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ABSTRACT

Beginning in 1998, the lower St. Johns River, Crescent Lake, Lake George, and Doctors Lake were surveyed for
submerged aquatic vegetation (SAV) distribution. Three methods were used: (1) aerial photography interpretation,
(2) hydroacoustic mapping, and (3) ground-truth transects, used to verify the accuracy of the other two methods.
Each method provided some degree of unique information (e.g., plant density from hydroacoustics and species
composition from ground-truthing). However, only the calculated spatial extent from each method will be discussed
to facilitate comparison among the methods and to assess accuracy. Hydroacoustic mapping estimates were
generally biased toward overestimation compared to ground-truth data. Conversely, aerial photography
interpretation was biased toward underestimation compared to ground-truth data.  SAV spatial extent estimates were
4,822 acres for hydroacoustic mapping, 1,494 acres for aerial photography, and 1,610 acres for ground-truth
interpolations. Based on these preliminary estimates, remote sensing data did not agree well with the ground-truth
estimates. Refinements to the remote sensing methods will be evaluated to improve accuracy.

Introduction

Submerged aquatic vegetation (SAV) is an
important food source and habitat for a number
of organisms in the Lower St. Johns River Basin
(LSJRB). Manatees graze the deepwater edge of
the SAV beds and use the shallow areas for
cover (reviewed in Burns et al. 1997). Fish rely
on SAV beds for predator evasion and increased
foraging opportunities (Rozas and Odum 1988;
Heck and Crowder 1991; Jordan et al. 1996), as
do insects (Batzer and Wissinger 1996;
Lombardo 1997; Solimini et al. 1997). SAV
beds in the LSJRB have three-fold higher fish
abundance and 15-fold higher invertebrate
abundance than do adjacent sand flats (Jordan
2001). Thus, SAV-based production rates are
disproportionately higher than other areas of the
river and are critically important to the overall
health of the system.

The current SAV mapping effort began in
1995 to evaluate the quality and distribution of
estuarine and freshwater submerged habitats.
This ongoing effort is designed to quantify
ecosystem change in response to restoration
efforts and to provide information necessary for
the development of pollutant load reduction
goals and total maximum daily loads.

This edition of the SAV atlas includes data
for the year 1998. This is the first year that three
independent measures of SAV spatial extent
were simultaneously performed. These data and
maps are presented as a baseline against which
future surveys can be compared to assess
changes in the SAV coverage. Moreover, data
and maps are presented to make a preliminary
comparison of the efficacy of each method.
Remote sensing methods (i.e., hydroacoustic
mapping and photo interpretation) can be highly
efficient ways of SAV mapping under the right
conditions. However, the LSJRB can be stained,
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turbid, and mucky, reducing the accuracy of the
remote sensing methods. Therefore, a secondary
goal for the atlas was to compare remote sensing
data to ground-truth data to gauge the accuracy
of each method.

Methods

Hydroacoustic Mapping

The hydroacoustic survey used a sonar
signal emitted downward from a transducer
attached to a boat zigzagging slowly between the
shoreline and beyond the maximum depth that
SAV is known to grow in the LSJRB. The
hydroacoustic equipment was connected to a
global positioning system (GPS) so that each
echo reading corresponded to a geographic
coordinate. The signal return intensity and GPS
data were post-processed by BioSonics software.
The post-processing software generated a series
of position-referenced vegetation attributes (e.g.,
SAV presence, density) that were entered into a
geographic information system (GIS) for maps
and further spatial analysis.

Aerial Photography

True color aerial photographs
(transparencies) were obtained at a scale of 1" =
1000' in the spring of 2001. Spring was chosen
because the St. Johns River has the lowest
annual water levels and color at that time and
hence the best chance of visualizing SAV. Flight
times and angles were optimized for photo
interpretation by considering the following
parameters: low tide, high sun angle (to
minimize shadows), and near-vertical flight path
(to minimize interference of shoreline
structures). Vegetation boundaries were then
traced from the transparencies, digitized, and
spatially referenced to the same coordinate
system as the hydroacoustic and ground-truthing
data, to allow data comparison.

Ground-Truth Transects

Seventy-seven sites were selected to ground-
truth the hydroacoustic and aerial surveys. At
each site, a transect was run from the shoreline
to beyond the terminus of the SAV bed. The
line-intercept method was used to record species

present and percent cover; transect length was
recorded, and the two endpoints for each
transect were recorded using GPS. Transect
length and geo-referenced endpoints were
entered into GIS. For comparative purposes,
transect length was compared to spatial
coverages derived from the hydroacoustic and
aerial photo surveys. Spatial coverage was also
estimated using coarse interpolation wherein the
mean distance between each transect was
multiplied by transect length to derive a segment
area. Segment areas were then summed to
estimate SAV spatial extent for the region that
was ground-truthed. Comparisons among the
methods include identical regions of the
mainstem channel running approximately from
Brown’s Landing north to the Ortega River.

Results and Discussion

Hydroacoustic mapping and aerial
photography were both used to survey SAV in
the LSJRB during 1998. Seventy-seven ground-
truth transects were also established to assess the
accuracy of each of the remote-sensing methods.
Each method provided markedly different results
with respect to SAV spatial extent (see map
sheets, following). This atlas edition will present
and discuss those data only from 1998 and
discuss some recommendations for future data
sets.

Hydroacoustic mapping was performed in
Crescent Lake and in the mainstem river channel
from Palatka to Jacksonville. Resulting maps
indicated a relatively uniform band of littoral
SAV throughout much of the mapped region.
However, when the margins of the SAV beds
indicated by hydroacoustics were compared to
margins generated by ground-truth transects, it
appeared that the hydroacoustic method
overestimated the extent of the SAV coverage
(Table 1). One quarter of the transect sites were
congruent with the hydroacoustic mapping, and
there was only one failure to identify extant
SAV. The overestimate/underestimate bias is
heavily shifted to overestimates of SAV
coverage. The estimated spatial extent (Table 2)
is also higher than the other two survey methods.
Thus, this method appears to exaggerate the
SAV coverage present in the St. Johns River.
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Table 1. Comparison of remote sensing methods to ground-truth transect data

Method Correct* Overestimate Underestimate Not Indicated†

Hydroacoustic
mapping 19 (25%) 49 (64%) 8 (10%) 1 (1%)

Aerial photography 25 (32%) 3 (4%) 37 (48%) 12 (16%)

Note: Numbers indicate the raw number of sites in each category and the percentage of the 77 total transects.

*The mapped extents of each method were considered correct if the outer margins were within 10 meters of the end point of the
measured transect.
†Remote sensing methods failed to detect vegetation.

Table 2. Estimated spatial coverage by
submerged aquatic vegetation survey
method

Method
Estimated Spatial
Coverage (acres)

Hydroacoustic
mapping*

4,822

Aerial photography* 1,494

Ground-truth transects† 1,610

Note: These estimates have not been verified and are
offered only for comparative purposes.

*Estimated using a geographic information system.
†Estimated using interpolation.

The most important criterion in
hydroacoustic mapping is the return signal
intensity from the sonar transducer. At a certain
level of signal attenuation, SAV is assumed to
be absorbing the sound energy and a threshold
value is established at this level. Values less
intense than this threshold value are considered
SAV and more intense values are considered
hard substrate. This approach works well in
hard-bottomed lakes. However, the St. Johns
River contains areas with either mucky
sediments or vegetative litter. These soft
sediments attenuate the sonar signals and
register false positive signals for SAV presence.
Clearly, any areas with soft or flocculent

sediments may artificially inflate estimates of
SAV cover. It may be possible to calibrate the
signal strength threshold, or other parameters, in
order to improve the accuracy of the method.
District staff will be considering ways to
improve the hydroacoustic mapping using later
data sets.

Aerial photography interpretation was also
performed in the LSJRB. While the
hydroacoustic mapping ended near the Ortega
River, aerial photo coverage extended to the
mouth of the St. Johns River. We were unable to
ground-truth photo data north of the Ortega
River since no transects were performed north of
that point. However, the photo data did not
indicate any apparent SAV downstream from the
Ortega River. Comparison of the photo-derived
coverage with transect data indicated that the
photo interpretation method appears to
underestimate SAV coverage (Table 1). The
photo-derived coverage correctly identified SAV
extent at a rate slightly better than the
hydroacoustic method, and overestimation of
SAV extent was rare. Photo interpretation failed
to detect SAV at a considerable proportion of
the transect sites. Including sites where SAV
was not detected, photo interpretation
underestimated SAV at 64% of the transect sites.
The overestimate/underestimate bias is heavily
shifted to underestimates of SAV coverage using
photo interpretive methods. Photo-derived
spatial coverage follows this pattern (Table 2),
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showing reduced spatial extent compared to
hydroacoustic and ground-truth methods.

A number of factors likely contribute to
underestimates when using the photo
interpretive method. The St. Johns River can be
stained or highly turbid, or both, depending on
season, weather, and tides. Any of these
conditions will obscure the SAV signature in the
photos and reduce the accuracy of the method.
Additionally, SAV at the outer margins of the
beds may be shorter because of grazing or light
limitation. The combination of shorter plants and
deeper water at the outer margins results in a
lower likelihood of detection. Finally, there can
be differences in how SAV is identified among
analysts with varying levels of experience. Any
or all of these effects may have contributed to
the underestimation of SAV spatial extent using
photo interpretation.

Improvements are being considered that
may potentially improve the accuracy of each
method. The District will be upgrading the
hydroacoustic software, which should result in
greater sensitivity and resolution. Hydroacoustic
mapping may also be improved by changing
post-processing thresholds for return signal
strength or other measurements. In addition,
adjusting the depth cutoff for tidal movements
may also improve the accuracy. Aerial photo
interpretation may be improved by employing
interpretation of digital images rather than film
images. Using digital images allows small color
differences between pixels to be magnified,
thereby increasing the accuracy of SAV
delineation. Using three-dimensional projections
of the digital images may further enhance the
utility of the imagery. The District is considering
using one or more of these enhancements on
this, and subsequent, data sets to improve
mapping accuracy. Remote sensing techniques
can be cost-effective and cover large areas
quickly. However, the appropriate technique
should be used and modified for the particular
system monitored.
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