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Abstract 
 
In response to a request for technical assistance from US EPA Region 1, the US EPA Atlantic 
Ecology Division conducted an imaging survey of Green Hill Pond (Rhode Island) in fall of 
2006 in order to characterize habitat and help communicate the environmental condition of this 
lagoon.  We sampled at 30 stations, and our data show patterns that we believe are a robust 
description of the conditions that existed in Green Hill Pond at the time we sampled.  We found 
poor benthic habitat quality in the northern pond, consistent with organic enrichment and low 
levels of dissolved oxygen.  Benthic habitat quality was somewhat better in the southern areas of 
the pond, which experience more water exchange due to tidal currents, but even here no soft-
sediment samples were classified as high benthic quality.  We saw few of the larger worms and 
none of the feeding voids or tunneling crustaceans that are associated with undisturbed benthic 
communities.  Most of the bottom of the pond greater than 1.0 m deep was covered in soft 
sediment with a flocculent surface layer of decaying organic matter.  The overall distribution of 
seagrass we found was similar to that described from 1978 – 1980.  We did not find dense 
localized accumulations of macroalgae as reported from 1978 – 1980.  We imaged some areas 
that were scattered with oyster shell material, but samples from other areas, that were reported to 
have a “heavy concentration” of oysters in the late 1950s, showed only mud in 2006.  Our data 
clearly show evidence of degraded habitat (particularly in the northern half of the pond), but we 
lack a good understanding of what benthic conditions should naturally exist in Green Hill Pond.



Page 1 

I.  Introduction and Overview 
 
The lagoons or “salt ponds” of southern Rhode Island are widely viewed as important aquatic 
resources with high ecological and recreational value (Olsen and Lee 1985, Ernst et al. 1999).  
Among these lagoons, Green Hill Pond is a small, shallow, semi-enclosed waterbody (about 1.5 
km x 2.4 km) that is connected to larger Ninigret Pond by a narrow channel.  Ninigret Pond in 
turn connects to the ocean via an inlet or breachway.  The history of these ponds is well 
described by Conover (1961) and Olsen and Lee (1985).  From the 1800s into the mid 1900s, 
both Ninigret and Green Hill Ponds had direct, seasonally open connections to the ocean which 
were maintained by local fishermen.  In 1952, the connection to the ocean in Ninigret Pond was 
enlarged and made into a permanent breachway.  Further, the channel between Green Hill and 
Ninigret Ponds was enlarged in 1962.  Within the decades following breachway construction and 
channel enlargement, salinity increased, depth decreased, and vegetation changed in these ponds 
from primarily brackish species to marine species, including the seagrass Zostera marina (Olsen 
and Lee 1985, Harlin et al. 1988).  The average salinity of Green Hill Pond is now 19 ppt (Ernst 
et al. 1999) and the average tide range is 4 cm (Olsen and Lee 1985). 
 
In recent decades, an issue of increasing concern in these ponds is nutrient pollution.  The first 
Special Area Management Plan for the salt pond region (Olsen and Lee 1985) states as a finding 
of fact that “The major water pollution problems in the region are directly related to the density 
and distribution of development within the watersheds of the salt ponds . . . . bacterial 
contamination and nutrient enrichment are the primary threats to water quality.”  This finding is 
repeated in the 1999 Special Area Management Plan (Ernst et al. 1999): “Nutrient loading and 
bacterial contamination that result from increases in residential and commercial development are 
the primary water quality problems in the salt ponds.”  Nutrient pollution can have the effects of: 

1) favoring algal growth over seagrass growth (Harlin et al. 1988), potentially leading to 
decreased seagrass coverage, increased algal biomass, and a reduction in the amount of 
valuable nursery habitat for fish and shellfish (Ernst et al. 1999), 

2) decreasing dissolved oxygen concentrations in the bottom waters, with possible negative 
impacts on aquatic animals (Satchwill and Gray 1990, Ernst et al. 1999), and 

3) increasing the rate of organic matter production, potentially enlarging the area in which 
soft organic sediments are found (Olsen and Lee 1985, Ernst et al. 1999).  This impairs 
recreational uses and decreases habitat suitability for desirable fish and shellfish (Olsen 
and Lee 1985, Ernst et al. 1999). 

 
In October 2006 we used a sediment profile camera and an attached video camera to capture 89 
sediment profile images and 83 video images at 30 stations throughout Green Hill Pond.  The 
intended uses of these images were: 1) to document benthic (seafloor) condition of the pond; and 
2) to “illustrate” the condition of the pond's aquatic ecosystem.  The sampling objectives were to 
characterize the overall condition of the pond using a random survey, to re-visit specific stations 
for which historic benthic information could be found, and to explore a transect from the 
shoreline into deeper water where fresh water enters the northern section of the pond. The 
sediment profile camera is a device designed to cut into the sediment and photograph a sediment 
depth profile through an acrylic faceplate.  This faceplate is pressed up against the sediment 
itself, and provides a high resolution image that is not affected by the clarity of the surrounding 
water.  Sediment profile cameras have been widely used in estuarine, coastal, and oceanic 
environments, and (to a lesser degree) in freshwater environments.  These cameras allow a rapid 
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assessment of benthic infaunal communities (the groups of animals that live in soft sediments) 
through quantification of burrows, feeding voids, animals, tubes, etc.  The images also allow a 
quantification of the aRPD (apparent Redox Potential Discontinuity), the depth of lighter 
colored, more oxidized sediments.  Sediment profile measures generally correlate to measures of 
benthic fauna based on grab samples and animal counts (Nilsson and Rosenberg 2000, 
Rosenberg et al. 2002, 2003).  These cameras have been used as screening tools since the early 
1970s to assess the condition of benthic habitat and to evaluate degradation caused by low 
dissolved oxygen and other environmental stressors.  The video camera, attached to the sediment 
profile camera frame, captured oblique images of the seafloor from 25 cm above the sediment 
surface so as to assist in habitat characterization.   
 
This data product includes this written summary document, a folder containing all analyzed 
images, an Excel® spreadsheet (including a metadata worksheet) of station and image parameter 
data, and a chart image showing sampling locations with a classification of habitat results. 
 
 
II.  Sampling Methods 
 
We developed a three-part sampling program to achieve three objectives - 
 

1) In order to gain an understanding of the overall condition of the pond, a random sampling 
scheme was applied based on a hexagon overlay approach (Figure 1). Seventeen random 
stations (16A, 17A, 18A, 19A, 20A, 21A, 22A, 23A, 24B, 25A, 27A, 28A, 29A, 30A, 
32A, 33A, and 34A) were sampled.  Hexagons 26, 31, and 35 as well as station 24A 
could not be sampled due to restrictions on the draft of the boat.  

                            

 
 
Figure 1.  Green Hill Pond showing hexagon sampling scheme, primary random station  
locations (A, orange), and alternate random station locations (B and C, yellow and purple). 
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2) In order to revisit stations for which historic benthic information exists, stations described 

in Woodruff (1960) and Conover (1958, 1961) were sampled (Stations Wd1, Wd2, Wd3, 
Cn4, Cn5, and Cn6, shown in Figure 4). 

 
3) In order to investigate changes along a depth gradient from the major freshwater input of 

the pond into the deeper northern part of the pond, a transect running southwest from 
Factory Pond Brook was sampled (Stations 101, 102, 103, 104, 105, 106, and 107, shown 
in Figure 4). 

 
Each of the above stations was sampled using an EPA-built sediment profile camera with a 570-
line color video camera attached to the sediment profile frame (Figure 2).  At each station, the 
camera assembly was dropped at three separate locations to obtain a representation of conditions 
at that station.  At each of the three drops per station, the sediment profile camera was lowered to 
the bottom, a triangular “prism” section penetrated into the mud, and the camera photographed a 
cross-section of sediment through an acrylic faceplate.  Also at each drop, the obliquely mounted 
video camera recorded habitat type as seen from above.  
 

                                    
 

Figure 2.  Sediment profile camera as used in Green Hill Pond showing the triangular “prism” with 
rectangular faceplate at lower center, and the small cabled grey video camera to the right.  The 
faceplate of the camera is 15 cm x 20 cm.  The black rectangles near the top of the camera frame are 
11.5 kg weights that help force the prism into the sediment.  The green cables connect the sediment 
profile and the video cameras to monitors on the boat for real-time viewing. 
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Details of the sampling techniques are described in the “Metadata” worksheet of the Excel® data 
file “GreenHillPond2006.xls.”  This metadata sheet is also appended to this document.  The 
procedures we followed are described in the draft U.S. EPA document “Consistent Methods for 
Interpretation and Analysis of Sediment Profile Images: Guidance Manual,” in the Atlantic 
Ecology Division Lab Operating Procedure LOP-AED/WDB/GC/2003-01-00, and in the 
technical assistance plan that was approved for this work. 
 
 
III.  Analytical Methods 
 
All sediment profile data were analyzed by Giancarlo Cicchetti (US EPA, AED) using methods 
described in the draft U.S. EPA document “Consistent Methods for Interpretation and Analysis 
of Sediment Profile Images: Guidance Manual.”  Sediment profile images were enhanced in 
Adobe Photoshop 7.0 ® with a histogram equalization, mild light/dark trim, and mid-range 
contrast adjustment following guidelines of Rossner and Yamada (2004).  Soft-sediment images 
were evaluated using the Benthic Habitat Quality (BHQ) index as described in Nilsson and 
Rosenberg (1997), shown in Figure 3 to align with the classic Pearson-Rosenberg model of 
benthic response to disturbance.  BHQ values can range from 0 to 15.  Benthic community 
“Stages,” which are binnings of BHQ values into four ecologically descriptive groupings, are 
also shown in Figure 3.  The BHQ “Stage” (Nilsson and Rosenberg 1997, range 0 to 3) is an 
intuitively understandable and ecologically meaningful descriptor of benthic community status, 
and we use this measure as the primary metric of habitat quality in soft-sediment areas. 
 

              
 

Figure 3.  Benthic Habitat Quality (BHQ) Index for evaluation of sediment profile images, adapted 
from Nilsson and Rosenberg (2000).   
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As a data quality step, about 17% of the sediment profile images in our data set were selected at 
random and analyzed separately by a second experienced analyst.  This independent analysis 
concurred with the original analysis for over 90% of the examined images on key parameters 
BHQ and BHQ stage. 
 
In addition to the sediment profile image that was captured and analyzed from each drop of the 
camera frame, a single still image was isolated from each of the approximately 30-second video 
recordings at each drop, to provide an oblique “fishes eye” view of benthic habitat.  The clearest 
and sharpest frame from each 30-second video recording was selected using Adobe Premiere 
6.0® and enhanced in Adobe Photoshop 7.0 ® with a histogram equalization, mild light/dark trim, 
and mid-range contrast adjustment following guidelines of Rossner and Yamada (2004).  Video 
images were then analyzed to best identify habitat type. 
 
For communication purposes, each station and drop was categorized into one of eight classes 
from both sediment profile and video imagery based on the following rules and prioritizations:   

Seagrass (Figure 5), if any seagrass (dead or alive) was identified in either the video or 
profile image.  The paradigms upon which BHQ and other sediment profile image indices 
were developed are not particularly applicable to seagrass root/rhizome areas. 

Nassas/Sand (Figure 10), if this habitat was identified in either the video or profile image.  
Sediment profile cameras do not penetrate well into sand sediments, and sediment profile 
indices are not applicable to sand habitat.  Nassarius and related snail genera were 
associated with this habitat in Green Hill Pond. 

Oyster (Figure 11), if one or more probable live oysters were identified in either the video or 
profile image.  Sediment profile cameras do not penetrate well in shelly areas.    

Stage 3, Stage 2, Stage 1, or Stage 0, for soft-sediment areas where camera penetration was 
greater than or equal to 5 cm and BHQ index application is appropriate.  Stages are 
determined by BHQ score (Figure 3), but are associated with certain characteristics.  
Stage 3 (not present in our data set) is associated with high habitat quality, larger animals 
living deep in the sediment, and substantial aRPD depths.  Stage 2 (good habitat quality, 
Figure 8) is characterized by mid-sized animals living at intermediate sediment depths, 
while Stage 1 habitats (low quality, Figure 7) contain mostly surface-dwelling smaller 
animals and shallow aRPD depths.  Stage 0 images (very poor habitat quality, Figure 6) 
show little or no evidence of animal life and very shallow or non-existent aRPD depths. 

Other, for habitats with poor sediment profile camera penetration and no biological 
information from video. This includes sand with no identifiable biotope, 
mud/shell/pebble with no identifiable biotope, and images with camera penetration less 
than 5 cm that cannot be grouped into any of the above categories. 
 
 

IV.  Results and Discussion 
 
1.  Structure of the data product  
 
This report, the associated metadata, and all data products were generated in response to a 
request for technical assistance from Region 1 to the Atlantic Ecology Division.  In addition to 
this written summary report, a data DVD is available to provide: 1) a folder containing all 
sediment profile and video images; 2) an Excel® spreadsheet named “GreenHillPond2006.xls” 
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Figure 4.  Data plotted over aerial image to show approximate locations of each sample, station 
names (white characters), water depth in meters at time of sampling (yellow numbers), and habitat 
classification for each sample (see color key).  This image has been altered to more clearly display 
information - - some icon positions have been shifted by up to 5 pixels to show information hidden 
behind overlapped sample locations.  The guidelines of Rossner and Yamada (2004) were not 
applied, and this image should be used for communication purposes only.  Data users should obtain 
information directly from the spreadsheet “GreenHillPond2006.xls.” 
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that includes data for all sampled parameters together with a metadata worksheet; and 3) a jpeg 
image of Figure 4 (below) named “GreenHillSurvey.jpeg” that shows a map of station names 
and image locations.  Figure 4 was produced with Maptech Chart Navigator 4.5 ® charting 
software and can be used together with the image folder, the Excel® spreadsheet, and this 
summary document to help visualize conditions in the pond.   
 
The actual images corresponding to each station and drop shown on Figure 4 can be viewed from 
the image folder.  Images are labeled with the filename structure GH-Stn-Drop-ImageType, 
where “GH” stands for “Green Hill,” Stn is the three-letter station designation used in this 
summary and in Figure 4, “Drop” is the camera drop or sample number, and ImageType is either 
SPI to denote a sediment profile image, or VID to denote a still image captured from the oblique 
frame-mounted video camera at that drop.  Typically, the camera was dropped three times at 
each station and three images (samples) were captured from each camera.  Label conventions are 
consistent among Figure 4, the spreadsheet, and the image file names.  Images are saved as 
layered tiffs with hidden comment layers.  The comment layers on each sediment profile image 
show analysis notes, with features identified and circled; also, the aRPD areas were saved as 
“selections.”  The images can be opened with any image-viewing software, and will show a view 
of the seafloor.  Software that supports a layered format and selections (e.g., Photoshop®) is 
needed to unhide the comment layers and load the aRPD selections, if desired.  All sediment 
profile and video images (including the Figures shown in this document) were cropped, and were 
also enhanced in Adobe Photoshop® 7.0 using histogram trimming of up to 2% in each color 
channel followed by histogram equalization and mild adjustments to midrange contrast.  Rules 
for image enhancement from Rossner and Yamada 2004 were adhered to for all images except 
the chart image of Figure 4. 
 
 
2.  Overall condition of the pond based on random sampling  
 
Seventeen random stations (16A, 17A, 18A, 19A, 20A, 21A, 22A, 23A, 24B, 25A, 27A, 28A, 
29A, 30A, 32A, 33A, and 34A) were sampled based on the scheme shown in Figure 1.  
Information from other stations is also discussed here as appropriate. 
 
a.  Seagrass and algae 
 
Conover (1961) reported little vegetation in Green Hill Pond from 1955 – 1957, but this was 
shortly after the 1952 enlargement of the Ninigret breachway.  Vegetation in Ninigret Pond 
changed dramatically in the ten years following breachway construction (Harlin et al. 1988) and 
Green Hill vegetation may have been in a state of change during the 1950s as well.  The channel 
between Green Hill Pond and Ninigret Pond was enlarged in 1962, which led to dramatic 
increases in salinity in Green Hill Pond (Olsen and Lee 1985).  Thorne-Miller et al. (1983) 
surveyed vegetation in Green Hill Pond in 1978, 1979, and 1980, and found seagrass coverage in 
most areas of the pond except for the central part of the northern lobe and the small cove by 
Shore Drive on the western side of the pond.  The distribution of seagrass suggested by our data 
is consistent with that reported by Thorne-Miller et al. (1983); our images show seagrass in most 
areas of the pond except for the central part of the northern lobe.  Our one station (21A) in the 
small western cove by Shore Drive did not show seagrass habitat.   
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The seagrass in most of our images appears to be sparse and in bad shape, with many blades 
seemingly dead or decaying (Figure 5, see also video images from 17A, 22A, 27A, 34A).  No 
meadows of standing live healthy seagrass were found.  However, this may well be due to our 
October sampling dates and a natural seasonal seagrass die-off in Green Hill Pond.  Harlin et al. 
(1988) reported a significant seasonal die-off of Zostera in Ninigret Pond beginning in August, 
with maximum biomass of dead plant matter in September and October of 1978.  Conover 

 

 
 

 
 

Figure 5.  Seagrass bed from Station 22A (western central pond) showing decay.  Top image is a 
sediment profile view, the scene is 15 cm wide, and the sediment-water interface (sediment surface) 
is indicated with red arrows.  Note brown decayed Zostera near center of image and live green 
material at right.  The bottom image is the simultaneous video camera view, capturing a much larger 
scene.  Note blades of standing live Zostera at lower right of video image.  Images GH-22A-2-SPI 
and GH-22A-2-VID. 
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(1961) and Thorne-Miller et al. (1983) refer to this phenomenon in Ninigret as well.  The time of 
year in which we sampled was not appropriate for an evaluation of seagrass density or condition.  
If a characterization of seagrass condition is desired, we recommend that this pond be revisited to 
evaluate seagrass in early summer (July), which is the period of peak live biomass reported in 
Ninigret by Harlin et al. (1988) and Thorne-Miller et al. (1983).  
 
We did not see dense mats of macroalgae in our images, noting that Thorne-Miller et al. (1983) 
reported a high biomass of macroalgae along the northern and northeastern shorelines of the 
pond in summer, in an area near our stations 16A and 20A.  Because of the draft of our boat, we 
did not investigate the nearshore or the shoreline itself for the accumulations of algae that 
reportedly wash up in these areas; we may well have missed this phenomenon even if it had 
existed.  Algal bloom beds are a seasonal and localized event that may peak at different times of 
summer or fall at various places in the salt ponds (Thorne-Miller et al. 1983, Harlin et al. 1988).   
 
b.  Soft-sediment benthic fauna and evidence of low dissolved oxygen 
 
Soft-sediment habitats were characterized using the Nilsson-Rosenberg Benthic Habitat Quality 
(BHQ) index communicated as Stage 3, Stage 2, Stage 1, or Stage 0 (Figure 3).  BHQ Stage is a 
binning of BHQ values as shown in Figure 3.  The BHQ index generally correlates to measures 
of benthic macrofauna based on grab samples and animal counts (Nilsson and Rosenberg 2000, 
Rosenberg et al. 2002, 2003).  The index is based on quantitative identification of fauna (or 
evidence of fauna) combined with a quantitative determination of the apparent Redox Potential 
Discontinuity (aRPD) depth, or depth of greatest apparent color change in the upper layer of 
sediment.  The aRPD is an indicator of oxidized sediment and the biological activity of 
burrowing organisms, and is correlated to bottom water dissolved oxygen concentration 
(Rosenberg 1977, Diaz et al. 1992).  The BHQ index has been shown to be correlated to near-
bottom dissolved oxygen in a Rhode Island estuary (Cicchetti et al. 2006).   
 
Pond-wide, our data for soft sediment areas show mostly low quality Stage 1 habitat (40 
samples) with some habitat characterized as Stage 2 (7 samples) and Stage 0 (3 samples).  No 
“undisturbed” Stage 3 habitats were identified in this data set, and we found no evidence of 
larger benthic infauna which would lead to Stage 3 classifications.  We did not see any feeding 
voids of larger deposit-feeding animals, nor did we see any tunnels of burrowing crustaceans, as 
are found in western Ninigret Pond (see www.mapcoast.org).  Only a few larger worm burrows 
were present (e.g., 19A-2-SPI, 19A-3-SPI, 27A-1-SPI, 29A-2-SPI, Cn4-2-SPI).  Similarly, few 
larger tube-building fauna were seen; only one animal tube had a diameter larger than 2 mm 
(Con-4-SPI).  More sizeable infauna are generally associated with stable environmental 
conditions and high levels of dissolved oxygen, which allow for development of larger animals.   
 
In particular, our results for soft-sediment stations in the northern section of the pond indicate 
poor habitat quality.  Three samples in this area showed very poor Stage 0 habitat (Figure 6), 
with little evidence of animal life (16A-3, 107-2, 107-3).  Most images showed Stage 1 habitat 
(Figure 7); no images above north latitude 41.3715º showed habitat quality above Stage 1.  Our 
images suggest an area of degraded benthos in the northern part of the pond.  Consistent with 
low dissolved oxygen as a stressor, these images revealed small surface-dwelling animals and 
shallow aRPD depths.  Many images also showed dark anoxic sediment contacting the overlying 
water, evidence of low dissolved oxygen levels in bottom waters (Rhoads and Germano 1982). 
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Figure 6.  Very poor Stage 0 benthic habitat seen at Station 16A in the northern section of the pond, 
less than 30 m from shore.  Imaged scene is 15 cm wide.  Darker anoxic sediment is in contact with 
the overlying water in this image.  Note flocculent layer (red arrow), lack of visible animal life, and 
absence of any lighter oxidized sediment at the consolidated sediment surface (yellow arrow).  
Image GH-16A-3-SPI. 

 
 

 
 

Figure 7.  Low quality Stage 1 benthic habitat seen at Station 103 in the northern section of the 
pond.  Imaged scene is 15 cm wide.  Note very thin lighter tan-colored oxidized layer and surface 
tube structures (e.g., yellow arrow, probably built by the amphipod Ampelisca).  Tube-like structures 
in the sediment are likely surface Ampelisca tubes that were dragged down by the camera prism, but 
small worms (e.g., red arrow) are also present.  Image GH-103-1-SPI. 
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In the southern half of the pond (below north latitude 41.3715º), the majority of soft-sediment 
samples showed somewhat degraded Stage 1 habitat, but several images here did show better 
Stage 2 habitat (Figure 8).  No images from this part of the pond were characterized as very 
degraded, with Stage 0 habitat.  Again, no samples from soft sediment areas taken anywhere in 
Green Hill Pond showed high quality Stage 3 communities.  The southern area of the pond is in a 
different geological setting, and experiences greater physical energy and water exchange due to 
tidal currents from the connection to Ninigret Pond (Olsen and Lee 1985).  These factors may 
contribute to better benthic habitat quality here than is seen in the northern part of the pond. 

 

 
 

Figure 8.  Good quality Stage 2 benthic habitat seen at Station 29A in “Flat Meadow Cove” in the 
southeastern part of the pond.  Imaged scene is 15 cm wide.  Note larger grey burrow at left with 
transected dark worm (red arrow) and 2.4 cm aRPD layer of lighter tan-colored oxidized sediment 
near sediment surface.  Also note tube (blue arrow), small burrows (yellow arrows), and pelletized 
texture to fecal zone at surface, evidence of small animals “working” the top layers of sediment.  
This is the image from our data set with the highest BHQ score (BHQ = 8).  Image GH-29A-2-SPI. 

 
Although no previous benthic faunal data exist for Green Hill Pond to our knowledge, dissolved 
oxygen has been measured in the pond at various times.  Conover (1961) found no problems 
with low oxygen in Green Hill Pond from 1955 - 1957, although Conover’s sampling scheme 
was not well designed to locate areas of low dissolved oxygen had they existed at that time.  
Satchwill and Gray (1990) collected dissolved oxygen data at many stations around the pond and 
at a fixed station at Indigo Point, which we presume is close to Indigo Point Road on the 
Charlestown side of the northern part of the pond.  Satchwill and Gray found lowest dissolved 
oxygen levels in Green Hill in September and November of 1990, though mean levels of bottom 
water dissolved oxygen did not drop below 90% saturation.  Green Hill Pond is currently on the 
US EPA 303(d) list as impaired for low DO, and our images provide evidence that the DO levels 
in Green Hill Pond are in fact having a negative impact on benthic animal communities. 
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c.  Organic decay 
 
The sediment profile and video images showed significant areas of dead or dying seagrass 
(Figure 5) and other forms of organic decay (e.g., decaying algae, Figure 9).  Much of this may 
be a natural phenomenon associated with seagrass senescence (Harlin et al. 1988, see above).  
Most of the bottom of the pond seemed to be draped in a flocculent layer of decaying material, 
and many images showed a suspended layer of organic matter (Figure 9).  This suspended layer 
was also found on sandier sediments (e.g., Station 30A) where it seemed to have been deposited 
by water movement within the pond rather than generated in place.  This layer was identified as 
“floc/decay” in the Excel® spreadsheet if present as a suspended layer, or as “decay” if present as 
a sediment drape without suspended particles.  A “fecal layer” was identified where a pelletized 
surface layer of unsuspended coarser-grained material appeared to have been “worked” or 
“repackaged” in the sediment at that location, e.g., Figure 8. 
  

 

 
 

Figure 9.  Organic decay seen at Station 17A in the northern pond showing thicker cohesive 
decaying macroalgae (yellow arrow) and flocculent layer of decaying material, seen here as particles 
suspended in the water column.  Green and brown material below sediment surface (red arrow) was 
most likely dragged down into the sediment as the camera prism penetrated into the mud.  Image 
GH-17A-1-SPI. 
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d.  Area of soft sediment habitat 
 
The basic geology of Ninigret and Green Hill Ponds was described by Conover in 1961: “The 
deposits along the northern shore are largely an unsorted mixture of cobble, gravel, and coarse 
sand of glacial origin.  Extending into the ponds from the barrier beach is an extensive tidal delta 
of well sorted sand.  The sediment in the central portion is principally silt containing 
considerable organic matter presumably resulting from organic production within the ponds.”  It 
is possible that the area of silt is expanding within Green Hill Pond, and this is discussed in both 
the 1985 and the 1999 Special Area Management Plans for the salt ponds: “Eutrophic conditions 
are probably also the cause of the extension of areas of soft, highly organic bottom sediments 
that are virtually devoid of shellfish over areas of formerly productive sandy bottom” (Olsen and 
Lee 1985).   
 
All 27 samples taken from random stations in water depths greater than 1.0 m were characterized 
as soft sediments, including mud substrate (74%) and sandy mud substrate (26%).  All 33 of our 
non-random samples taken in water depths greater than 1.0 m were also classified as soft 
sediments.  Of our total 51 samples from random stations at all depths (3 samples at each of 17 
random stations), 39 (76%) were classified as soft (mud or sandy mud), while 12 (24%) were 
harder (sand, muddy sand, gravel, or cobble).   In the northern section of the pond, gravel/cobble 
habitat was found only at station 20A (20A-2, 20A-3).  Most of our stations throughout Green 
Hill Pond were characterized by either unvegetated soft sediments, or by soft sediments 
colonized by seagrass.  On the southern shore of Green Hill Pond, we found sand habitat (with 
Nassa snails) within 200 m of the barrier island in water depths < 1 m (Figure 10).  Station 34A 
(1.5 m deep, less than 100 m from the barrier island) had a soft organic mud substrate and 
seagrass habitat, and Station 28A (0.8 m deep, about 200 m from the barrier island) was 
characterized as gravel/shell habitat (28A-1, 28A-2, 28A-3).  In the northern pond, we found soft 
sediments very close to shore in some areas (e.g., Station 16A, Figure 6). 
 
Although the majority of our samples show soft vegetated or soft unvegetated habitats (see also 
the discussion on historic descriptions of habitat in Section IV-3 below), it is difficult to say from 
our data whether the area covered by soft sediments in the pond has expanded either north or 
south over the last decades.  If this issue is perceived to be of importance, we recommend 
interviewing established local residents who have regularly visited docks and shoreline access 
points over the last decades, particularly in the northern section of the pond.  These residents 
may be able to provide information on specific locations where mud habitat has or has not 
replaced harder habitats, so as to evaluate the possibility that areas of mud have been increasing 
in the pond.  Another approach would be to conduct a sediment coring study to look for organic 
muds covering over sandy or shelly deposits in areas where hard substrates have been reported in 
the past (see Section IV-3 below).  The combination of coring data with dated anecdotal 
information could further provide information on deposition rates. 
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Figure 10.  Sandy habitat with Nassa snails (e.g., red arrow) seen in sediment profile image (top) 
and video image (bottom) both from Station 32A, near the connection to Ninigret Pond.  The dark 
rectangle near the top of the sediment profile image is part of the bracket that secures the video 
camera.  Images GH-32A-2-SPI and GH-32A-2-VID. 

 
 
3.  Evaluation of stations for which historic benthic information exists 
 
Both Woodruff (1960) and Conover (1958, 1961) sampled Green Hill Pond after the 1952 
enlargement of the Ninigret breachway, but before the 1962 enlargement of the channel between 
Green Hill and Ninigret Ponds.  We sampled locations from these studies where benthic habitat 
was described (Stations Wd1, Wd2, Wd3, Cn4, Cn5, and Cn6, Figure 4).  Sampling latitudes and 
longitudes were obtained by overlaying maps from the original documents over a digital charting 
program (Maptech Chart Navigator 4.5 ®), and locations are subject to error. 
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Wd1, Wd2, Wd3, and random stations 20A, 28A were situated in the middle of areas shown on a 
chart in Woodruff (1960) as having “heavy concentration” of oysters.  In our sampling, the 
deeper Wd1, Wd2, and Wd3 stations (1.7 m, 1.8 m, and 1.2 m) were devoid of either live oysters 
or shell, showing primarily soft mud habitat, with seagrass coverage at Wd3.  The shallower 
stations 20A and 28A (1.0 m and 0.8 m) showed shell in the video images, and one possible live 
oyster was seen, in image 28A-3-SPI (Figure 11).   
 

 
 

 
 

Figure 11.  Cobbles, pebbles, shells, and a possible live oyster (red arrow) seen in sediment profile 
image (top) from Station 28A in the southern section of the pond.  Also shown is the video image 
(bottom) from this station.  Images GH-28A-3-SPI and GH-28A-3-VID. 

 
We did not find the healthy oyster populations reported in Woodruff, particularly in the deeper 
areas of the zones that Woodruff mapped as “heavy concentration.”  Green Hill Pond has been 
closed to shellfishing since 1994, so overharvesting is not likely to have removed recent oyster 
populations.  Woodruff’s study took place prior to the 1962 enlargement of the channel 
connecting Green Hill and Ninigret Ponds, which led to a dramatic increase in average salinity in 
Green Hill Pond that probably reduced oyster populations (Ernst et al. 1999).  According to the 



Page 16 

1984 and 1999 Special Area Management Plans for the salt ponds, “Today, the remaining oyster 
producing areas of Ninigret and Green Hill are affected by episodes of low oxygen which appear 
to limit their production” (Ernst et al. 1999).  Disease may also be a factor.  If our sampling at 
Wd1, Wd2, and Wd3 did actually occur in locations where heavy oyster concentrations were 
historically located, then these oyster shell deposits would appear to have been buried in soft 
mud in the last half century to depths deeper than the typical 5 – 15 cm camera penetration 
depth.  We recommend a more comprehensive imaging survey and sediment coring in 
Woodruff’s “heavy concentration” areas to better explore the possibility of oyster bed burial, 
estimate deposition rates, etc.  However, imaging and coring datasets cannot reveal what factors 
actually led to decreased oyster populations; oysters can be affected by a number of natural and 
anthropogenic stressors (e.g., salinity increases, low dissolved oxygen, disease, overharvesting, 
excess sediments). 
 
Stations Cn4, Cn5, and Cn6 were located in areas characterized by Conover in the late 1950s as: 

Cn4: 5 feet (1.5 m) mean depth; brackish; very soft bottom with almost no vegetation, 
Cn5: 4 feet (1.2 m) mean depth; brackish; very soft bottom with little vegetation, 
Cn6: 3 feet (0.9 m) mean depth; brackish; very soft bottom with little vegetation. 

Our data for stations Cn5 and Cn6 show bottom type results that are very consistent with those 
reported by Conover.  At Station Cn4 (and at random station 27A, which was very close to 
station Cn4) we did find seagrass in some of the images; otherwise, habitat type results were 
consistent with Conover.  The water depths reported by Conover were shallower than the depths 
we measured, however (by 0.2 m – 0.7 m, see depths marked on Figure 4), which might be due 
to a variety of reasons.  These descriptions in Conover (1961) show that soft sediment habitats 
were present in the central areas of the pond about 50 years ago; our data show that soft sediment 
habitats are still present in these areas. 
 
 
4.  Evaluation of a gradient from the major freshwater input into the northern pond 
 
We sampled seven stations (101, 102, 103, 104, 105, 106, and 107) on a transect running 
southwest away from shore from Factory Pond Brook into the northern end of Green Hill Pond.  
Depth, mean BHQ, and mean BHQ Stage for the replicates at each station are shown in the Table 
below: 
 
 station # drops       mean depth, m    mean BHQ   mean BHQ Stage 
 101  3  0.8  3.67       1 
 102  1  0.9             (NA)    (NA) 
 103  3  1.2  2.67       1 
 104  3  1.3  2.67       1 
 105  3  1.7  2.67       1 
 106  3  1.8  2.33       1 
 107  3  1.8  1.00     0.33 
 
As expected, this transect shows water depth increasing away from the shore.  Mean BHQ 
(possible range, 0 to 15) shows a decrease in habitat quality coincident with increasing water 
depth.  BHQ Stage does not show this trend very well, but BHQ Stage is a binning of BHQ that 
ranges from 0 to 3, so less resolution with BHQ Stage is expected.  We could not secure good 
imagery at Station 102, and camera penetration into the sediment at our one image from that site 
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was 2.9 cm, less than the 5.0 cm cut-off for appropriate application of BHQ and BHQ Stage.  
Habitat quality at Station 102 appeared consistent with the trend of the transect, however.  Some 
sandy mud habitat was seen at the shallow start of the transect (101, 102); the remainder of the 
transect was classified as mud.  Station 107, at the deep end of the transect, was characterized by 
very poor habitat quality, with two samples (107-2 and 107-3) showing Stage 0 conditions 
(Figure 12).  All six samples from stations 106 and 107 showed evidence of low dissolved 
oxygen (anoxic sediment in contact with the overlying water, Rhoads and Germano 1982).  This 
transect confirms a trend of decreasing habitat quality (likely associated with low dissolved 
oxygen concentrations) as water depth increases in northern Green Hill Pond. 
 
 

 
 

Figure 12.   Poor Stage 0 benthic habitat quality seen at Station 107, the deepest station on our 
transect in the northern part of the pond.  Note flocculent suspended material (red arrow), lack of 
animals, and absence of any oxidized sediment at the consolidated sediment surface (yellow arrow).  
Image GH-107-3-SPI. 
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V.  Summary 
 
Our imaging survey was based on point-sampling, and did not deliver seamless coverage of 
Green Hill Pond.  Nonetheless, our data show certain patterns that we believe provide a reliable 
description of the conditions that existed at the time we sampled.  We found soft sediments and 
poor benthic habitat quality in the northern section of Green Hill Pond.  Many of our images 
from this part of the pond showed only small surface-dwelling animals, very shallow aRPD 
depths, and anoxic sediment in contact with the overlying water, evidence that is consistent with 
organic enrichment and low dissolved oxygen concentrations (Rhoads and Germano 1982).  
Benthic habitat quality was somewhat better in the southern half of the pond, but even here no 
tunneling crustaceans or similar large fauna characteristic of high quality benthic communities 
were seen, as can be found in western Ninigret Pond.  The region within 200 m of the barrier 
island and near the connection to Ninigret Pond was generally sandy, with Nassa snails as a 
defining species.  Broad-scale distributions of seagrass appeared similar to those reported from 
1978 – 1980 (Thorne-Miller et al. 1983), but our data were collected late in the season and are 
not appropriate to evaluate seagrass condition or density.  We did not find dense localized 
accumulations of macroalgae as reported from certain areas of the pond in 1979 and 1980 
(Thorne-Miller et al. 1983).  We found oyster shell material in some locations, but nowhere in 
the pond did we see the abundant oyster populations that were once supported (Woodruff 1960).  
Certain areas that were reported in the late 1950s to have a “heavy concentration” of oysters 
(Woodruff 1960) showed only mud in our images.  Some of these findings are less robust due to 
the variability of biological features over space and time combined with our limited spatial and 
temporal coverage of the pond.  In particular, our findings of few dense macroalgal deposits and 
of potentially buried historic oyster reefs need further exploration before they are accepted as 
descriptive of current conditions.  We feel that our more robust findings include: 1) that benthic 
habitat quality was poor in the northern section of the pond; 2) that seagrass coverage appeared 
consistent with reports from 1978 – 1980; and 3) that most of the pond greater than 1.0 m deep 
was covered in soft sediment with a flocculent surface layer of decaying organic matter.  Overall, 
our results clearly show areas of degraded habitat, but we lack a good understanding of what 
benthic conditions should naturally exist in Green Hill Pond. 
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Appendix:  Metadata worksheet from Excel® file “GreenHillPond2006.xls” 
 
---------------------------------------------------------------------------------------------------------------- 
 
Metadata and Read Me - 
 
Basic information: 
This data set was collected as part of a Green Hill Pond technical assistance to Region 1, with 
Giancarlo Cicchetti as Principal Investigator.  The project is described in the approved plan for 
technical assistance.  The major purposes of the project were to characterize habitat and habitat 
quality in Green Hill Pond.  All sediment profile images were captured using a Minolta Dimage 
A-2 incorporated into an EPA-built 41 degree Sediment Profile Imaging (SPI) Camera on the 
Research Vessel Spartina on 10-11, 10-24, and 10-26, 2006.  Members of the field team (as 
available) included Giancarlo Cicchetti (US EPA, AED, present on every sampling date), Rob 
Adler (US EPA, R1), Bryan Taplin (US EPA, AED), Jim Latimer (US EPA, AED), and/or Eric 
Weissberger (US EPA, AED).  A WAAS-enabled Garmin 76Map GPS set to Datum WGS 84 
was used for positioning.  A 570-line color video camera was mounted to the sediment profile 
frame at a 45 degree angle, 25 cm above deck.  Video images include an overwrite of GPS 
information, noting that GPS time displays Greenwich Mean Time, which is 4 hours ahead of 
local time.  Water depths were recorded with a marked stick except for deeper stations 19A, 
Wood2, and 24B where the vessel's Hummingbird Piranha2 sonar was used. 
 
Conditions during the sampling period were as follows:  
     Sea State: flat in pond on all days 
     Wind Speed: 5 - 20 kts 
     Wind Direction: variable 
     Tides & Currents:  Green Hill Pond is microtidal, with a substantial delay vs. ocean tides 
 
Camera specifications were as follows: 
     Sediment Profile Camera: EPA-built 41 degree Sediment Profile Camera  
     Digital Camera: Minolta Dimage A-2 
     Imaged area: 15.0 cm x 22.0 cm 
     Imaged area in pixels: 1865 x 2740 pixels 
     Pixels per centimeter of linear measure: 124.3 
     Basic (default) sliding carriage weighting:  46 Kg (= 4 weights) 
     Basic (default) camera stop depth:  16 cm 
     Exposure was set to Program mode 
     White balance on digital camera was set to Daylight 
 
All sediment profile data were analyzed by Giancarlo Cicchetti (US EPA, AED) following the 
draft U.S. EPA document “Consistent Methods for Interpretation and Analysis of Sediment 
Profile Images: Guidance Manual.”  Non-descriptive file names were used during the analysis to 
reduce any bias; these were later changed to filenames incorporating the station names and 
replicate numbers.  Sediment profile and video images were enhanced in Adobe Photoshop 7.0 
using histogram trimming of up to 2% in each color channel followed by histogram equalization 
and mild adjustments to midrange contrast as per the U.S. EPA draft guidance document.   
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The following rules for image enhancement were adhered to (from Rossner and Yamada 2004): 
1 - Adjustments of brightness, contrast, and color balance, as well as histogram trimming, 

were applied to the whole image (after cropping unanalyzed extraneous pixels) so as not 
to obscure or eliminate any information present in the original. 

2 - No specific features within an image were enhanced, obscured, moved, manipulated, or 
introduced. 

3 - Pixel dimensions were not resized to increase the number of pixels in an image. 
 
Further, no other types of image enhancement that would create new information (e.g, 
sharpening filters) were used.   
 
When sediment profile images were rejected from analysis the following procedure was applied:  

1 - Images with clear artifacts of exposure, dragging, prism disturbance were rejected.   
2 - When multiple exposures were taken on a single drop, the “best” image was selected.   
3 - When a decision not to analyze was made, this was based on a random numbers table.   
4 - All image rejection decisions were documented in G. Cicchetti’s EPA Project Book 86. 

 
The classification scheme described in the U.S. EPA document “Consistent Methods for 
Interpretation and Analysis of Sediment Profile Images: Guidance Manual” was adapted for 
descriptions of habitat. 
 
Monitors were calibrated using Adobe® Gamma within 3 days of use in analysis.  Monitor 
calibration procedures are available upon request.  All data were checked for data quality by 
Giancarlo Cicchetti (US EPA, AED) following the procedures described in the US EPA 
Guidance Document. 
 
A total of 15 samples were selected from this dataset of 89 samples at random by experienced 
sediment profile image analyst Laura Coiro (US EPA, AED) and examined independently.  For 
12 of these (80% of re-analyzed samples), a “concur” or “generally concur” assessment was 
found, with some differences noted particularly in non-quantitative or descriptive “comment” 
type fields.  For two of the three non-concur images (106-2 and 18A-3, 13% of re-analyzed 
samples), differences in interpretation between analysts would not change BHQ, BHQ Stage, or 
biotope classification.  For one image (24B-2, 7% of re-analyzed samples) a difference in 
interpretation would either reject the image where G. Cicchetti accepted it, or would decrease 
BHQ by 1 (and would decrease BHQ stage as well as biotope classification from 1 to 0).  To 
summarize, the independent analysis of L. Coiro shows > 90% concurrence with the original data 
set in assessments of the key parameters BHQ, BHQ Stage, and Biotope Classification.  A copy 
of L. Coiro's analysis is available upon request from G. Cicchetti or from L. Coiro, US EPA, 
Atlantic Ecology Division. 
 
All image data are stored on DVD under the care of Giancarlo Cicchetti (US EPA, AED) both in 
a raw format (unaltered image data) and in a layered tiff format (for the processed images).  The 
layered tiffs also include a “Comments” layer and (if appropriate) a saved RPD selection.  The 
tiffs can be opened in any image viewing software to view the imaged seafloor, but a program 
that supports layers (e.g., Photoshop) is needed to unhide the comment layer and load the RPD 
selection where desired. 
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Conventions for data entry:     
Fields where presence/absence are recorded show (0,1) in the wrapped header, with 0 = absent 

and 1 = present. 
Fields where counts are recorded show (#) in the wrapped header, with 0, 1, 2, 3 . . .  = count. 
The conventions “None, Few, Some, Abundant, Mat” can be applied to tubes or other similar 

structures with the specific meanings of:  None or 0 = no tubes identified.  Few = 1 - 6 tubes.  
Some = 7 - 24 tubes.  Abundant = 25 or more tubes, but not a continuous coverage of tubes.  
Mat = a continuous coverage of tubes over the imaged area.  The abbreviations 0 or N, F, S, 
A, M may be used. 

Fields where a measurement is recorded show (units) in the wrapped header as (cm), (cm2), etc. 
Fields where a description is recorded do not show a parenthetical () in the wrapped header, or 

provide a brief range of options in a parenthetical; refer to this metadata document for further 
information and abbreviations. 

Fields which are typically calculated show a formula in the parenthetical (=xxx/yyy) in the 
wrapped header field. 

Fields which name several taxa should list these taxa in order of decreasing perceived ecological 
significance based on best professional judgment, i.e., with the most significant taxon listed 
first. 

ND = No Data are available, i.e., data were not collected due to a problem encountered or other 
reason. 

NA = Data field is Not Applicable, i.e., data entry is not appropriate for this field. 
?? = this information cannot be interpreted from the image. 
A dash ( - ) is used to indicate that a field is intentionally left blank, i.e., an optional “comment” 

was not entered. 
The use of “?” following an entry indicates probability but not certainty.  For example, 

“Crangon?” indicates that an imaged animal was identified as most likely, but not 
definitively, Crangon. 

 
Analysis Notes: 
1 -  Images identified with a habitat type of “Zostera,” “ Ruppia,” “oyster,” “sand,” “cobble” 

were not analyzed for BHQ or other sediment profile indices as these indices are not 
appropriate to those habitat types. 

2 -  Much of the bottom of the pond seemed to be draped in a flocculent layer of decaying 
material, and many images showed a suspended layer of organic matter.  This was identified 
as “floc/decay” if present as a suspended layer or as “decay” if present as a sediment drape.  
This layer was not termed a “fecal or worked layer” due to a) the variety of sizes and shapes 
of the small suspended matter (distinct fecal pellets were generally not present in a uniform 
shape and size) and due to b) the presence of this suspended layer on sandier sediment types 
(e.g., station 30A) where it seemed to have been deposited by water circulation within the 
pond rather than generated in place.  Where a surficial layer of unsuspended coarser-grained 
material had a clear appearance of having been “worked” or “repackaged” at that location in 
the sediment, this was characterized as a fecal layer. 
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Data descriptions and headers for the worksheet RAW are as follows.  Additional 
information are maintained by Giancarlo Cicchetti. 

 
Identification, Acquisition, and Video Data: 
Area = Green Hill Pond, RI, for all images in this dataset. 
Station = Name assigned to sampling location through project protocol. 
Rep = penetration or replicate number at that Station. 
Date = date of image capture. 
Time = time of image capture, in local time. 
Latitude = latitude of sampling location in DD.DDDDD format, from WAAS-enabled Garmin 

76Map GPS set to Datum WGS 84 on sampling vessel. 
Longitude = longitude of sampling location in DD.DDDDD format, from WAAS-enabled 

Garmin 76Map GPS set to Datum WGS 84 on sampling vessel. 
Depth (m) = water depth in meters at image capture, acquired with a marked stick except as 

noted above. 
Video File = File name of corresponding video image captured as a still from camera mounted 

on sediment profile frame.  Video images include an overwrite of GPS information, noting 
that GPS time displays Greenwich Mean Time, which is 4 hours ahead of local time. 

Hab1 = primary habitat as identified from video still image. 
Hab2 = secondary habitat as identified from video still image. 
Comment = comment based on video still image. 
SPI File = File name of digital sediment profile image file. 
Carr Wts = weight in kg on sliding carriage to aid penetration. 
Carr Stop = cm of travel carriage can descend, measured from prism cutting edge resting on 

deck. 
Field Note (mud on frame, collection of ancillary information, etc). 
 
Basic SPI Measurements, Habitat Characterization, and aRPD: 
Calib = Prism or Scene Width (cm), the width of the scene from which aRPD area was 

measured.  This is equivalent to the viewed width of the prism window (15.0 cm) if the 
aRPD area was derived from the full image width. 

Min Pen (cm), = minimum penetration depth, measured from the image. 
Max Pen (cm), = maximum penetration depth, measured from the image. 
Avg Penetration depth (cm), calculated from the image as ((max pen + min pen)/2). 
Rough (cm) = boundary roughness, calculated from the image as (max pen - min pen). 
Sed Tex = description of the sediment surface texture (where possible) as smooth, rippled, 

physical, biological, scarred. 
Sed Type = primary sediment grain size descriptor according to CMECS scheme. 
Substr Comp = descriptor of substrate composition as clay, shell hash, organic, mix, etc; see 

Guidance Document for more complete listing. 
Phys Hab Mod = description of additional physical habitat features such as phytoplankton 

detritus, shell, terrestrial material, floc, trash, description of surface or subsurface layers if 
present; see draft EPA Guidance Manual for more complete listing. 

Biotope 1 = description of a biological habitat adapted from draft U.S. EPA Guidance document. 
Biotope 2 = description of a second biological habitat, if present, with no default prioritization or 

ordering of Biotope 1 vs Biotope 2 or 3. 
Biotope 3 = description of a third biological habitat, if present, with no default prioritization or 

ordering of Biotope 1 vs  Biotope 2 or 3. 
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RPD (px) = delineated area of aRPD in pixels.  When only the surface sediments are oxidized, 
“NA” is entered in the aRPD pixel and aRPD (cm2) fields.  Quantifying pixels in very thin (~ 
1 mm) aRPD layers introduces error, because the sediment-water interface is difficult to 
identify with the necessary accuracy. In these cases, 0.1 cm (= 1 mm) is entered in the RPD 
(cm) field (see below). 

RPD (cm2) = delineated area of aRPD. 
RPD (cm) = mean depth of the aRPD layer, calculated as (RPD cm2/Calib Width), or entered as 

0.1 cm when only surface sediments are oxidized. 
Tol = Photoshop “wand tolerance” value used for digital rpd selection. 
Chan = Photoshop Channel used for digital rpd selection:  RGB (all) or R (= Red channel only). 
 
Surface Features: 
Tube # = tube number or state description (None or 0 = 0; Few = 1 - 6; Some = 7 - 24; Abundant 

= 25 or more, but not a continuous coverage; Mat = a continuous coverage of the imaged 
sediment surface). 

Tube Sz = tube score for BHQ (0, 1, 2) based on tube size. 
Other Epi (#) = count of epifauna other than tubes, with species or description in next field, Epi 

Type.  Tubes are not enumerated in this column as they are covered in a previous column. 
Epi Type = type, taxon, or description of epifauna.  Tube-builders may be speciated here. 
Micro = description of visible microbial features as bacterial mat, diatoms, microalgal mat, etc. 
Low DO (0,1).  Enter 1 to indicate evidence of high sediment oxygen demand at sediment water 

interface, i.e., anoxic sediment visible at the sediment surface, as evidence of low dissolved 
oxygen (DO). 

Fecal = fecal score for BHQ (0, 1) ie, a worked or “crumbly” texture to the top few mm of 
sediment but not an overlay or drape of debris. 

Mound = feeding mound score for BHQ (0, 2, with combined Mound/Pit score not to exceed 2). 
Pit/Tun   = pit/tunnel score for BHQ (0, 2, with combined Mound/Pit score not to exceed 2). 
 
Subsurface Features: 
Burrow = burrow score for BHQ (0, 1, 2). 
Void = void score for BHQ (0, 2). 
Void # = count of voids. 
Void Min Dp (cm) = depth to top of shallowest void. 
Void Max Dp (cm) = depth to bottom of deepest void. 
Void Type = description of void types present.  The following two-or-three letter abbreviations 

are used: OXidized, REDuced, FEeding, subsurface pit/TUNnel feature. 
Infauna = infaunal score for BHQ (0, 1), with species or description in next field, Inf Type.  
Inf Type = type, taxon, or description of infauna.  
Gas (#) = number of gas bubbles identified. 
 
Successional Stage and Index Calculations: 
ISS = Infaunal Succesional Stage determination following draft EPA Guidance Manual, after 

Rhoads & Germano (1986). 
OSI = OSI score after Rhoads and Germano (1986), calculated from previous columns as per 

draft EPA Guidance Manual. 
BHQ = Benthic Habitat Quality score, calculated as per draft EPA Guidance Manual from 

preceding columns after Nilsson and Rosenberg (1997). 
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BHQ Stage = benthic successional stage derived from BHQ analysis after Nilsson and 
Rosenberg (2000).  This is the sediment profile metric we chose to describe and 
communicate soft sediment habitat quality.  Note that, if average penetration was < 5.0 cm, 
the BHQ Stage calculation was not applied and “NA” is entered in this field, since BHQ 
applies information from structures at depth.  However, BHQ calculations (in the 
above/previous column) are still applied for soft sediment images where average penetration 
was < 5.0 cm, since the BHQ value is an intermediary in our communication of results. 

 
 
Additional Information: 
Comment / Taxon / Item = further description of image, animals, etc,  
Biotope Class = Biotope classification based on both SPI and video imagery, for communication 

of results.  This is the primary classification that we plotted on mapping products of the 
dataset.  For each camera drop the following rules and prioritizations were used to determine 
Biotope Classification:   

1 - If seagrass was identified in either video or profile image, location was classified as 
seagrass. 

2 - If sandy/Nassa habitat was identified in either video or profile image and SPI 
penetration was < 5 cm (so as not to allow appropriate SPI analysis), location was 
classified as sandy/Nassas.   

3 - For soft-sediment areas where prism penetration was > 5.0 cm and SPI index 
application was appropriate, BHQ Stage 3, 2, 1, 0 was applied.    

4 - Other habitats with poor SPI penetration and no biotope information from video 
images were classified as “other,” including sand with no identifiable biotope, 
mud/shell/pebble with no identifiable biotope, and muddy sand areas where poor 
image quality did not allow better classification. 


