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Figure 8. Results of a preliminary Spectral Angle Mapper (supervised) classification of PROBE-| airborne data, indicating likely areas of relatively homogeneous stands of

1. Project Overview

diked wetlands or drowned river mouths) [Keough et al. 1999]. Sites were selected so that

4. Remote Sensing Data

<O Percent cover total target species

9. Field Sampling Results e ey s
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Phragmites australis (solid blue). Field-sampled areas of Phragmites australis are within the 2 yellow polygons. Preliminary validation of likely areas of Phragmites, using
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Herdendorf et al. 1986, Herdendorf 1987, and Stuckey 1989). The loss of biological
diversity in coastal wetland plant communities coincides with an increase in the presence
and dominance of invasive (i.e., non-native and opportunistic) and aggressive (i.e., native

and opportunistic) plant species. Research suggests that such invasive and aggressive plant

3. Pilot: Phragmites Detection
at Point Mouillee Wetlands

Point Mouillee (Monroe County, Michigan) is a wetland complex (Figure 2), located

sampled stand. Non-target plants in the canopy and understory (Figure 5) are smartweed
(Polygonum spp.), jewel weed (Impatiens spp.), cattail (Typha sp.), mint (Mentha spp.),
Canada thistle (Cirsium arvense L.), and an unidentifiable grass. Thus, the Phragmites

stand 1s heterogeneous, with quadrat 4 located in the most, relatively, homogeneous area of
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Figure | (above). |3 wetland study sites in Ohio and Michigan coastal zone, lettered A - M. Sites
were all sampled during July - August, 2001.

Figure 2 (above, inset). Magnified view of Point Mouillee wetland complex (Site E). Sample sites
at Point Mouillee: P = Phragmites australis,T = Typha spp., L = Lythrum salicaria, N = non-target
plant species, G = ground control point. Image is a false color infra-red IKONOS scene from
August, 2001.

Figure 3 (above). Magnified view of initial study site at Point Mouillee where 2 patches were

sampled in the field for vegetational and other ecological characteristics. Yellow = Phragmites

edge and interior stand transects,White = Typha edge and interior stand transects, Black
squares = points where quadrat sampling was conducted on edges and within the interior of
each stand. Image is a natural color spatial subset of an ADAR scene, from August, 2001.

the coastal area of the wetland complex. A distinctive banana-shaped dike system

distinguishes the offshore area of the current site. The extent of the onshore wetland study

area is approximately 4 kilometers north and 2 kilometers south of the banana-shaped dike.
In addition to Phragmites, Typha, and Lythrum, Point Mouillee supports diverse wetland
plant and animal communities. Extensive damage occurred to these wetlands during the
early 1950s and again in the early 1970s, a result of high water levels and storm surges in
Lake Erie. Consequently, large areas of mudflat and vegetated marshland were lost in the
1950s and 1970s (Lyon and Greene 1992).

Preliminary data analyses were conducted to assess the utility of ADAR
multispectral data and PROBE-1 hyperspectral data to detect relatively homogeneous areas
of Phragmites australis,beginning at (one of our 13 study sites) the Point Mouillee wetland
complex (Figure 2). In general, Phragmites australis (also referred to as “Phragmites™)
forms large monospecific “stands” that may predominate in wetland herbaceous plant
communities, supplanting other plant taxa (Marks et al. 1994). Compared to other, more

heterogeneous, plant communities, Phragmites stands are less suitable as animal habitat

Figure 4 (above). Field data were collected in 12 quadrats of a Phragmites stand
and 17 quadrats in a neighboring Typha stand (magnification of Figure 3)

MultiSpectral Scanner data and historical aerial photographs were also used to improve our
understanding of change at the site and preliminary validation of classified areas of target
species. Digital orthorectified aerial photographs (DOQs) [nominal, I meter spatial
accuracy, USGS ] were used in combination with GPS ground control points to
georeference remote sensing data because the spatial accuracy of the acquired imagery is
less (i.e., coarser) than the field-recorded GPS data. Of the data collected from these
sensors, we initially used the ADAR data and the PROBE-1 data to assess Phragmites and
Typha at Point Mouillee.

The ADAR System 5500 is a four camera, multispectral airborne sensor that

acquires digital images in three visible and a single near infra-red band. ADAR data were
acquired at Point Mouillee on August 14, 2001 (Average pixel size = (0.75m)2. A single
ADAR scene at Point Mouillee (Figure 3) was georeferenced using DOQs and GPS
ground control points from field surveys, using ENVI image processing software v. 3.4
(RSI, Boulder CO). PROBE-1 is an airborne hyperspectral scanner system with 128 bands

%
of data and an average pixel size of 4.8m). PROBE-1 data were acquired at Point
Mouillee on August 29, 2001.

A supervised classification of the PROBE-1 scene (1 flightline) was performed
using ENVI’s Spectral Angle Mapper (SAM) algorithm, an automated processing
technique for comparing image spectra to a spectral library. We collected a small number
of spectra (12 pixels), using the PROBE-1 data, from the purest areas of Phragmites
australis.  The locations of purest Phragmites (and Typha for comparison) were

determined by finding those areas along the field transects that had the greatest percent of
non-flowering live plants, greatest stem density, and the least amount of other materials

within a quadrat (see Figure 6). The SAM algorithm was used to determine the similarity
between the spectra of each of the 12 "pure" Phragmites pixels and every pixel in
the scene by calculating the spectral angle between them. The Spectral Angle Mapper

relatively pure pixels indicates several differences in reflectance of visible and near infra-
red wavelengths between the two plant taxa. Phragmites reflects less in the green and near
infra-red wavelengths than Typha, i1s similar to Typha in reflectance of red wavelengths,
and reflects slightly more than 7ypha in the blue wavelengths (Figure 7).

PROBE-1 data analyses resulted in the selection of 12 relatively pure pixels of

Phragmites at or around quadrat-4 (Figure 4). Supervised classification of the Point

Mouillee PROBE-1 image indicates other areas of relatively homogeneous Phragmites
(Figure 8). Several of these areas are located in the diked areas of the wetland complex,
areas that are typically populated by large stands of Phragmites in other Lake Erie
wetlands . Initial photo-interpretation, using stereo aerial photographs from September 2,
1999 and observations at the site during summer, 2001 suggests that the areas classified as
Phragmites within the dikes are reasonably accurate. However, these are initial results

and further field validation is required, scheduled for summer, 2002 at selected sites.

Because the ADAR data has a nominal spatial accuracy of 75cm, it is the most
useful for viewing field GPS overlays, and is a convenient digital form of color infra-red
aerial photographs. ADAR is 4-band multispectral data, thus is limited in its usefulness
for developing spectral signatures for Phragmites. The relatively small ADAR data file
(approximately SMb per 1.1km x 0.7km scene) allows for relatively fast georeferencing
using image-to-image warping techniques. Positive Systems, Inc. offers an automated
georeferencing software package that we will be evaluating to improve the efficiency of

georeferencing the ADAR data.
Field data from quadrat sampling was an essential part of evaluating PROBE-1 data

because of its nominal 1.0 meter spatial accuracy, by way of real-time-corrected GPS.
Initial results demonstrate that “monospecific stands” of Phragmites and Typha can be
very heterogeneous, as a result of variability in the underlying vegetation, litter, and soil
conditions. The use of these detailed field data enabled us to select a 14.4m x 19.2m (3
pixel by 4 pixel) area of PROBE-1 image data containing the most homogeneous area of
Phragmites within the sampled stand. Video and digital still images of each quadrat

improved the decision making processes about which areas of the stand were dominated by

Figure 6. The heterogeneity of canopy, stem, understory, soil, and litter characteristics in Phragmites and Typha stands was used to calibrate
the PROBE-1 data, initially for the purpose of detecting relatively homogeneous areas of Phragmites. Blue arrows at top of figure indicate the
transect location of relatively homogeneous areas of Phragmites (Quadrat 4) and Typha (Quadrat 8).

reflectance among pixels
(5) collecting an abundance of field data to sufficiently account for phenological variability

and variability among species, quadrats, stands, and wetlands
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classification resulted in 12 images, each with different areas mapped as potentially pure live, non-flowering Phragmites. purposes.
. and, from a ‘resource management: perspective, is difficult to manage because it is regions of Phragmites. Eleven of the 12 images were rejected because: (a) the mapped Field results at Point Mouillee demonstrate that a major impediment to automated - A ] A ] ] i
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Thirteen coastal wetland study sites were selected, from a pool of approximately 125 censing approach was used so that the detection of Phragmies can be automated with X own arie | ragmztesl s.tzn s ( opeil, aworl:n 1, and Lyon persc.)n: ; serv.at1ons), or (b) plant community. Although water was not present at the selected Point Mouillee sample . _ )
wetland areas, along the coastal margins of western Lake Erie, Lake St. Clair, western reasonable assurance that mapped areas are accurate. WIS T D0 CLERRIES GUEIEI, (IN AUEE L 61 OWI.l to not contain Phragmites (e.g., non- locations, the presence of water and variable soil moisture is a major factor in the § " /- | :/I”:,I,:‘:,,:/,\Ofn
Lake Huron, and eastern Lake Michigan (Figure 1). Sites were selected using aerial target survey areas or large areas on a golf course fairway). heterogeneity at other sites (data in preparation). In this study we minimized the < 'y
photographs, topographical maps (scale = 1:24 000), wetland inventory maps, the National Ve v Sempled el 1Mo MGUHIED Gm ARETES pithane AuEnst sin, 2001, remote-sensing pitfalls of plant community heterogeneity by: i ’
Land Cover Dataset (NLCD), information from local wetland experts, and published Six 'target-species’ stands were sampled (Figure 2), 2 stands of each target species. (1) selecting 3 plant taxa that are least likely (by definition) to exist in diverse, Tz -
accounts of coastal wetland studies in the areas (e.g., Lyon 1979, Herdendorf et al. 1986, Two 'non-target' vegetation stands were sampled (minimum area = 0.8ha), for heterogeneous plant communities 0 | ' ' - '/' ' ' 31 7000 31 5000 319000 EEEEEEE
Herdendorf 1987, Stuckey 1989, Lyon and Greene 1992). Sites were selected so that they ~ “OMParson £ (RS SEm (2) using GPS points with a nominal spatial accuracy that exceeds that of the acquired 450 500 550 600 “.mc?ci glh“m:/)o 0 750 800 850 EEEE=== . ' F— ‘
(1) generally spanned the gradient of current land.scape conditions along th.e coastline of Figure 5 (right). Phragmites stand, showing (A) a dense canopy layer and (B) the under- remote sensing data, for locating sampled quadrats, edges, and ground control points Figure 7. Spectra of Phragmites australis and Typha spp. in a single, relatively o ) | Sem i - auto mated dete Ctio N Of P au St ra I i S EEEF=:= EEEEE?EiEEE “EEEE=EEEll EEE=="=='
the lakes, (2) were emergent wetlands (Cowardin et al. 1979), and (3) included both story layer. Stand edges and internal transects were mapped on the ground with a real- (3) acquiring a sufficient variety of remote sensing data types that have appropriate homogeneous 4.8m x 4.8m area of each taxa, using PROBE-| data (450nm - E:E: Kilometers ’ EEEEEE

850nm spectral subset). Spectral samples are from the approximate location
of field-sampled Phragmites quadrat-4 and Typha quadrat-8, in their respective
stands (shown in Figure 6).

wetlands that are open to lake processes and wetlands protected from lake processes (e.g.,  time-corrected GPS, resulting in 2 nominal mean spatial accuracy of | meter. spectral and/or spatial characteristics for detecting wetland plants

N Field sample area of P australis

(4) collecting relevant field data that are most likely to explain differences in spectral




