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Introduction 
Eelgrass is a critical marine fisheries habitat and its aerial extent is declining in 
Massachusetts (Costello and Kenworthy 2011).  In addition to hosting higher biomass 
and diversity than other marine habitats, the capacity for aquatic ecosystems to store 
carbon, or so-called “blue carbon,” is estimated to be significant to global carbon cycling 
with the potential to impact climate change modeling (Sifleet et al 2011). 
 
In order to estimate the carbon storage of an individual eelgrass meadow, the process 
includes measuring carbon content of above- and below-ground biomass and then using 
the area of the meadow to estimate total carbon content for the meadow (Duarte et al 
2010; Kennedy et al 2010).  The more accurate the meadow area measurement, the more 
accurate the carbon content estimate. 
 
In 2015, one meadow in Cohasset, MA and one meadow in Sandwich, MA were mapped 
at high spatial resolution for the purposes of estimating total carbon content (Figure 1).  
In both Cohasset and Sandwich, existing aerial photographic assessments of eelgrass 
were available from the Massachusetts Department of Environmental Protection eelgrass 
mapping program which delineated the meadow at a resolution of ~1:10,000 in 2012.  In 
Sandwich, an eelgrass meadow was previously mapped in 2015 by a consultant planning 
an adjacent beach nourishment project and the shoreward extent of eelgrass was 
identified by an EPA biologist who had been snorkeling in the area in 2015.  Therefore, it 
was the goal of this project to map the eelgrass meadows at each of the two study areas at 
optimal spatial and temporal resolution.  Therefore, the mapping scale was set at 1:1,000 
and data was collected in the same month as the cores for carbon measurement were 
collected.   
 
An ancillary goal for this research project was to optimize the acoustic and video 
methods for shallow, small-boat surveys.  A presentation of this work was given in 
December 2015 to a working group of seagrass experts.  The presentation is available in 
the Appendix.  
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b 
Figure 1. a) Location of Cohasset of Sandwich. b) Cohasset pre-study eelgrass map. c) Sandwich pre-study 
eelgrass map. 
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Methods 
Field methods. A Humminbird 698SI transducer was mounted on a pole and attached to a 
StarCraft 16 foot aluminum skiff using a trolling motor bracket (Figure 2a).   

a b 
Figure 2. a) Transducer on trolling motor mount. GPS antenna is in control head mounted on table in front of 
the boat operator at stern of boat. b) Drop camera system. 

 
The transducer includes a 455 kHz sidescan sonar and an 83/200 kHz dual beam 
downward-looking bathymetric sonar. The GPS is integrated into the sidescan processing 
unit located 6 feet away from the transducer.  This system has been used for mapping of 
fish habitats in previous studies (Kaeser and Litts 2010).  The range was 115 feet (230 
foot total swath width) and gain was 10.  On August 13, 2015 14 transects (4 miles total 
length) were run in Sandwich and on August 14, 2015 16 transects (6 miles total length) 
were run in Cohasset.  Parallel lines were spaced 200 feet apart based on visual 
assessment to allow for at least 150% coverage of sidescan.   
 
Sidescan was groundtruthed using a GoPro Hero2 camera in an underwater housing that 
was tied to bottom of a line weighted with a 1 pound dive weight (Figure 2b).  The 
camera is 11 megapixels (CMOS) with auto focus and auto white balance.  It recorded 
images every second.  Stations were distributed in an approximate grid pattern across the 
study area.  At each station we first imaged a white board with the station number to 
differentiate station photo sets easily during processing then deployed the camera to the 
seafloor for about 10 seconds.  Once the camera was on the seafloor the station location 
was marked on the GPS using the waypoint feature of the GPS unit and was hand 
recorded on field sheets.  The camera was turned off between stations.  Forty-four 
stations were completed at Cohasset and forty-three stations were completed at Sandwich 
(Figure 3). 
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Figure 3. Cohasset (a) and Sandwich (b) sidescan sonar transects and video stations. 

 
Photo Processing.  The best station white board image and three to five seafloor images 
per station were saved for groundtruthing and all other images were deleted.  In Picasa, 
images were rotated for proper orientation and all images from a single station were 
georeferenced using the station location.  We estimate locational error to be on the order 
of 30 feet based on the short time the camera was in the water and our limited drift.  In 
Picasa Web Albums a Google Earth overlay was generated indicating the location of each 
photo station and linking to the station photo set.  An Excel table was generated with the 
latitude and longitude of each station and a habitat classification for each station.  The 
habitat classifications included both sediment and vegetation (Table 1).  The Excel table 
was exported to ArcGIS for Desktop version 10.2 (ArcGIS) and converted to a feature 
class. 

Table 1. Sediment and vegetation classes. 
Sediment Vegetation 
boulder dense eelgrass 
boulder mix dense red algae 
cobble Fucus 
cobble mix patchy eelgrass 
pebble  patchy red algae 
pebble mix  
coarse sand  
sand  
sand mix  
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Acoustic Processing.  Slant range correction, water column removal, and beam angle 
correction were done using default settings in Sonar TRX Pro version 13.1.5294.16223.  
Each survey line was exported as a master image to ArcGIS in GeoTIFF format.  All 
survey lines were combined in a single ArcGIS map document and optimal overlay for 
the mosaic image used for eelgrass interpretation was achieved manually; the individual 
survey lines were not merged.   
 
Bathymetry. Data collected during the survey included depth data produced by the dual 
beam echosounder on the Humminbird unit.  The echosoundar data (not tide corrected) 
from each survey line was merged to a single data file which was used in ArcGIS for 
Desktop version 10.2 to create an inverse distance weighted bathymetric surface with a 
cell size of 2 m.  Contour lines at a spacing of 0.5 m were created using the Contour tool 
in Spatial Analyst.  Pre-existing NOAA data products were also utilized for analysis: a 
NOAA estuarine bathymetry digital elevation model (DEM) which compiled data from 
NOAA oceanographic surveys between 1933-1971 (NOAA 1998) and a US Army Corps 
topographic lidar dataset collected in June 2013 (USACE 2015).  Bathymetric work was 
done only in Sandwich due to the paucity of pre-existing eelgrass information in 
Sandwich.   
 
Eelgrass Mapping.  A combination of groundtruth photos, acoustic imagery, and aerial 
imagery were used to delineate areas of dense eelgrass, patchy eelgrass, and no eelgrass 
at the two study sites.  In ArcGIS, classified photo stations were overlaid on the sidescan 
sonar mosaic image and lines were drawn by hand around regions with distinct texture in 
the sonar image.  As needed, groundtruth photos were reviewed in Picasa photo viewer, 
raw, pre-processed sonar data was reviewed using HumViewer version 86, and 
bathymetric data were used to interpret the boundaries of the eelgrass beds.  Dense 
eelgrass filled entire photos and occurred contiguously.  Patchy eelgrass did not fill the 
entire photo and clear gaps between smaller patches were visible.  Patchy eelgrass also 
includes areas where eelgrass occurs in sparse groups of several blades.  Where 
necessary, pre-existing aerial photography collected by the USGS in mid-late April 2014 
was used to augment meadow delineation (MassGIS 2015). 

Results & Discussion 
Cohasset.  Cohasset is a moderately well-protected north-facing sand flat that slopes from 
about 5 feet deep in the south to 25 feet deep in the north.  A prominent navigation 
channel with a depth of 30 feet occurs to the west of the eelgrass meadow, though the 
meadow was growing into the channel in one area near the southwest of the study area.  
To the east the study area shallowed to exposed rocky islets and was dominated by a 
granule-pebble seafloor (Figure 4a).  The meadow was dominated by a monospecific, 
dense eelgrass stand with low epiphytic cover and (Figure 4b-c). A large less dense area 
occurred between a dense stand to the southwest and a dense stand to the northeast 
(Figure 4d).    
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a b 

c d 
Figure 4. Habitats in Cohasset study area.  Station 8 (a) with granule-pebble bottom,  Station 35 (b) and Station 
25 (c) with thick, dense eelgrass, Station 4 (d) with less dense eelgrass. 

 
The DEP estimate of the acreage of this eelgrass meadow and a nearby patch to the west 
that overlaps our study area is 84.0 acres (Figure 5a).  DEP also mapped a 17.22 acre 
meadow to the north and east of the study area that we are not considering part of our 
study area or as part of the meadow since a spit divides the two meadows.  That meadow 
was not included in our comparison.  We mapped 43.8 acres of dense eelgrass, 12.7 acres 
of less dense eelgrass, and interpolated over gaps to add 1.1 acres of dense eelgrass.    
Since the scope of our study did not enable mapping the full extent of the eelgrass in the 
area, the DEP eelgrass maps were used to add 25.1 acres to estimate a total meadow area 
of 82.7 acres (Figure 5b).  Our mapping effort was highly consistent with previous aerial 
mapping in the area and yielded a difference of only 1.3 acres.  The key difference was a 
higher resolution definition of the boundary of the meadow which resulted in the 
delineation of an approximately 3.9 acre gap in the center of the bed.  Another key 
difference is that we differentiated between dense and patchy eelgrass. 
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a b 
Figure 5. Maps of Cohasset eelgrass meadow by a) DEP in 2012 and b) this study in 2015. The basemap is from 
2014 USGS aerial photography available through MassGIS. 

 
Sandwich.  In Sandwich, the study area is an exposed rocky intertidal and subtidal area 
with a prominent hook-shaped sand flat on the western side.  Recreational fishermen 
were active on the seaward side of the study area and lobster pots were found in the study 
area.  Large schools of baitfish were visible from the surface and in groundtruthing 
images.  The study area slopes gradually seaward from the beach to a depth of 25 feet.  
The area is characterized by a pebble-cobble-boulder bottom on top of sand; several 
prominent boulders create navigation hazards.  This study area had a greater diversity of 
habitat types which makes interpreting the sidescan sonar more challenging. Algae, 
primarily Fucus spp., grows close to shore in some areas with and in some areas without 
eelgrass.  Both the Fucus and eelgrass were clearly visible in the acoustic imagery with a 
characteristic “fuzzy” texture (Figure 6).  The Fucus could not be distinguished from the 
eelgrass in the acoustic imagery. 
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b c d 

Figure 6. Eelgrass and Fucus habitats at Sandwich. a) Sidescan sonar record with photo sites.  b) Photo from 
site 1 where no eelgrass was seen. c) Photo from site 13 shows mixed algae, eelgrass, and a boulder.  d) Photo 
from site 18 showing all eelgrass.  All have similar acoustic signatures. 

Eelgrass was found at a minimum depth of 2.6 m and a maximum depth of 6.2 m 
(uncorrected depth based on survey echosounder).  All eelgrass found was inside of the 
12 foot contour on NOAA nautical charts.  The eelgrass stand had low epiphytic cover 
and ranged from dense to patchy.  Close to shore there was a zone of Fucus and eelgrass 
mixing.  On the deep edge of the eelgrass meadow the eelgrass became gradually 
interspersed with tufted red algae until the eelgrass disappeared altogether and red algae 
dominated the hard bottom.  Boulders were visible in the acoustic imagery but there were 
no obvious acoustic patterns distinguishing the sand and granule-pebble-cobble bottom.  
This could be examined in more detail by additional work with the image contrast and the 
raw data files which have a higher resolution than the slant-range corrected data.  The red 
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algae that epiphytized hard bottom in deeper waters was not visible in the acoustic 
imagery (Figure 7).   

a 

b c d 

Figure 7. Eelgrass and red algae habitats at Sandwich. a) Sidescan sonar record with photo sites identified with 
yellow dots at a scale of 1:1,000. b) Photo from site 35 showing eelgrass. c) Photo from site 39 showing red algae 
on sand bottom. d) Photo from site 40 showing red algae on boulders. 

A previous map of eelgrass in this general area was generated by a consulting company 
for the purposes of designing a beach nourishment project.  The eelgrass mapped in that 
study found relatively small patches of eelgrass (less than 0.5 acres) and not in the same 
vicinity.  We mapped 17.1 acres of dense eelgrass and 4 acres of patchy eelgrass for a 
total of 21.1 acres.  Based on our field reconnaissance, this meadow is discrete, and does 
not continue significantly beyond the confines of the study, but we did not fully map the 
southeastern corner of the bed.   

In an attempt to better delineate the full extent of the bed, we first studied the best aerial 
photography available for the area, the 2014 USGS aerial photography (MassGIS 2015).  
Other aerial photography was considered, including Bing Maps, Google Earth, Google 
Maps, and ESRI Imagery Basemaps, but none had the needed resolution or clarity.  The 
quality of even the USGS imagery in this area is mixed, with glare to the west and poor 
resolution to the east (Figure 8).  However, vegetation could clearly be seen.   
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Figure 8. 2013 USGS aerial photography available through MassGIS  

We also used bathymetric contours created with the depth data collected during the 
survey, a NOAA DEM, and USACE lidar data to consider the shoreward and seaward 
edges of the eelgrass meadow in more detail.  Studying the bathymetry enabled us to 
more accurately extend our assessment to the south and east of the original study area, 
where more vegetation was clear in the aerial photos (Figure 9).  We defined the seaward 
edge to stay within the -3.2 m contour from the N180 map, and used a break in the 
meadow, visible in the aerial photography, to define the eastern side of the meadow.  The 
shoreward edge of the meadow utilized the 2 m contour from the N180 which was 
consistent with where eelgrass was found in the primary study area.  This work added 8.3 
acres of patchy eelgrass to our estimate, for a total meadow size of 29.4 acres (Figure 10). 
However, the N180 DEM and the lidar data had considerably different delineations of the 
2 m contour, introducing some doubt in where an appropriate shoreward extent should be 
drawn.  Furthermore, the mixture of algae and eelgrass is confounding the results.  
Without additional groundtruthing work, the estimates of eelgrass extent in this area must 
be used with caution.  
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Figure 9. Bathymetric contours with photo stations. The dense contours are from the acoustic survey.  They are 
not tide corrected and the model is approximate so the individual values are not presented.   

 
Figure 10. Map of Sandwich eelgrass meadow.   

11 
 



Methods. Several steps were taken to maximize efficiency and simplicity for this survey 
since we were operating on a small open skiff.  The Humminbird system was easy to set 
up and operate though it was important to run a couple of test lines in each study area 
prior to formal survey operations.  The test lines helped establish the correct range and 
gain settings.  Visually planning the lines based on the intended survey area worked well; 
we had almost no gaps in coverage and the overlap was as planned for our mapping 
needs.  The camera system without a frame, lights, or scaling lasers worked surprisingly 
well to determine presence/absence of habitat types and determine relative health and 
density of the eelgrass.  Although limited in quantitative capabilities, for our purposes the 
simplicity of the system was the main advantage.  At both Cohasset and Sandwich it was 
hard to determine if the camera was on the seafloor at stations that were deeper than 25 
feet and the resulting images were blurry and dark despite all images being taken in full 
sunlight conditions.  Therefore, the operational limit for this camera system is 25 feet. 
This works well for eelgrass which occurs in its highest densities at shallower depths.   
The estimated location of the photos was acceptable for our needs and we found strong 
agreement with the video results and the acoustic results.  Sonar TRX Pro was a very 
simple and easy to learn acoustic processing system.  The main drawbacks were the 
inability to batch process files and the inability to create a final, merged mosaic.  Also, 
we found in many instances that we needed to view the raw data for a more accurate 
interpretation, particularly in rocky areas.  In summary, the system has significant 
advantages in terms of ease of use and speed of processing and can be used for many 
shallow-water applications. 

Conclusion 
We mapped 82.7 acres of eelgrass in Cohasset compared to a previous estimate of 84 
acres and we mapped 29.4 acres of eelgrass in Sandwich where eelgrass was not mapped 
previously.  These areal estimates can be used to extrapolate the amount of carbon stored 
in these meadows.  However, further consideration should be given regarding differences 
between dense and patchy beds and the implications for estimates of carbon storage.  The 
efficiency of aerial photography is unmatched in terms of mapping eelgrass.  However, 
aerial mapping is costly and still requires groundtruthing unless methods to differentiate 
algae and eelgrass can be utilized (e.g. multispectral imagery).  Due to the cost and time 
constraints associated with aerial photography, having capabilities such as acoustics is 
valuable.  In all areas in-water groundtruthing is a necessity and collecting sonar and 
photo collection on the same field excursion is efficient.  Furthermore, the acoustic 
sampling can be achieved in a wider range of time (light) and wind conditions than aerial 
photography, making more frequent time series to examine seasonal changes in meadow 
extent feasible.  Lastly, the acoustic sampling can also produce site-specific bathymetric 
products which may be of value for certain projects. 
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Location



Data collection

Humminbird 698SI 455 kHz sidescan, 
83/200 kHz dual beam

GoPro Hero2 11 MP photos



Data collection

Drive parallel lines
Speed ~ 4 knots
Overlap the linesOverlap the lines

Drop camera

August 13-14, 2015
D i  b  10 2Daytime about 10-2



Data processingp g

 Sidescan backscatter &  Photos
bathymetry
 Sonar TRX Pro
 A ti  ti

 Picasa web albums
 Photo culling
 Renaming Acoustic correction

 Export of xyz data
 ArcGIS 10.2

 Renaming
 Georeferencing
 Creating Google Earth 

l
 Backscatter mosaic
 Acoustic 

interpretation/pattern 

layer
 Excel
 Classifying the photos

recognition  ArcGIS
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backscatter



Data analysisy

 Draw lines by hand y
around backscatter 
regions with distinct 

/pattern/texture
 Overlay photo stations

Utili  th  d t    Utilize other data as 
needed
 Aerial photos Aerial photos
 Bathymetry
 Raw sidescan



Results: Cohasset

Dense eelgrass 43.8 ac

Patchy eelgrass 12.7 ac

Interpolated dense 1.1 acInterpolated dense 1.1 ac

Interpolated from DEP 25.1 ac

Total 82.7 ac



84 acres 82.7 acres



Results: Sandwich

Dense eelgrass 17.1 ac

Patchy eelgrass 4 ac

Interpolated from aerial 8.3 ac

Total 29.4 ac



Very hard to map here due to diversity (rocks 
& algae).
Looked at bathymetry.
Eelgrass found between 2.6 meters and 6.2 
meters on day of survey.
But no distinct bathymetric boundary (no 
eelgrass at sites between 2 6 and 6 2 m eelgrass at sites between 2.6 and 6.2 m 
also).



Summaryy

 Cohasset 82.7 acres (1.3 acres less than previous  Cohasset 82.7 acres (1.3 acres less than previous 
estimate)

 Sandwich 21-30 acres (previously unmapped) Sandwich 21 30 acres (previously unmapped)
 Good agreement between aerial and acoustic 

imageryimagery
 No acoustic signal associated with deeper red 

algaealgae
 More work needed to differentiate low density and 

high densityhigh density



Questions

 How sensitive are 
carbon estimates to 
acreage (does 1 acre 

 10  100 matter, 10 acres, 100 
acres?)

 Does dense vs patchy  Does dense vs patchy 
vs low density matter?

 How does size of 

Lower density Low density

 How does size of 
meadow change over 
time? Patchy Dense
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