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Abstract 

In southwest Florida, seagrass habitat maps interpreted from aerial 

imagery are of questionable accuracy.  The Cape Romano area within the 

Ten Thousand Islands is known to have extensive submerged aquatic 

vegetation (SAV).  This area has been mapped previously using high 

resolution aerial photography (Collier County Seagrass Protection Plan, 

1991).  The two main factors affecting the accuracy of these maps are water 

clarity and misinterpretation of unattached drift algae as seagrass.  Slight 

changes in water depths and clarity can lead to significant differences in 

aerial photograph interpretation. The objective of this project was to map SAV 

distribution in a 2000 acre area within the Reserve using both high resolution 

aerial photography and side-scan sonar imagery and to compare the 

accuracy of the techniques.   

The accuracy of each technique for mapping the distribution and the 

density of SAV was assessed using underwater digital photography.  The 

results indicate that the overall accuracy of the 100-400 kHz sonar and aerial 

imagery derived seagrass map and usefulness of each method to detect 

habitat change were not significantly different.  Aerial imagery appears to be 

the most cost effective management tool to detect changes in seagrass 

habitat coverage of the Cape Romano Shoals area and similar areas with 

secchi depths greater than one meter.   In areas with secchi depths of less 

than 0.5 meter the sonar imagery will be more useful.  If other habitat features 

(propeller scars, hard substrate, worm tubes, sediment features) are 

important then sonar is the recommended imagery.  Either mapping 

technique was estimated have the ability to detect approximately 10-22% 

change in this seagrass habitat depending on oceanographic conditions. 
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Introduction 
 The primary seagrass species in the study area are Halodule wrightii 
(shoal weed, Figure 1a), Halophila englemanni (star grass, Figure 1b), 
Syringodium filiforme (manatee grass, Figure 1c) and Thalassia testudinum 
(turtle grass Figure 1d) (Nalley et al., 1997). Other attached submerged 
vegetation includes the algal species Caulerpa verticillata, Caulerpa sertularoides 
and Acanthophora spicifera (Nalley et al., 1997).  Uranowski (1996) studied the 
seasonal biomass, productivity and community composition of macroalgae in the 
Reserve.  The algae assemblage was dominated by the red algae, Bostrychia 
scorpioides, followed by the green algae Boodleopsis pusilla.  Twenty-two other 
algal species, including nine chlorophyta and thirteen rhodophyta were also 
recorded.     
 
  A.       B. 

 
C.    D. 

 
 
Figure 1.  The four most abundant seagrasses at the study location: A. Halodule wrightii 
(shoal weed), B. Halophila englemanni (star grass), C. Syringodium filiforme (manatee 
grass) and D. Thalassia testudinum (turtle grass). These are actual images obtained using 
underwater digital photography in the study area during this project. 
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 Knowledge of the distribution of critical habitats such as SAV, oyster 

reefs, and other biologically diverse substrates is essential information for 

resource management in this region.  Benthic characteristics of pristine estuarine 

habitats provide important management information for guiding local public use 

policy and for establishing regional targets for restoration.  The area we studied 

is also important for the conservation of threatened and endangered species and 

for use by local recreational boaters and fishermen. The study site is part of the 

Ten Thousand Islands, an important habitat to ten federally listed species and 

several commercially important species, including blue crabs, (Callinectes 

sapidus), stone crabs (Menippe mercenaria) and pink shrimp (Penaeus 

duorarum).  Many of these species either directly use seagrass habitats or 

depend upon species that benefit from seagrass habitats (Table 1.). 

 
Table 1. Federally Protected Species within the Ten Thousand Islands. 

Trichechus manatus (West Indian Manatee) 
Caretta caretta (Atlantic loggerhead turtle) 

Chelonia mydas mydas (Atlantic green turtle) 
Crocodylus acutus ( American crocodile) 

Eretmochels imbricata imbricata (Atlantic hawksbill turtle) 
Lepidochelys kempi (Kemp's ridley turtle) 

Charadrius melodus (Piping plover) 
Rostrhamus sociabilis plumbeus (Everglades snail kite) 

Sterna antillarum (Least tern) 
Pristis pectinata (Smalltoothed Sawfish) 

 

We used an acoustic remote sensing method (side-scan sonar) and 

traditional aerial photo interpretation to develop two SAV coverage maps.  

Randomized sampling with georeferenced underwater digital photography was 

used to assess the accuracy of the maps produced by each technique for 

mapping the distribution and the density of SAV. 
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Naple
 

Study 
 

Figure 2.  Location of the study site (yellow outline) and Rookery Bay 
NERR managed boundary (green outline). 

Methods 
          The mapped area was approximately 2000 acres of the Cape Romano 

Shoals, Collier County, Florida (Figure 2).  Aerial photography was flown over the 

entire area during the same day and the side-scan survey was completed within 

one month of this flight.  Water visibility, as measured by secchi depth, was 

obtained during both surveys.  Direct SAV observation using georeferenced 

underwater digital photography occurred while aerial and side-scan surveys were 

being conducted.  An equal number of these photos were used to assist in the 

interpretation of the aerial and side-scan derived SAV maps. 

 Aerial Photography 
          US Imaging, Inc produced 1:24,000 scale nine-inch-by-nine-inch true color 

aerial imagery.  The area was flown April 2005 during a low tide using the 

specifications provided below (Table 2).  The aerial photography was 

professionally scanned into high resolution 50 MB tif images.  ArcGIS 8.2 was 

used to georeference the images to the 1999 USGS Digital Ortho Quarter Quads 

and UTM geotifs were produced.   Polygon shapefiles were created using ArcGIS 

to delineate SAV habitats. 
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Table 2. The specifications used to obtain the aerial imagery for the project. 

Photo Scale:1:24,000. 
Camera Type:Six-inch focal length 
mapping camera(s) with USGS 
calibrations no older than three years. 
Flight Height:12,000 feet. 
Flight times: 11 a.m. to 1 p.m. Eastern 
Standard Time. 
Flight Schedule: Flights must be 
completed as soon as all weather 
conditions and water clarity permit. 
Film Type: New Kodak Aerocolor 
negative film 2445, or equivalent.  
Single positive transparencies for all 
areas.  All film will be delivered to the 
Reserve with appropriate labeling as to 
project name, date, roll, frame number, 
fiducials, and camera attitude 
information. 
End Lap: 60 percent (for stereo 
reflection and sun reflection 
compensation). 
Side Lap: 30 percent. 

Maximum Tilt: 3 degrees. 
Direction of Flight: North-south. 
Solar Altitude Limits: 35 degrees 
minimum. 
Sea Conditions: Tidal stage no greater 
than 2 NGVD based on tide predictions 
from Coon Key Pass.  wave heights no 
greater than 2 feet. 
Water Clarity: Secchi disk depth no 
less than 1.5 meters, based on data 
provided on the day of the flight by the 
Reserve. 
Sunspot Tolerance:Minimum. 
Haze Tolerance:Minimum. 
Allowable Cloud Cover:0 percent, 
unless otherwise authorized by the 
District Project Manager, but shall not 
exceed 5% in any frame. 

 

 
Side-Scan Sonar  
The side-scan sonar data acquisition system included an Edgetech 272-T 

single frequency 100 kHz analog towfish, an Edgetech 272-TD dual frequency 

100/400 kHz analog towfish, kevlar tow cable, Edgetech ACI interface, 

TritonElics Chico acquisition board, and ISIS Sonar version 6.9.29.61 acquisition 

and processing software. In order to navigate and maximize access to the 

shallow shoal areas, the survey was conducted during spring high tides on May 

23, 24, and 25, 2005. The full study area was surveyed at a 130 m line spacing 

using the 100 kHz frequency and 170 m swath recording yielding 2824 acres of 

coverage. A smaller subset, encompassing the large shoal near Cape Romano, 

was conducted using the 400 kHz frequency at 45 m line spacing and a 110 m 

swath recording yielding 374 areas of coverage (Figure 3).  
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The side-scan towfish was deployed from a bow davit on USF’s 25 ft. 

coastal research vessel R/V PRICE. Water depths during the survey ranged 1-2 

m over the shoal areas and 4-5 m depth in the deeper channel areas. The tow 

line included a shock-corded pulley system to reduce towfish motion. Sea states 

approached 0.8 m at times during the survey so some motion attenuation was 

necessary.  

A Trimble NT300D 12-channel differential GPS provided submeter real-

time positioning. Post processing of the side-scan imagery involved navigation 

and layback corrections, slant range corrections, tuning gain functions, and 

beam-angle correction to improve the imagery. ISIS Sonar was used to process 

individual lines and output georeferenced sonar imagery at 10 cm pixel 

resolution. The line imagery was mosaicked using Delphmap GIS 

Figure 3. Plot of track line coverage for the 100 and 400 kHz side-
scan sonar survey on Cape Romano Shoals.  
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by TritonElics. The mosaicked imagery did not use the full recorded swaths as 

the image quality decreases with range. The 100 kHz mosaic used a 77 m per 

side range, and the 400 kHz mosaic used a 35 m side range (70 m swath). Each 

Delphmap mosaic was output to UTM geotiff images in sections because the full 

size mosaics were too large to be output as single image files at the 10 cm per 

pixel resolution. The side-scan backscatter imagery is presented with higher 

backscatter having darker grayscale intensity. Canvas GIS version X was used 

for interpretation, integration of data sets, and creating shapefiles of bottom type. 

 
Map Accuracy Assessment 
To objectively compare the accuracy of seagrass mapping using aerial 

and side-scan sonar technology it is essential to obtain imagery during the time 

of year when seagrass density and water clarity are optimal.  In southwest 

Florida this time period occurs between March and June.  We obtained the aerial 

imagery in April 2005 and side-scan sonar in May 2005.   During this same 

period we used an underwater digital camera (Cannon PowerShot S1IS, 3.2 

Mega Pixels with WP-DC20 waterproof case) mounted on a platform with an 

attached above-water GPS unit (Trimble TSC1 DGPS) for direct SAV 

observation.  The area represented in each photograph was approximately 20 X 

20 cm (400 cm2.)  One-hundred-eighty randomly distributed and georeferenced 

digital photographs were obtained in the study area.  The positions of these 

photos were recorded to submeter accuracy.  The photographs were evaluated 

for presence or absence of seagrass, species composition and percent 

coverage.  The initial habitat maps produced from the aerial and side-scan 

imagery were fine-tuned using 19 of these photographs.  The remaining one 

hundred sixty-one photographs were then available to assess the accuracy of 

both mapping techniques. Three accuracy scores were used in this evaluation 1) 

the percent accuracy in detecting the presence of seagrass, 2) the percent 

accuracy in detecting the absence of seagrass and 3) the overall accuracy. To 

calculate these values we used the total match (mapping technique versus direct 

observation) divided by the total observations in the dataset multiplied by one-
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hundred.   The 95% confidence interval for these estimates was obtained for 

these proportions using NCSS (Hintz, 2001). 

 

Results 
 

 Aerial Imagery 
 

Aerial imagery of the study site was obtained on April 14, 2005 (Figure 4).  

Secchi depth obtained on this date was tidally dependent and ranged from .61 

(flood tide) to 1.23 m (ebb tide).  A total of 161 underwater digital photos were of 

suitable clarity to assess the accuracy of the mapping method.  The seagrass 

map from aerial image interpretation (Figure 5) had an overall accuracy of 77.6% 

(95% CI = 70-84%).  Aerial image interpretation demonstrated an 80.9% match 

when seagrass was present in the underwater photo and 73.6% match when no 

seagrass was found in the underwater photo.  Given this accuracy, it can be 

estimated that this technique under similar oceanographic conditions will be able 

to detect an overall change in seagrass habitat of approximately 22.4%. 
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Figure 4. Aerial imagery of the study area obtained on April 14, 2005.  
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Side-Scan Sonar 
Side-scan (100 kHz) sonar imagery of the study site was obtained on May 

23, 24, and 25, 2005 (Figure 6).  One hundred seventy underwater digital photos  

were used to assess the accuracy of the side-scan interpretation.  The seagrass 

map from 100 kHz sonar image interpretation (Figure 7) had an overall accuracy 

of 78.2% (95% CI = 71-84%).  Sonar image interpretation had a 93.5% match 

when seagrass was present in the underwater photo and 59.7% match when no 

Figure 5. Interpretation of the aerial imagery obtained on April 14, 2005 with 

digital photo points overlay. 
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Figure 6. The 100 kHz side scan sonar imagery.  

seagrass was found in the underwater photo.  Given this accuracy, it can be 

estimate that this technique under similar condition will be able to detect an 

overall change in seagrass habitat of approximately 21.8%.  
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A subset of the study area was interpreted using 400 kHz side-scan sonar 

(Figure 8.).  The overall accuracy using 400 kHz sonar was 85.9% (95% 

Confidence interval = 76 -93%) (Figure9) versus 90.1% (95% Confidence interval 

= 81 -96%) for the aerial imagery in this subset of the study site.  Change 

detection sensitivity is estimated to be approximately 14.1% for the 400 kHz 

sonar technique and 9.9% for the aerial imagery technique.  The 400 kHz side-

scan technique produced more detailed imagery than the other methods (Figure 

10.). 
 
 

 

Figure 7. Interpretation of the 100 kHz side scan 
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Figure 8. The 400 kHz side-scan sonar imagery. 
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Discussion 

 
The overall accuracy of the sonar and aerial photo interpretation was 

approximately 78.2% and 77.6% when compared to random sampling using 20 X 

20 cm photo points. Sonar imagery appears to have an enhanced accuracy at 

detecting seagrass whereas the aerial photo interpretation was more accurate in 

detecting the absence of seagrass.  Neither method is accurate enough to detect 

changes in seagrass coverage of less than approximately 20%.  When the study 

area was limited to the main seagrass bed on the largest shoal, both the aerial 

image and 400 kHz sonar interpretation techniques exhibited improved accuracy. 

Figure 9. Interpretation of SAV based on the 400 kHz side-scan sonar imagery.  
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For this shoal it is estimated that these techniques can be used to detect a 

change of approximately 10% or greater.  

 

 

The timing of an aerial and sonar survey is important because wind, 

waves, and current interactions will affect the image quality. A seagrass survey in 

this setting is best run at the calmest possible time – however that is not always 

practicable, as in this case, where the survey was restricted to the cycle of spring 

high tide needed to navigate the shallow shoals for sonar equipment or the 

schedule for aerial imagery specifications. These environmental factors impacted 

the 100 kHz data quality somewhat in this study causing some loss of image 

quality in the less protected seaward areas of the study. The 400 kHz mosaic 

imagery, acquired on a calmer day, resulted in better quality.  Consequently, 

the400 kHz mosaic allowed for a clearer assessment of SAV in contrast to the 

100 kHz imagery (Figure 10). The seagrass boundaries are well defined and 

many other features are discernable in the detail. Prop scars are much more 

identifiable, as are the sand patches and mottled sand/grass areas within the 

seagrass (Figures 11 and 12). A boat wreck located on the northern end of the 

shoal is identifiable as such in the 400 kHz imagery, but not so in the 100 kHz 

imagery (Figure 10).  However the 400 imagery did not indicate the kind of 

variation in contrast that seemed present in the 100 kHz imagery. 

Figure 10. Left side: The washed-out low-backscatter 
response in a seagrass area on the large shoal (left) from 
the 100 kHz mosaic. Right Side: the exact same area from 
the 400 kHz mosaic that clearly reveals better detail 
delineating seagrass cover and is better for interpretation. 
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Figure 11.  Mosaic of 400 kHz sonar imagery showing features typically 
identified by the imagery. 
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Conclusion 
 

For this study, both sonar and aerial photography provide useful imagery 

to delineate seagrass habitats. These techniques require ideal oceanographic 

conditions to be most accurate.  At the present time aerial imagery acquisition is 

Figure 12.  Propeller scar map of the main seagrass bed.  Using aerial interpretation of a 
2003 image and results of 2005 side scan imagery propeller scar change analyses is 
possible. 

 18 



approximately one tenth of the cost of side scan imagery.  The cost of the sonar 

imagery included habitat interpretation.   

Based on this project’s results, the accuracy of the 100 kHz sonar and 

aerial imagery derived seagrass map and the usefulness of each method to 

detect change in this seagrass habitat was equal.  At the present time, aerial 

imagery appears to be the most cost-effective management tool to detect 

changes in seagrass habitat coverage of the Cape Romano Shoals area and 

similar areas with secchi depths greater than one meter.   In areas with secchi 

depths of less than 0.5 meter the sonar imagery will be more useful.  If other 

habitat features (propeller scars, hard substrate, worm tubes, sediment features) 

are important then sonar is the recommended imagery.  In general, the resolution 

of the 400 kHz imagery appeared superior to the 100 kHz imagery although 

some degree of higher contrast within a seagrass habitat, under the right 

oceanographic conditions, can be obtained by the 100 kHz imagery.   

Regardless of the imagery used, a standardized method to assess the 

accuracy of any mapping product is essential for estimating its sensitivity to 

detect habitat change.  During this study we estimated that both methods were 

able to detect an overall 10-22% change in this seagrass habitat depending on 

the oceanographic conditions at the time of imagery acquisition.  

Side-scan sonar data processing and visualization is an advancing 

technology.  Additional research focused on data interpretation may lead to 

enhanced accuracy of this method for mapping seagrass habitats.  The current 

project demonstrated the use of this technology for mapping propeller scar 

patterns.  Based on this information the Reserve will be working cooperatively 

with local Government agencies to develop a seagrass protection plan for this 

important habitat.  
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