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Phragmites australis, the common reed, has been widespread in 
tidal marshes of the eastern coast of North America during the last 50 
years [1-3]. Its ability to supplant other wetland vegetation and decrease 
wetland biodiversity has attracted considerable research attention in 
the U.S. It is estimated that about 10-15 percent of Delaware’s coastal 
wetlands are now invaded with tall, dense stands of P. australis [4,5]. 
Monitoring potential impacts of Phragmites invasion on aquatic 
species such as the blue crab population in Blackbird Creek watershed, 
Delaware can greatly help understand the changing ecosystems in 
Delaware’s coastal environment. This arduous and complex task can be 
accomplished utilizing remote sensing technology.

Numerous studies have shown that P. australis invasions negatively 
impact essential fish habitats [6-8]. Currently, it is not clear how 
invertebrates have responded to P. australis invasions. Research by 
Jivoff and Able [9] suggest marsh surface vegetation influences the 
way blue crabs use marsh surface habitats. In the state of Delaware, P. 
australis is extensively studied, but most of these studies focus on the 
mechanism and prevention of Phragmites’ invasion [10,11]. Very few 
studies involved the detection and mapping of P. australis and its impact 
on fishery habitat in Delaware (Figure 1). 

Remote sensing techniques present a means to detect, map, and 
monitor Phragmites with varying degrees of success. In early 80s, Ihse 
and Graneli [12] identified the relationship between Phragmites live 
shoot biomass and the infrared/red reflectance ratio using a hand-held 
digital instrument. Color aerial photos with high spatial resolution 
have shown potential as a tool for mapping P. australis [13,14] with 
acceptable accuracy. Bailey [15] conducted a remote sensing study on 
the extent of P. australis in Blackbird Creek Watershed, Delaware using 
color infrared aerial photography. Results indicated that total coverage 
of Phragmites in Blackbird Creek increased from 371.18 hectares, 26.5% 
of the study area in 1979 to 634.96 hectares, 45.4% of the study area in 
1993.

Recording the presence of P. australis within a tidal marsh zone 
presents quite a challenge in terms of the physical execution of a 
vegetation survey in an environment with restricted mobility, the 
overall study region with an area measurement on the order of tens 

to hundreds or even thousands of square kilometers, as well as the 
accuracy of species identification via sensor capabilities and various 
classification methodology. Remote sensing utilizing satellite or aerial 
imagery enables one to more easily collect data from afar without 
having to physically be present in the harsh environment. Additionally, 
remotely-sensed imagery can be collected at various resolutions 
providing detail on a multitude of scales. Lastly, various algorithms 
and sensor capabilities provide varying degrees of accuracy for species 
identification (Figure 2).

An important factor in the classification or monitoring of a wetland 
species such as P. australis utilizing remotely-sensed data involves the 
concept of scale. Particularly, the extent of an intended study area has a 
great impact on the necessary available data to analyze. A sensor with 
high spatial resolution will be able to provide finer detail compared 
to a medium resolution sensor over the same geographic area. If a 
particular study area has a large geographic extent, the use of satellite 
imagery with a coarse resolution (10-30m), such as Landsat Thematic 
Mapper (TM) or Le Systeme Pour l’Observation de la Terre (SPOT), 
may be sufficient. However, if the primary interest is on the order of 
several hundred meters or a few kilometers in lineal extent, perhaps 
aerial photography or the use of high-resolution (1-4m) imagery, such 
as IKONOS or QuickBird, may be more appropriate or beneficial. The 
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Figure 1: Phragmites australis (left) and P. australis in mixed vegetation stand 
(right).

Figure 2: Flyover photo taken in August 2012 over Blackbird Creek 
Watershed, Delaware.  Arrows indicate presence of P. australis. 
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use of imagery with high spatial resolution may not necessarily result in 
improved detection or classification accuracy.

Generally speaking, multispectral data is useful for determining 
broad vegetation classes and hyperspectral data is effective for 
differentiating vegetation classes at the species level. Although it 
is noted that high-resolution imagery or hyperspectral data may 
lose effectiveness due to different vegetation species having similar 
biochemical and biophysical properties [16]. Additionally, results may 
suffer due to spectral variations in the same species as a result of issues 
such as age differences, soil and water background, or stresses most 
notably in the near-to mid-infrared bands.

Classification of various wetland vegetation species including P. 
australis poses a complex challenge utilizing remote sensing techniques. 
As stated by Shippert [17], standard multispectral image classification 
techniques are generally developed to classify multispectral images 
into broad categories while hyperspectral imagery provides an 
opportunity for more detailed image analysis for specific narrow range. 
Hyperspectral data derived vegetation classifications generally are 
possible due to the ability to distinguish species using known reference 
spectra or spectral libraries.

However, high-resolution imagery can have difficulty in resolving 
spectral variance within-class; sometimes pixel-based classification 
techniques are replaced with object-based methods such as “Region 
growing” [18]. Another method for classification known as linear un-
mixing [19] can be employed for sub-pixel analysis when a pixel is 
determined to be mixed vegetation [20].

The combination of radar and optical data provide promise for 
improved wetland classification [21]. The use of Light Detection and 
Ranging (LiDAR) has been noted to be helpful in separating the higher 
reed P. australis from lower marsh plants [22]. Improved classification 
results have been achieved utilizing ancillary data (e.g., aerial photos, 
soils data, field samples, elevation data, etc.) or rule-based expert systems 
[23]. Even so, there is still no agreed upon method that successfully 
distinguishes P. australis with very high accuracy. Some additional 
considerations in conducting research associated with detection and 
monitoring of vegetative species such as P. australis include the concept 
of periodicity or time, cost, and complexity of processing or usability.

Temporal resolution or how often a sensor revisits an area should 
be considered when determining presence and abundance of a wetland 
vegetation species such as P. australis. This point is even more relevant 
when conducting a change detection analysis. Furthermore, change 
detection of satellite imagery between different dates is complicated 
by the fact that the imagery used in any analysis typically requires 
preprocessing. Two primary components of the preprocessing stage 
include registration of multidate images and their radiometric 
rectification involving aspects such as variations in solar illumination 
and atmospheric scattering and absorption [18].

Environmental processes varying with time pose an obstacle 
in correctly detecting and classifying tidal wetland vegetation. A 
formidable challenge in detection and classification methods derives 
from the changing water level from one point in time to another. As 
the water level changes, the resulting spectral signature received by the 
remote sensor becomes mixed [24]. For a species such as P. australis, 
significant differences in spectral reflectance can also be observed as 
a result of the time of year based on different phenological stages of 
development such as in the fall season (Artigas and Pechmann) [20] 
(Figure 3).

In terms of managing natural resources at fine scales, the cost of field 

validation of multi- or hyperspectral imagery is relatively high limiting 
the use of remote sensing data due to uncertainty of the classifications 
[20]. A small wetland site may be adequately and reasonably covered 
with high-resolution satellite imaging. However, as the size of a study 
site becomes larger, it will likely become more cost-effective to utilize 
medium-resolution satellite imagery over high-resolution satellite 
imagery. Whereas aerial photography may be suitable for smaller 
wetlands or non-frequent observations, mapping or monitoring on a 
regional scale and increased frequency with such imagery would be 
costly and time-consuming to process.

Furthermore, the detection and mapping of invasive species such as 
P. australis in tidal wetlands is complicated not only by the complexity 
of the natural environment. The human element plays a crucial and 
costly role in the processing, analyzing, and decision making efforts 
[25]. In a study by National Oceanic and Atmospheric Association 
completed in 2006, the use of various remote sensing technology 
involving hyperspectral , medium- and high-resolution multispectral, 
and aerial imagery was compared. The study included the Blackbird 
Creek drainage basin. Results indicated the use of aerial hyperspectral 
imagery to be not user-friendly, complicated for average skilled 
personnel, and cost-prohibitive for the extent of the study area [26].

Although it is apparent no one method is best for detecting and 
mapping the extent of P. australis in the tidal marsh zones of Delaware, 
continued research efforts and open communication of results will 
further broaden the understanding of using various remote sensing 
technologies in related environments. Investigations of the effects of 
disturbances on habitat quantity and quality of the Blackbird Creek 
Watershed via monitoring P. australis invasion using satellite remote 
sensing will provide valuable data to enhance our understanding of 
the habitat conditions and assess the habitat. Monitoring P. australis 
invasion and its effect on blue crab abundance, which is an important 
indicator species in Delaware Bay, expands our knowledge pertaining 
to the impacts of invasive species on environmentally and economically 
important aquatic species. Additionally, results will enable decision 
makers to better conserve and manage coastal marine resources to meet 
economic, societal, and environmental needs. 
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