
18 Boehmeria cylindrica 1.27
19 Hypericum virginicum 0.93
20 Iris virginica 0.92
21 Apios americana 0.60
22 Sagittaria graminae 0.38
23 Orontium aquaticum 0.38
24 Ludwidgea palustris 0.35
25 Bidens coronata 0.35
26 Cinna arundinaceae 0.22
27 Gratiola neglecta 0.22

28 Eriocaulon parkeri 0.18




Table 10. Ranking by mean importance value of macrophytes of Garnett’s Creek —
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Upper ‘Comparison’ berm study site (GCU-C) during the fall sampling portion of

this study. IVs were calculated only for the species which were sampled within

the plots.
Rank Species Name Mean IV
1 Pontederia cordata 42.07
2 Murdania keisak 27.80
3 Bare 24.57
4 Bidens laevis 19.33
5 Polygonum punctatum 18.10
6 Zizania aquatica 15.13
7 Nuphar luteum 12.10
8 Leersia oryzoides 8.87
9 Amaranthus cannabinus 7.80
10 Peltandra virginica 7.07
11 Polygonum arifolium 3.37
12 Polygonum sagittatum 3.33
13 Lobelia cardinalis 2.70
14 Echinoclea walteri 2.53
15 Juncus canadensis 2.43
16 Samolus parviflorus 1.27
17 Lindernia dubia 0.80
18 Cinna arundinaceae 0.40
19 Ranunculus cymbolaria 0.40
20 Sagittaria graminolea 0.40




Table 11. Ranking by mean importance value of macrophytes at Garnett’s Creek -
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lower Marsh ‘Aeschynomene’ berm study site during the autumn, 2000 sampling
portion. A total of 5 10m x 4m plots were sampled, A. virginica was recorded in 3

of these plots. IVs were calculated only for the species which were sampled

within the plots.

Rank Species Name Mean IV

1 Murdania keisak 50.02
2 Bidens laevis 29.98
3 Leersia oryzoides 19.23
4 Aeschynomene virginica 11.93
5 Polygonum sagittatum 9.69
6 Bare 8.71
7 Ammaranthus cannabinus 8.57
8 Scirpus pungens 7.03
9 Polygonum punctatum 6.54
10 Zizania aquatica 6.50
11 Echinoclea walteri 5.97
12 Cassia fasciculate 5.84
13 Pontederia cordata 5.04
14 Polygonum arifolium 4.52
15 Peltandra virginica 3.74
16 Nuphar luteum 3.60
17 Cinna arundinaceae 2.90
18 Juncus canadensis 2.31
19 Pilea pumila 1.57
20 Ludwidgea palustris 1.50
21 Impatiens capensis 1.41
22 Hypericum virginicum 1.11
23 Lindernia dubia 0.57
24 Elatine americana 0.57
25 Apios americana 0.50
Lobelia cardinalis 0.50

&
[*)}




Table 12. Ranking by mean importance value of macrophytes of Garnett’s Creek —
Lower Comparison berm study site (GCL-C) during the autumn 2000 sampling
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period. Cover was randomly sampled from subplots within 3 10m x 4m sampling
plots. IVs were calculated only for those species which were sampled within the

plots.
Rank Species Name Mean IV
1 Bidens laevis 42.90
2 Pontedaria cordata 33.77
3 Bare 21.87
4 Zizania aquatica 16.73
5 Murdania keisak 14.57
6 Polygonum punctatum 13.07
7 Leersia oryzoides 9.30
8 Nuphar luteum 6.57
9 Amaranthus cannabis 6.37
10 Polygonum sagittatum 6.30
11 Juncus canadensis 6.03
12 Echinoclea walteri 5.40
13 Peltandra virginica 493
14 Scirpus pungens 4.43
15 Polygonum arifolium 3.13
16 Samolus parviflorus 1.27
17 Lobelia cardinalis 1.00
18 Cinna arundinaceae 0.53
19 Helenium atumnale 0.53
20 Lindernia dubia 0.40
21 Ranunculus cymbolaria 0.40
22 Sagirtaria graminolea 0.40
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Table 13. Ranking by mean importance value of macrophytes of Upper Gum Marsh

‘Aeschynomene’ berm study site (UG-A) during the autumn, 2000 sampling
period. IVs were calculated only for the species which were sampled within the

plots.
Rank Species Name Mean IV
1 Murdania keisak 46.30
2 Bare 33.37
3 Scirpus pungens 21.63
4 Leersia oryzoides 1543
5 Echinoclea walteri 15.33
6 Peltandra virginica 13.87
7 Polygonum punctatum 13.70
8 Pontedaria cordata 7.73
9 Aeschynomene virginica 5.33
10 Cinna arundinaceae 4.37
11 Juncus canadensis 4.20
12 Polygonum arifolium 4.13
13 Zizania aquatica 2.83
14 Rosa palustris 2.13
15 Cephalanthus occidentalis 1.50
16 Hypericum virginicum 1.03
17 Bidens laevis 1.00
18 Nuphar luteum 0.97
19 Hibiscus sp. 0.93
20 Iris virginica 0.90
21 Impatiens capensis 0.57
22 Galium obtusum 0.50
23 Apios Americana 0.47
24 Polygonum sagittatum 0.43
25 Eleocharis parvula 0.43
26 Amaranthus cannibinus 0.37
Lindernia dubia 0.37




Table 14. Ranking by mean importance value of macrophytes at Upper Gum —
‘Comparison’ berm study site (UG-C) during the fall, 2000 sampling period.
Cover was randomly sampled from subplots within 3 10m x 4m sampling plots.
IVs were calculated only for the species which were sampled within the plots.

Rank Species Name Mean IV
1 Murdania keisak 46.87
2 Scirpus pungens 31.40
3 Bare 15.73
4 Scirpus americanus 15.10
5 Polygonum punctatum 13.43
6 Peltandra virginica 13.13
7 Lindernia dubia 11.10
8 Leersia oryzoides 10.67
9 Echinoclea walteri 7.90
10 Pontederia cordata 7.60
11 Polygonum arifolium 5.63
12 Polygonum sagittatum 4.70
13 Juncus Canadensis 3.50
14 Amaranthus cannabinus 2.67
15 Zizania aquatica 2.60
16 Cinna arundinaceae 2.40
17 Aster sp. 1.50
18 Galium obtusum 1.50
19 Hypericum virginicum 1.50
20 Bidens laevis 1.20




Table 15. Ranking by mean importance value of macrophytes of Melrose Landing
study site (ML) during the autumn, 2000 sampling period. Cover was randomly
sampled from subplots within 3 10m x 4m sampling plots. IVs were calculated
only for those species which were sampled within the plots.

Rank Species Name Mean IV

1 Murdania keisak 25.93
2 Bare 20.53
3 Leersia oryzoides 14.87
4 Zizania aquatica 14.55
5 Amaranthus cannabis 14.50
6 Iris virginica 14.01
7 Peltandra virginica 12.70
8 Aster sp. 11.19
9 Echinoclea walteri 10.13
10 Nuphar luteum 6.98
11 Aeschynomene virginica 6.15
12 Polyogonum arifolium 5.08
13 Impatiens capensis 4.68
14 Bidens laevis 4.44
15 Polyogonum sagittatum 421
16 Polygonum punctatum 3.86
17 Scirpus pungens 3.33
18 Spartina cynosoroides 3.10
19 Boehmeria cylindrica 2.94
20 Cinna arundinaceae 2.50
21 Hypericum virginicum 2.06
22 Cornus amomum 1.90
23 Cyperus strigosus 1.90
24 Pontederia cordata 1.19
25 Pluchea purpurescens 1.19
26 » Solidago sempervirons 1.03
27 Mikanai scandens 1.03
28 Toxicondendron radicans 1.03
29 Lobelia cardinalis 1.03
30 Cephalanthus ocidentalis 0.87
31 Dulichium arundinacea 0.87
32 Teucrium candense 0.87
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Table 16. Accuracy assessment results comparing several different classifications conducted to identify

Joint-vetch habitat and non Joint-vetch habitat areas in the October 1999 DMSV imagery of the

Mattaponi River study sites. For accuracy assessment purposes, Joint-vetch habitat is defined as the area

within the 10m AOI boundary and non Joint-vetch habitat is defined as the marsh area outside of that

AOI boundary.
Total # [Total # of (% of area
Total # of of pixels [Pixels  within AOI
Total # of |pixels classed in 10m |Classed [Classifued
pixels in Jas not Joint- (% classified |AOI as Joint- |as Joint-
Marsh Image image |vetch correctly layer vetch vetch
GCL - Band 680 557923 350450, 0.63077884 2722 2340/0.859662013
GCL - Band 770 557923 423408| 0.761400562 2724 1832/0.672540382
GCL - unsupervised] 557923 443499| 0.798083516 2724 2218/0.814243759
GCU - Band 680 564234 508651] 0.908024842 6737 4061| 0.60279056
GCU - Band 770 564234 531814 0.946729614 6737 '2496/0.370491317
GCU - unsupervised| 564234 326141/ 0.580795381 6737 2692/0.399584385,
UG - Band 680 657966 189478| 0.288620629 1717 1471/0.856726849
UG - Band 770 657966 209088 0.31848168 1717 1451]0.845078626
UG - unsupervised 657966 595421| 0.906186935 1717 904]0.526499709
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Table 17. Summary of March 2000 Landsat TM classification results at each A.
virginica population location (both extant and historical) within Virginia.

Site Population Status | Used In Mapped as Potential
Model Habitat
Development
Potomac River Drainage
Brent Marsh Extant Yes No
Lower Brent Marsh Historic No No
Rappahannock River Drainage
Piscataway Creek Extant Yes Yes
Mount Landing Creek Extant No Yes
Beverly Marsh Extant Yes Yes
Occupacia Marshes - A Extant Yes Yes
Jones Landing Site Extant No Yes
Drakes Marsh Extant No Yes
Fones Cliffs Extant Yes Yes
Occupacia Marshes - B Extant No Yes
Mattaponi River Drainage '
Upper Gum (a.k.a. Sandy Point) | Extant Yes Yes
Melrose Landing — A Listed as Extant but | No Yes
Probably Historic
Melrose Landing — B Extant Yes No
Gleason Marsh Extant No Yes
Wakema Listed as Extant but | No No
Probably Historic
Horse Landing Historic No Yes
Garnett’s Creek Marsh Extant No Yes
Pamunkey River Drainage
Holt’s Creek Marsh — A Extant No Yes
Holt’s Creek Marsh — B Extant No Yes
Holt’s Creek Marsh — C Extant Yes Yes
Clayborne Creek Marsh Extant No Yes
Sweet Hall Marsh Extant No Yes
James River Drainage
Near Jamestown - A Historic No Yes
Near Jamestown — B Historic No Yes
Near Scotland-Jamestown Ferry | Historic No Yes
Yarmouth Creek Extant No Yes
Old Neck Creek Extant No Yes
Lower Chickahominy Historic | Historic No Yes
Chickahominy River megasite | Historic No Yes
Kittewan Creek Extant Yes Yes
Near Queens Creek Historic No Yes
Near Jordan Point Historic No Yes
Near Westover Historic No Yes




Figure 1. Line drawing of Aeschynomene virginica (L.) BSP (Adapted from U.S.
Fish and Wildlife Service, 1995)
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Figure 2. Map of historical and extant habitat locations for A. virginica. (Adapted
from U.S. Fish and Wildlife Service, 1995)
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Distribution of Aeschynomene virginica in the United States as of 1994,
showing counties with extant (® ) versus historical only () occurrences.
Sources: Maryland Natural Heritage Program; North Carolina Natural
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Figure 3. Map showing locations of vegetative sampling sites on the Mattaponi
River, VA.
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Figure 4. Example of placement and orientation for a 10m x 4m vegetative sampling

plot within the marsh berm habitat.
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Figure 5. Planned layout of 10m x 4 m sampling plots at each marsh study site.
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Figure 6. Geometrically and radiometrically corrected October 1999 DMSV image
composition of Gamett’s Creek marsh — upper research site (GCU) on the
Mattaponi River in Virginia. Image display color assignments: blue = band 450

nm, green = band 550 nm, red = band 680 nm.
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Figure 7. Geometrically and radiometrically corrected October 1999 DMSYV image
composition of Garnett’s Creek marsh — lower research site (GCL) on the
Mattaponi River in Virginia. Image display color assignments: blue = band 450

nm, green = band 550 nm, red = band 680 nm.
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Figure 8. Geometrically and radiometrically corrected October 1999 DMSV image
composition of Upper Gum marsh research site (UG) on the Mattaponi River in
Virginia. Image display color assignments: blue = band 450 nm, green = band

550 nm, red = band 680 nm.
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Figure 9. Geometrically and radiometrically corrected July 2000 DMSV image
composition of Garnett’s Creek marsh — lower research site (GCL) on the
Mattaponi River in Virginia. Image display color assignments: blue = band 450

nm, green = band 550 nm, red = band 680 nm.






Figure 10. Geometrically and radiometrically corrected July 2000 DMSV image
composition of Upper Gum marsh research site (UG) on the Mattaponi River in
Virginia. Image display color assignments: blue = band 450 nm, green = band

550 nm, red = band 680 nm.
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Figure 11. Plot of spectral pattern analysis comparing mean reflectance values in all
bands from the joint-vetch and random non joint-vetch AOIs in the October 1999

DMSYV Garnett’s Creek — Upper marsh study site imagery.



F62viix

/ AE9<



90

Figure 12. Plot of spectral pattern analysis comparing mean reflectance values in all
bands from the joint-vetch and random non joint-vetch AOIs in the October 1999

DMSYV Garnett’s Creek — Lower marsh study site imagery.
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Figure 13. Plot of spectral pattern analysis comparing mean reflectance values in all
bands from the joint-vetch and random non joint-vetch AOIs in the October 1999

DMSYV Upper Gum marsh study site imagery.





































































































































































































http://www.amrivers.org/98-mattaponi.html






http://www.gsfc.nasa.gov/IAS/handbook/handbook_toc.html






















