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Abstract

In response to a request for technical assistanoe S EPA Region 1, the US EPA Atlantic
Ecology Division conducted an imaging survey of &rélill Pond (Rhode Island) in fall of

2006 in order to characterize habitat and help cameoate the environmental condition of this
lagoon. We sampled at 30 stations, and our data glatterns that we believe are a robust
description of the conditions that existed in Gre@hPond at the time we sampled. We found
poor benthic habitat quality in the northern pocahsistent with organic enrichment and low
levels of dissolved oxygen. Benthic habitat qyaltas somewhat better in the southern areas of
the pond, which experience more water exchangeatieal currents, but even here no soft-
sediment samples were classified as high bentlatityu We saw few of the larger worms and
none of the feeding voids or tunneling crustacehasare associated with undisturbed benthic
communities. Most of the bottom of the pond gretitan 1.0 m deep was covered in soft
sediment with a flocculent surface layer of decgynganic matter. The overall distribution of
seagrass we found was similar to that described 1878 — 1980. We did not find dense
localized accumulations of macroalgae as reportad 1978 — 1980. We imaged some areas
that were scattered with oyster shell material, daumples from other areas, that were reported to
have a “heavy concentration” of oysters in the #80s, showed only mud in 2006. Our data
clearly show evidence of degraded habitat (pasityin the northern half of the pond), but we
lack a good understanding of what benthic condgtismould naturally exist in Green Hill Pond.



|. Introduction and Overview

The lagoons or “salt ponds” of southern Rhode lare widely viewed as important aquatic
resources with high ecological and recreational@gDlsen and Lee 1985, Ernst et al. 1999).
Among these lagoons, Green Hill Pond is a smadlllelv, semi-enclosed waterbody (about 1.5
km x 2.4 km) that is connected to larger Ninigreh® by a narrow channel. Ninigret Pond in
turn connects to the ocean via an inlet or breaghwée history of these ponds is well
described by Conover (1961) and Olsen and Lee (198%m the 1800s into the mid 1900s,
both Ninigret and Green Hill Ponds had direct, saally open connections to the ocean which
were maintained by local fishermen. In 1952, thenection to the ocean in Ninigret Pond was
enlarged and made into a permanent breachwayhdfuthe channel between Green Hill and
Ninigret Ponds was enlarged in 1962. Within theadies following breachway construction and
channel enlargement, salinity increased, depthedsed, and vegetation changed in these ponds
from primarily brackish species to marine spedrauding the seagragostera maringOlsen
and Lee 1985, Harlin et al. 1988). The averagaisabf Green Hill Pond is now 19 ppt (Ernst
et al. 1999) and the average tide range is 4 csefOdnd Lee 1985).

In recent decades, an issue of increasing conndhrese ponds is nutrient pollution. The first
Special Area Management Plan for the salt pondre@Isen and Lee 1985) states as a finding
of fact that “The major water pollution problemstime region are directly related to the density
and distribution of development within the watedhef the salt ponds . . . . bacterial
contamination and nutrient enrichment are the piyrtfareats to water quality.” This finding is
repeated in the 1999 Special Area Management Elanst et al. 1999): “Nutrient loading and
bacterial contamination that result from increasa®sidential and commercial development are
the primary water quality problems in the salt ppihdNutrient pollution can have the effects of:
1) favoring algal growth over seagrass growth (idaat al. 1988), potentially leading to
decreased seagrass coverage, increased algal biandsa reduction in the amount of
valuable nursery habitat for fish and shellfishn&ret al. 1999),
2) decreasing dissolved oxygen concentrationsarbtitom waters, with possible negative
impacts on aquatic animals (Satchwill and Gray 1#9@st et al. 1999), and
3) increasing the rate of organic matter produgctpmientially enlarging the area in which
soft organic sediments are found (Olsen and Le&,1Bfhst et al. 1999). This impairs
recreational uses and decreases habitat suitaloitifesirable fish and shellfish (Olsen
and Lee 1985, Ernst et al. 1999).

In October 2006 we used a sediment profile camadaaa attached video camera to capture 89
sediment profile images and 83 video images at&fibas throughout Green Hill Pond. The
intended uses of these images were: 1) to docubsemhic (seafloor) condition of the pond; and
2) to “illustrate” the condition of the pond's atjua&cosystem. The sampling objectives were to
characterize the overall condition of the pond gsirrandom survey, to re-visit specific stations
for which historic benthic information could be fal) and to explore a transect from the
shoreline into deeper water where fresh water sither northern section of the pond. The
sediment profile camera is a device designed tintotthe sediment and photograph a sediment
depth profile through an acrylic faceplate. Tlasdplate is pressed up against the sediment
itself, and provides a high resolution image teatat affected by the clarity of the surrounding
water. Sediment profile cameras have been widsdy un estuarine, coastal, and oceanic
environments, and (to a lesser degree) in fresimeateronments. These cameras allow a rapid
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assessment of benthic infaunal communities (thaggof animals that live in soft sediments)
through quantification of burrows, feeding voidsiraals, tubes, etc. The images also allow a
guantification of the aRPD (apparent Redox PotebBliscontinuity), the depth of lighter

colored, more oxidized sediments. Sediment profiéasures generally correlate to measures of
benthic fauna based on grab samples and animat@itsson and Rosenberg 2000,
Rosenberg et al. 2002, 2003). These cameras le&veused as screening tools since the early
1970s to assess the condition of benthic habi@t@aevaluate degradation caused by low
dissolved oxygen and other environmental stressbing video camera, attached to the sediment
profile camera frame, captured oblique images efsémafloor from 25 cm above the sediment
surface so as to assist in habitat characterization

This data product includes this written summaryuwthoent, a folder containing all analyzed
images, an Exc8lspreadsheet (including a metadata worksheetptbstand image parameter
data, and a chart image showing sampling locatigtisa classification of habitat results.

[I. Sampling Methods
We developed a three-part sampling program to aehlaee objectives -

1) In order to gain an understanding of the overatidition of the pond, a random sampling
scheme was applied based on a hexagon overlayagbp(bigure 1). Seventeen random
stations (16A, 17A, 18A, 19A, 20A, 21A, 22A, 23MB, 25A, 27A, 28A, 29A, 30A,
32A, 33A, and 34A) were sampled. Hexagons 26a8d,35 as well as station 24A
could not be sampled due to restrictions on thé& dfahe boat.

Figure 1. Green Hill Pond showing hexagon sampditigeme, primary random station
locations (A, orange), and alternate random stdtioations (B and C, yellow and purple).
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2) In order to revisit stations for which histobienthic information exists, stations described
in Woodruff (1960) and Conover (1958, 1961) wemagied (Stations Wd1, Wd2, Wds3,
Cn4, Cn5, and Cn6, shown in Figure 4).

3) In order to investigate changes along a demlignt from the major freshwater input of
the pond into the deeper northern part of the parithnsect running southwest from
Factory Pond Brook was sampled (Stations 101, 102, 104, 105, 106, and 107, shown

in Figure 4).

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

'wll : \“

Figure 2. Sediment profile camera as used in Gré#iPond showing the triangular “prism” with
rectangular faceplate at lower center, and thelsrabled grey video camera to the right. The
faceplate of the camera is 15 cm x 20 cm. Theklectangles near the top of the camera frame are
11.5 kg weights that help force the prism intogbhdiment. The green cables connect the sediment
profile and the video cameras to monitors on thet bar real-time viewing.
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Details of the sampling techniques are describetdriMetadata” worksheet of the ExGelata
file “GreenHillPond2006.xls.” This metadata shisedlso appended to this document. The
procedures we followed are described in the dre&t BPA document “Consistent Methods for
Interpretation and Analysis of Sediment Profile ¢res: Guidance Manual,” in the Atlantic
Ecology Division Lab Operating Procedure LOP-AED/®/BC/2003-01-00, and in the
technical assistance plan that was approved fentbrk.

[ll. Analytical Methods

All sediment profile data were analyzed by Gianz&icchetti (US EPA, AED) using methods
described in the draft U.S. EPA document “Consisiéethods for Interpretation and Analysis
of Sediment Profile Images: Guidance Manual.” 8eglit profile images were enhanced in
Adobe Photoshop 7Dwith a histogram equalization, mild light/darkntriand mid-range
contrast adjustment following guidelines of Rossaraat Yamada (2004). Soft-sediment images
were evaluated using the Benthic Habitat Qualitd(B index as described in Nilsson and
Rosenberg (1997), shown in Figure 3 to align whih ¢lassic Pearson-Rosenberg model of
benthic response to disturbance. BHQ values aager&om O to 15. Benthic community
“Stages,” which are binnings of BHQ values intorfeaologically descriptive groupings, are
also shown in Figure 3. The BHQ “Stage” (Nilssowl &#0senberg 1997, range 0 to 3) is an
intuitively understandable and ecologically meafuhdescriptor of benthic community status,
and we use this measure as the primary metriclmfdtajuality in soft-sediment areas.

Figure 3. Benthic Habitat Quality (BHQ) Index ®valuation of sediment profile images, adapted
from Nilsson and Rosenberg (2000).
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As a data quality step, about 17% of the sedimsoftl@ images in our data set were selected at
random and analyzed separately by a second expedeamalyst. This independent analysis
concurred with the original analysis for over 90#4h® examined images on key parameters
BHQ and BHQ stage.

In addition to the sediment profile image that waptured and analyzed from each drop of the
camera frame, a single still image was isolatethfeach of the approximately 30-second video
recordings at each drop, to provide an obliquéh&fisseye” view of benthic habitat. The clearest
and sharpest frame from each 30-second video recpnhs selected using Adobe Premiere
6.0° and enhanced in Adobe Photoshop®iith a histogram equalization, mild light/darkntrj
and mid-range contrast adjustment following guitiedi of Rossner and Yamada (2004). Video
images were then analyzed to best identify hatyits.

For communication purposes, each station and despoategorized into one of eight classes
from both sediment profile and video imagery basedhe following rules and prioritizations:

SeagrasgFigure 5), if any seagrass (dead or alive) wastitled in either the video or
profile image. The paradigms upon which BHQ arieeosediment profile image indices
were developed are not particularly applicables@gsass root/rhizome areas.

Nassas/SandFigure 10), if this habitat was identified in atithe video or profile image.
Sediment profile cameras do not penetrate wellsatod sediments, and sediment profile
indices are not applicable to sand habitdassariusand related snail genera were
associated with this habitat in Green Hill Pond.

Oyster (Figure 11), if one or more probable live oysteesavidentified in either the video or
profile image. Sediment profile cameras do notgpete well in shelly areas.

Stage 3, Stage 2, Stage dr, Stage 0 for soft-sediment areas where camera penetrat&sn
greater than or equal to 5 cm and BHQ index apjptioas appropriate. Stages are
determined by BHQ score (Figure 3), but are assedtmith certain characteristics.
Stage 3 (not present in our data set) is assoaratachigh habitat quality, larger animals
living deep in the sediment, and substantial aRBfilts. Stage 2 (good habitat quality,
Figure 8) is characterized by mid-sized animals¢j\at intermediate sediment depths,
while Stage 1 habitats (low quality, Figure 7) @ntmostly surface-dwelling smaller
animals and shallow aRPD depths. Stage 0 imageg poor habitat quality, Figure 6)
show little or no evidence of animal life and vehallow or non-existent aRPD depths.

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

IV. Results and Discussion

1. Structure of the data product

This report, the associated metadata, and allgtathucts were generated in response to a
request for technical assistance from Region heodAtlantic Ecology Division. In addition to

this written summary report, a data DVD is avakatd provide: 1) a folder containing all
sediment profile and video images; 2) an EXcglreadsheet named “GreenHillPond2006.xIs”
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Figure 4. Data plotted over aerial image to shppraximate locations of each sample, station
names (white characters), water depth in metdaisatof sampling (yellow numbers), and habitat
classification for each sample (see color key)is Tihage has been altered to more clearly display
information - - some icon positions have been stifty up to 5 pixels to show information hidden
behind overlapped sample locations. The guidelifié®ossner and Yamada (2004) were not
applied, and this image should be used for comnativic purposes only. Data users should obtain
information directly from the spreadsheet “Greetiftihd2006.xls.”
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that includes data for all sampled parameters begetith a metadata worksheet; and 3) a jpeg
image of Figure 4 (below) named “GreenHillSurveggpthat shows a map of station names
and image locations. Figure 4 was produced witlpteteh Chart Navigator 4%charting
software and can be used together with the imagerfcthe Excél spreadsheet, and this
summary document to help visualize conditions egbnd.

The actual images corresponding to each statiordeogishown on Figure 4 can be viewed from
the image folder. Images are labeled with the&lee structure GH-Stn-Drop-ImageType,
where “GH” stands for “Green Hill,” Stn is the teréetter station designation used in this
summary and in Figure 4, “Drop” is the camera dvopample number, and ImageType is either
SPI to denote a sediment profile image, or VID éoate a still image captured from the oblique
frame-mounted video camera at that drop. Typic#tg camera was dropped three times at
each station and three images (samples) were eapinam each camera. Label conventions are
consistent among Figure 4, the spreadsheet, anchdge file names. Images are saved as
layered tiffs with hidden comment layers. The cagniiayers on each sediment profile image
show analysis notes, with features identified aintlex; also, the aRPD areas were saved as
“selections.” The images can be opened with aragerviewing software, and will show a view
of the seafloor. Software that supports a layéoemiat and selections (e.g., PhotosHais

needed to unhide the comment layers and load tR®aiRlections, if desired. All sediment
profile and video images (including the Figuresvghan this document) were cropped, and were
also enhanced in Adobe PhotosRdp0 using histogram trimming of up to 2% in eaokoc
channel followed by histogram equalization and ragjustments to midrange contrast. Rules
for image enhancement from Rossner and Yamada\26@ladhered to for all images except
the chart image of Figure 4.

2. Overall condition of the pond based on randomasnpling

Seventeen random stations (16A, 17A, 18A, 19A, Z0IKA, 22A, 23A, 24B, 25A, 27A, 28A,
29A, 30A, 32A, 33A, and 34A) were sampled basetherscheme shown in Figure 1.
Information from other stations is also discussecklas appropriate.

a. Seagrass and algae

Conover (1961) reported little vegetation in GréthPond from 1955 — 1957, but this was
shortly after the 1952 enlargement of the Ninigmetachway. Vegetation in Ninigret Pond
changed dramatically in the ten years followingdatevay construction (Harlin et al. 1988) and
Green Hill vegetation may have been in a statdhahge during the 1950s as well. The channel
between Green Hill Pond and Ninigret Pond was geldin 1962, which led to dramatic
increases in salinity in Green Hill Pond (Olsen &erd 1985). Thorne-Miller et al. (1983)
surveyed vegetation in Green Hill Pond in 1978,9,%hd 1980, and found seagrass coverage in
most areas of the pond except for the centralgdd@he northern lobe and the small cove by
Shore Drive on the western side of the pond. Tbieildution of seagrass suggested by our data
is consistent with that reported by Thorne-Milleak (1983); our images show seagrass in most
areas of the pond except for the central part@hibrthern lobe. Our one station (21A) in the
small western cove by Shore Drive did not show ssessghabitat.
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The seagrass in most of our images appears toaosesgnd in bad shape, with many blades
seemingly dead or decaying (Figure 5, see alsamvidages from 17A, 22A, 27A, 34A). No
meadows of standing live healthy seagrass weredfottowever, this may well be due to our
October sampling dates and a natural seasonalassadje-off in Green Hill Pond. Harlin et al.
(1988) reported a significant seasonal die-oZo$terain Ninigret Pond beginning in August,
with maximum biomass of dead plant matter in Septmand October of 1978. Conover

Figure 5. Seagrass bed from Station 22A (westentral pond) showing decay. Top image is a
sediment profile view, the scene is 15 cm wide, tiedsediment-water interface (sediment surface)
is indicated with red arrows. Note brown decayedteranear center of image and live green
material at right. The bottom image is the sinmdiaus video camera view, capturing a much larger
scene. Note blades of standing |[E@steraat lower right of video image. Images GH-22A-2-SP
and GH-22A-2-VID.
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(1961) and Thorne-Miller et al. (1983) refer tostphenomenon in Ninigret as well. The time of
year in which we sampled was not appropriate foexaluation of seagrass density or condition.
If a characterization of seagrass condition isrédsiwe recommend that this pond be revisited to
evaluate seagrass in early summer (July), whitheiperiod of peak live biomass reported in
Ninigret by Harlin et al. (1988) and Thorne-Miller al. (1983).

We did not see dense mats of macroalgae in ourasjampting that Thorne-Miller et al. (1983)
reported a high biomass of macroalgae along thin@or and northeastern shorelines of the
pond in summer, in an area near our stations 1@A28A. Because of the draft of our boat, we
did not investigate the nearshore or the shordigedf for the accumulations of algae that
reportedly wash up in these areas; we may well hagsed this phenomenon even if it had
existed. Algal bloom beds are a seasonal andizechévent that may peak at different times of
summer or fall at various places in the salt pgid®rne-Miller et al. 1983, Harlin et al. 1988).

b. Soft-sediment benthic fauna and evidence of lodissolved oxygen

Soft-sediment habitats were characterized using\tlsson-Rosenberg Benthic Habitat Quality
(BHQ) index communicated as Stage 3, Stage 2, StageStage 0 (Figure 3). BHQ Stage is a
binning of BHQ values as shown in Figure 3. The@iddex generally correlates to measures
of benthic macrofauna based on grab samples anthhoounts (Nilsson and Rosenberg 2000,
Rosenberg et al. 2002, 2003). The index is baseguiantitative identification of fauna (or
evidence of fauna) combined with a quantitativeedatnation of the apparent Redox Potential
Discontinuity (aRPD) depth, or depth of greategtaapnt color change in the upper layer of
sediment. The aRPD is an indicator of oxidizedrsedt and the biological activity of
burrowing organisms, and is correlated to bottortewdissolved oxygen concentration
(Rosenberg 1977, Diaz et al. 1992). The BHQ inues<been shown to be correlated to near-
bottom dissolved oxygen in a Rhode Island estu@igchetti et al. 2006).

Pond-wide, our data for soft sediment areas shostlgnlow quality Stage 1 habitat (40
samples) with some habitat characterized as St@ges@mples) and Stage 0 (3 samples). No
“undisturbed” Stage 3 habitats were identifiedhis tdata set, and we found no evidence of
larger benthic infauna which would lead to Stag#a3sifications. We did not see any feeding
voids of larger deposit-feeding animals, nor didsge any tunnels of burrowing crustaceans, as
are found in western Ninigret Pond (see www.magptooi@y. Only a few larger worm burrows
were present (e.g., 19A-2-SPI, 19A-3-SPI, 27A-1;2BA-2-SPI, Cn4-2-SPI). Similarly, few
larger tube-building fauna were seen; only one ahibe had a diameter larger than 2 mm
(Con-4-SPI). More sizeable infauna are generabpaiated with stable environmental
conditions and high levels of dissolved oxygen,aliballow for development of larger animals.

In particular, our results for soft-sediment stasian the northern section of the pond indicate
poor habitat quality. Three samples in this atean®d very poor Stage 0 habitat (Figure 6),
with little evidence of animal life (16A-3, 107-207-3). Most images showed Stage 1 habitat
(Figure 7); no images above north latitude 41.38h8fved habitat quality above Stage 1. Our
images suggest an area of degraded benthos imttieem part of the pond. Consistent with
low dissolved oxygen as a stressor, these imageslexl small surface-dwelling animals and
shallow aRPD depths. Many images also showedatavkic sediment contacting the overlying
water, evidence of low dissolved oxygen levelsattdm waters (Rhoads and Germano 1982).
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Figure 6. Very poor Stage 0 benthic habitat s¢S&tation 16A in the northern section of the pond,
less than 30 m from shore. Imaged scene is 15ida vWDarker anoxic sediment is in contact with
the overlying water in this image. Note floccultayer (red arrow), lack of visible animal life,can
absence of any lighter oxidized sediment at thesclfated sediment surface (yellow arrow).

Image GH-16A-3-SPI.

v/

Figure 7. Low quality Stage 1 benthic habitat sae8tation 103 in the northern section of the
pond. Imaged scene is 15 cm wide. Note verylibirier tan-colored oxidized layer and surface
tube structures (e.g., yellow arrow, probably boyltthe amphipodmpeliscy. Tube-like structures
in the sediment are likely surfagenpeliscaubes that were dragged down by the camera phstn,
small worms (e.g., red arrow) are also presenfaghnGH-103-1-SPI.
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In the southern half of the pond (below north laté 41.3715°), the majority of soft-sediment
samples showed somewhat degraded Stage 1 habitag\eral images here did show better
Stage 2 habitat (Figure 8). No images from thi$ pithe pond were characterized as very
degraded, with Stage 0 habitat. Again, no sanfpbes soft sediment areas taken anywhere in
Green Hill Pond showed high quality Stage 3 commmesi The southern area of the pond isin a
different geological setting, and experiences grealhysical energy and water exchange due to
tidal currents from the connection to Ninigret P¢@dsen and Lee 1985). These factors may
contribute to better benthic habitat quality hérantis seen in the northern part of the pond.

Figure 8. Good quality Stage 2 benthic habitah sgeStation 29A in “Flat Meadow Cove” in the
southeastern part of the pond. Imaged sceneéslide. Note larger grey burrow at left with
transected dark worm (red arrow) and 2.4 cm aRK€x laf lighter tan-colored oxidized sediment
near sediment surface. Also note tube (blue atrremvall burrows (yellow arrows), and pelletized
texture to fecal zone at surface, evidence of samithals “working” the top layers of sediment.
This is the image from our data set with the higiB#$Q score (BHQ = 8). Image GH-29A-2-SPI.

Although no previous benthic faunal data existGoeen Hill Pond to our knowledge, dissolved
oxygen has been measured in the pond at varioes ti@onover (1961) found no problems
with low oxygen in Green Hill Pond from 1955 - 19%though Conover’s sampling scheme
was not well designed to locate areas of low dissbbxygen had they existed at that time.
Satchwill and Gray (1990) collected dissolved oxydata at many stations around the pond and
at a fixed station at Indigo Point, which we presusiclose to Indigo Point Road on the
Charlestown side of the northern part of the po8dtchwill and Gray found lowest dissolved
oxygen levels in Green Hill in September and Novendd 1990, though mean levels of bottom
water dissolved oxygen did not drop below 90% sdioin. Green Hill Pond is currently on the
US EPA 303(d) list as impaired for low DO, and auages provide evidence that the DO levels
in Green Hill Pond are in fact having a negativeatt on benthic animal communities.
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c. Organic decay

The sediment profile and video images showed saanif areas of dead or dying seagrass
(Figure 5) and other forms of organic decay (elgcaying algae, Figure 9). Much of this may
be a natural phenomenon associated with seagnasscemce (Harlin et al. 1988, see above).
Most of the bottom of the pond seemed to be drapedlocculent layer of decaying material,
and many images showed a suspended layer of orgeatier (Figure 9). This suspended layer
was also found on sandier sediments (e.g., St&80&) where it seemed to have been deposited
by water movement within the pond rather than gateerin place. This layer was identified as
“floc/decay” in the Excél spreadsheet if present as a suspended layer‘decey” if present as
a sediment drape without suspended particles.egalflayer” was identified where a pelletized
surface layer of unsuspended coarser-grained rabsgpeared to have been “worked” or
“repackaged” in the sediment at that location,, d=gyure 8.

v/

Figure 9. Organic decay seen at Station 17A imtivthern pond showing thicker cohesive
decaying macroalgae (yellow arrow) and flocculagel of decaying material, seen here as particles
suspended in the water column. Green and browarrabbelow sediment surface (red arrow) was
most likely dragged down into the sediment as traara 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 described by Conover in 1961: “The
deposits along the northern shore are largely aorted mixture of cobble, gravel, and coarse
sand of glacial origin. Extending into the pondsri the barrier beach is an extensive tidal delta
of well sorted sand. The sediment in the centoalign is principally silt containing

considerable organic matter presumably resultioppforganic production within the ponds.” It

is possible that the area of silt is expanding withreen Hill Pond, and this is discussed in both
the 1985 and the 1999 Special Area Management Rlatise salt ponds: “Eutrophic conditions
are probably also the cause of the extension asawésoft, highly organic bottom sediments
that are virtually devoid of shellfish over aredsaymerly productive sandy bottom” (Olsen and
Lee 1985).

All 27 samples taken from random stations in wdegths greater than 1.0 m were characterized
as soft sediments, including mud substrate (74%)sandy mud substrate (26%). All 33 of our
non-random samples taken in water depths greaartt® m were also classified as soft
sediments. Of our total 51 samples from randortiosig at all depths (3 samples at each of 17
random stations), 39 (76%) were classified as(safid or sandy mud), while 12 (24%) were
harder (sand, muddy sand, gravel, or cobble)thémorthern section of the pond, gravel/cobble
habitat was found only at station 20A (20A-2, 20A-®1ost of our stations throughout Green
Hill Pond were characterized by either unvegetatdtisediments, or by soft sediments
colonized by seagrass. On the southern shoreaedrGill Pond, we found sand habitat (with
Nassa snails) within 200 m of the barrier islangvater depths <1 m (Figure 10). Station 34A
(1.5 m deep, less than 100 m from the barrier d§ldiad a soft organic mud substrate and
seagrass habitat, and Station 28A (0.8 m deept&06um from the barrier island) was
characterized as gravel/shell habitat (28A-1, 28R8A-3). In the northern pond, we found soft
sediments very close to shore in some areas §ajion 16A, Figure 6).

Although the majority of our samples show soft waged or soft unvegetated habitats (see also
the discussion on historic descriptions of habitéection V-3 below), it is difficult to say from
our data whether the area covered by soft sedinmetit® pond has expanded either north or
south over the last decades. If this issue isghed to be of importance, we recommend
interviewing established local residents who hagularly visited docks and shoreline access
points over the last decades, particularly in thehern section of the pond. These residents
may be able to provide information on specific komas where mud habitat has or has not
replaced harder habitats, so as to evaluate theljildy that areas of mud have been increasing
in the pond. Another approach would be to condwsxtdiment coring study to look for organic
muds covering over sandy or shelly deposits insavdzere hard substrates have been reported in
the past (see Section IV-3 below). The combinatibcoring data with dated anecdotal
information could further provide information onpaesition rates.
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Figure 10. Sandy habitat with Nassa snails (eed.arrow)seen insediment profile image (top)
and video image (bottom) both from Station 32A,riba connection to Ninigret Pond. The dark
rectangle near the top of the sediment profile inagpart 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 bentlic information exists

Both Woodruff (1960) and Conover (1958, 1961) saubreen Hill Pond after the 1952
enlargement of the Ninigret breachway, but befbee962 enlargement of the channel between
Green Hill and Ninigret Ponds. We sampled locaifsom these studies where benthic habitat
was described (Stations Wd1, Wd2, Wd3, Cn4, Cn&,@mb6, Figure 4). Sampling latitudes and
longitudes were obtained by overlaying maps froendhginal documents over a digital charting
program (Maptech Chart Navigator £) and locations are subject to error.
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wd1l, Wd2, Wd3, and random stations 20A, 28A welgased in the middle of areas shown on a
chart in Woodruff (1960) as having “heavy conceinrd of oysters. In our sampling, the
deeper Wd1, Wd2, and Wd3 stations (1.7 m, 1.8 wmh,Jah m) were devoid of either live oysters
or shell, showing primarily soft mud habitat, wibagrass coverage at Wd3. The shallower
stations 20A and 28A (1.0 m and 0.8 m) showed shelie video images, and one possible live
oyster was seen, in image 28A-3-SPI (Figure 11).

Figure 11. Cobbles, pebbles, shells, and a peskilel oyster (red arrowgeen insediment profile
image (top) from Station 28A in the southern secobthe pond. Also shown is the video image
(bottom) from this station. Images GH-28A-3-SPd &H-28A-3-VID.

We did not find the healthy oyster populations régebin Woodruff, particularly in the deeper
areas of the zones that Woodruff mapped as “heangentration.” Green Hill Pond has been
closed to shellfishing since 1994, so overharvgssmot likely to have removed recent oyster
populations. Woodruff’s study took place priorthe 1962 enlargement of the channel
connecting Green Hill and Ninigret Ponds, whichte@ dramatic increase in average salinity in
Green Hill Pond that probably reduced oyster pdpra (Ernst et al. 1999). According to the

Page 15



1984 and 1999 Special Area Management Plans faah@onds, “Today, the remaining oyster
producing areas of Ninigret and Green Hill are @#d by episodes of low oxygen which appear
to limit their production” (Ernst et al. 1999). d&iase may also be a factor. If our sampling at
wd1l, Wd2, and Wd3 did actually occur in locatiortsane heavy oyster concentrations were
historically located, then these oyster shell deépagould appear to have been buried in soft
mud in the last half century to depths deeper thartypical 5 — 15 cm camera penetration
depth. We recommend a more comprehensive imagivgy and sediment coring in
Woodruff's “heavy concentration” areas to betteplexe the possibility of oyster bed burial,
estimate deposition rates, etc. However, imagimjaring datasets cannot reveal what factors
actually led to decreased oyster populations; oysien be affected by a number of natural and
anthropogenic stressors (e.g., salinity incredeesdissolved oxygen, disease, overharvesting,
excess sediments).

Stations Cn4, Cn5, and Cn6 were located in areascterized by Conover in the late 1950s as:

Cn4: 5 feet (1.5 m) mean depth; brackish; very lsoftom with almost no vegetation,

Cn5: 4 feet (1.2 m) mean depth; brackish; very Boftom with little vegetation,

Cn6: 3 feet (0.9 m) mean depth; brackish; very lsoftom with little vegetation.
Our data for stations Cn5 and Cn6 show bottom tgpelts that are very consistent with those
reported by Conover. At Station Cn4 (and at randtation 27A, which was very close to
station Cn4) we did find seagrass in some of thegies; otherwise, habitat type results were
consistent with Conover. The water depths repdste@onover were shallower than the depths
we measured, however (by 0.2 m — 0.7 m, see depdhised on Figure 4), which might be due
to a variety of reasons. These descriptions ino€en(1961) show that soft sediment habitats
were present in the central areas of the pond d@dyears ago; our data show that soft sediment
habitats are still present in these areas.

4. Evaluation of a gradient from the major freshwaer input into the northern pond

We sampled seven stations (101, 102, 103, 104,108,,and 107) on a transect running
southwest away from shore from Factory Pond Brotdk the northern end of Green Hill Pond.
Depth, mean BHQ, and mean BHQ Stage for the reépBcat each station are shown in the Table
below:

station #drops mean depth, mmean 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 isagrgaway from the shore. Mean BHQ
(possible range, 0 to 15) shows a decrease indtajuitlity coincident with increasing water
depth. BHQ Stage does not show this trend very, et BHQ Stage is a binning of BHQ that
ranges from O to 3, so less resolution with BHQ@8tg expected. We could not secure good
imagery at Station 102, and camera penetrationti@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 appatg application of BHQ and BHQ Stage.
Habitat quality at Station 102 appeared consisiattit the trend of the transect, however. Some
sandy mud habitat was seen at the shallow stalineafansect (101, 102); the remainder of the
transect was classified as mud. Station 107 eatiéfep end of the transect, was characterized by
very poor habitat quality, with two samples (10@1 107-3) showing Stage 0 conditions
(Figure 12). All six samples from stations 106 40d showed evidence of low dissolved

oxygen (anoxic sediment in contact with the ovedywater, Rhoads and Germano 1982). This
transect confirms a trend of decreasing habitalityuékely associated with low dissolved

oxygen concentrations) as water depth increasesrthern Green Hill Pond.

Figure 12. Poor Stage 0 benthic habitat quadignsat Station 107, the deepest station on our
transect in the northern part of the pond. Naiedlilent suspended material (red arrow), lack of
animals, and absence of any oxidized sedimeneatdhsolidated sediment surface (yellow arrow).
Image GH-107-3-SPI.
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V. Summary

Our imaging survey was based on point-sampling,catichot deliver seamless coverage of
Green Hill Pond. Nonetheless, our data show gepaiterns that we believe provide a reliable
description of the conditions that existed at theetwe sampled. We found soft sediments and
poor benthic habitat quality in the northern satitwd Green Hill Pond. Many of our images
from this part of the pond showed only small susfdavelling animals, very shallow aRPD
depths, and anoxic sediment in contact with thelpiveg water, evidence that is consistent with
organic enrichment and low dissolved oxygen comaéiohs (Rhoads and Germano 1982).
Benthic habitat quality was somewhat better ingbwgthern half of the pond, but even here no
tunneling crustaceans or similar large fauna charastic of high quality benthic communities
were seen, as can be found in western Ninigret PGhe region within 200 m of the barrier
island and near the connection to Ninigret Pond geserally sandy, with Nassa snails as a
defining species. Broad-scale distributions ofysass appeared similar to those reported from
1978 — 1980 (Thorne-Miller et al. 1983), but outada&ere collected late in the season and are
not appropriate to evaluate seagrass conditiorsity. We did not find dense localized
accumulations of macroalgae as reported from ceataas of the pond in 1979 and 1980
(Thorne-Miller et al. 1983). We found oyster shralterial in some locations, but nowhere in
the pond did we see the abundant oyster populati@isvere once supported (Woodruff 1960).
Certain areas that were reported in the late 18b8ave a “heavy concentration” of oysters
(Woodruff 1960) showed only mud in our images. $ahthese findings are less robust due to
the variability of biological features over spacel@ime combined with our limited spatial and
temporal coverage of the pond. In particular, fdings of few dense macroalgal deposits and
of potentially buried historic oyster reefs needHtar exploration before they are accepted as
descriptive of current conditions. We feel that owore robust findings include: 1) that benthic
habitat quality was poor in the northern sectiothef pond; 2) that seagrass coverage appeared
consistent with reports from 1978 — 1980; and &) thost of the pond greater than 1.0 m deep
was covered in soft sediment with a flocculentaceflayer of decaying organic matter. Overall,
our results clearly show areas of degraded halbitatwe lack a good understanding of what
benthic conditions should naturally exist in Grégth Pond.
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Appendix: Metadata worksheet from Excef file “GreenHillPond2006.xIs”

Metadata and Read Me -

Basic information:

This data set was collected as part of a GreerRditid technical assistance to Region 1, with
Giancarlo Cicchetti as Principal Investigator. Tneject is described in the approved plan for
technical assistance. The major purposes of thiegrwere to characterize habitat and habitat
quality in Green Hill Pond. All sediment profilsages were captured using a Minolta Dimage
A-2 incorporated into an EPA-built 41 degree Seditirofile Imaging (SPI) Camera on the
Research Vess8partinaon 10-11, 10-24, and 10-26, 2006. Members ofidteé team (as
available) included Giancarlo Cicchetti (US EPA,2\EBresent on every sampling date), Rob
Adler (US EPA, R1), Bryan Taplin (US EPA, AED), Jlratimer (US EPA, AED), and/or Eric
Weissberger (US EPA, AED). A WAAS-enabled Garmatap GPS set to Datum WGS 84
was used for positioning. A 570-line color videorera was mounted to the sediment profile
frame at a 45 degree angle, 25 cm above deck.oVidages include an overwrite of GPS
information, noting that GPS time displays Greermbean Time, which is 4 hours ahead of
local time. Water depths were recorded with a mastick except for deeper stations 19A,
Wood2, and 24B where the vessel's Hummingbird Radrsonar was used.

Conditions during the sampling period were as fefio
Sea State: flat in pond on all days
Wind Speed: 5 - 20 kts
Wind Direction: variable
Tides & Currents: Green Hill Pond is micratiidwith a substantial delay vs. ocean tides

Camera specifications were as follows:
Sediment Profile Camera: EPA-built 41 degredi®ent 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 weightingd Kg (= 4 weights)
Basic (default) camera stop depth: 16 cm
Exposure was set to Program mode
White balance on digital camera was set toliDlaty

All sediment profile data were analyzed by Gianz&icchetti (US EPA, AED) following the
draft U.S. EPA document “Consistent Methods foetptetation and Analysis of Sediment
Profile Images: Guidance Manual.” Non-descripfileenames were used during the analysis to
reduce any bias; these were later changed to filesancorporating the station names and
replicate numbers. Sediment profile and video iesagere enhanced in Adobe Photoshop 7.0
using histogram trimming of up to 2% in each cabannel followed by histogram equalization
and mild adjustments to midrange contrast as eUts. EPA draft guidance document.
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The following rules for image enhancement were esth& (from Rossner and Yamada 2004):
1 - Adjustments of brightness, contrast, and cb&ance, as well as histogram trimming,
were applied to the whole image (after croppingnaityzed extraneous pixels) so as not
to obscure or eliminate any information preserthaoriginal.
2 - No specific features within an image were erkdnobscured, moved, manipulated, or
introduced.
3 - Pixel dimensions were not resized to increasenumber of pixels in an image.

Further, no other types of image enhancement tbatdicreate new information (e.g,
sharpening filters) were used.

When sediment profile images were rejected fronmyarsathe following procedure was applied:
1 - Images with clear artifacts of exposure, draggprism disturbance were rejected.
2 - When multiple exposures were taken on a sidgip, the “best” image was selected.
3 - When a decision not to analyze was made, thshased on a random numbers table.
4 - All image rejection decisions were documentei Cicchetti’'s EPA Project Book 86.

The classification scheme described in the U.S. BB&ument “Consistent Methods for
Interpretation and Analysis of Sediment Profile ¢ragt Guidance Manual” was adapted for
descriptions of habitat.

Monitors were calibrated using Addb&amma within 3 days of use in analysis. Monitor
calibration procedures are available upon requéltdata were checked for data quality by
Giancarlo Cicchetti (US EPA, AED) following the mexdures described in the US EPA
Guidance Document.

A total of 15 samples were selected from this ddtat89 samples at random by experienced
sediment profile image analyst Laura Coiro (US ERED) and examined independently. For
12 of these (80% of re-analyzed samples), a “cdrauigenerally concur” assessment was
found, with some differences noted particularlypon-quantitative or descriptive “comment”
type fields. For two of the three non-concur imaffH6-2 and 18A-3, 13% of re-analyzed
samples), differences in interpretation betweernyateawould not change BHQ, BHQ Stage, or
biotope classification. For one image (24B-2, M#eeanalyzed samples) a difference in
interpretation would either reject the image wh@reCicchetti accepted it, or would decrease
BHQ by 1 (and would decrease BHQ stage as welidse classification from 1 to 0). To
summarize, the independent analysis of L. Coirsvsi® 90% concurrence with the original data
set in assessments of the key parameters BHQ, BBige Sand Biotope Classification. A copy
of L. Coiro's analysis is available upon requesirfrG. Cicchetti or from L. Coiro, US EPA,
Atlantic Ecology Division.

All image data are stored on DVD under the car&iahcarlo Cicchetti (US EPA, AED) both in
a raw format (unaltered image data) and in a lal&feformat (for the processed images). The
layered tiffs also include a “Comments” layer aricdppropriate) a saved RPD selection. The
tiffs can be opened in any image viewing softwareiéw the imaged seafloor, but a program
that supports layers (e.g., Photoshop) is needadhme the comment layer and load the RPD
selection where desired.
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Conventions for data entry:

Fields where presence/absence are recorded shbwn@he wrapped header, with 0 = absent
and 1 = present.

Fields where counts are recorded show (#) in tleped header, with 0, 1, 2, 3 ... = count.

The conventions “None, Few, Some, Abundant, Mati’ lza applied to tubes or other similar
structures with the specific meanings of: Non@ erno tubes identified. Few =1 - 6 tubes.
Some =7 - 24 tubes. Abundant = 25 or more tulngsnot a continuous coverage of tubes.
Mat = a continuous coverage of tubes over the imh@agea. The abbreviations 0 or N, F, S,
A, M may be used.

Fields where a measurement is recorded show (uniteg wrapped header as (cm), (cm2), etc.

Fields where a description is recorded do not sa@arenthetical () in the wrapped header, or
provide a brief range of options in a parentheticefler to this metadata document for further
information and abbreviations.

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

Fields which name several taxa should list thesa itaorder of decreasing perceived ecological
significance based on best professional judgment,with the most significant taxon listed
first.

ND = No Data are available, i.e., data were noecteéd due to a problem encountered or other
reason.

NA = Data field is Not Applicable, i.e., data entsynot appropriate for this field.

?? = this information cannot be interpreted fromithage.

A dash ( -) is used to indicate that a field i2mionally left blank, i.e., an optional “comment”
was not entered.

The use of “?” following an entry indicates proldapibut not certainty. For example,
“Crangon?” indicates that an imaged animal wastitied as most likely, but not
definitively, Crangon.

Analysis Notes:

1 - Images identified with a habitat type @dsterg” “ Ruppig” “oyster,” “sand,” “cobble”
were not analyzed for BHQ or other sediment profitices as these indices are not
appropriate to those habitat types.

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

Identification, Acquisition, and Video Data:

Area = Green Hill Pond, R, for all images in thistaset.

Station = Name assigned to sampling location thnqugject protocol.

Rep = penetration or replicate number at that &tati

Date = date of image capture.

Time = time of image capture, in local time.

Latitude = latitude of sampling location in DD.DDDCformat, from WAAS-enabled Garmin
76Map GPS set to Datum WGS 84 on sampling vessel.

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

Depth (m) = water depth in meters at image capagguired with a marked stick except as
noted above.

Video File = File name of corresponding video imagptured as a still from camera mounted
on sediment profile frame. Video images includeaerwrite of GPS information, noting
that GPS time displays Greenwich Mean Time, which hours ahead of local time.

Habl = primary habitat as identified from videdl sthage.

Hab2 = secondary habitat as identified from vid@bisiage.

Comment = comment based on video still image.

SPI File = File name of digital sediment profileage file.

Carr Wts = weight in kg on sliding carriage to pehetration.

Carr Stop = cm of travel carriage can descend, unedsrom prism cutting edge resting on
deck.

Field Note (mud on frame, collection of ancillanfarmation, etc).

Basic SPI Measurements, Habitat Characterization, ad aRPD:

Calib = Prism or Scene Width (cm), the width of seene from which aRPD area was
measured. This is equivalent to the viewed widtthe prism window (15.0 cm) if the
aRPD area was derived from the full image width.

Min Pen (cm), = minimum penetration depth, measina the image.

Max Pen (cm), = maximum penetration depth, measinoea the image.

Avg Penetration depth (cm), calculated from thegeas ((max pen + min pen)/2).

Rough (cm) = boundary roughness, calculated frarrttage as (max pen - min pen).

Sed Tex = description of the sediment surface texiwwhere possible) as smooth, rippled,
physical, biological, scarred.

Sed Type = primary sediment grain size descriptooaling to CMECS scheme.

Substr Comp = descriptor of substrate compositooday, shell hash, organic, mix, etc; see
Guidance Document for more complete listing.

Phys Hab Mod = description of additional physicabitat features such as phytoplankton
detritus, shell, terrestrial material, floc, tradkscription of surface or subsurface layers if
present; see draft EPA Guidance Manual for moreptet® listing.

Biotope 1 = description of a biological habitat ptdal from draft U.S. EPA Guidance document.

Biotope 2 = description of a second biological kethif present, with no default prioritization or
ordering of Biotope 1 vs Biotope 2 or 3.

Biotope 3 = description of a third biological hatjtif 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. Wbely the surface sediments are oxidized,
“NA” is entered in the aRPD pixel and aRPD (cm2)ds. Quantifying pixels in very thin (~
1 mm) aRPD layers introduces error, because thensettwater interface is difficult to
identify with the necessary accuracy. In thesega@& 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, calculageRPD cm2/Calib Width), or entered as
0.1 cm when only surface sediments are oxidized.

Tol = Photoshop “wand tolerance” value used fortdigpd selection.

Chan = Photoshop Channel used for digital rpd sielec RGB (all) or R (= Red channel only).

Surface Features:

Tube # = tube number or state description (Nong@o0; Few = 1 - 6; Some = 7 - 24; Abundant
= 25 or more, but not a continuous coverage; Matcentinuous coverage of the imaged
sediment surface).

Tube Sz = tube score for BHQ (0, 1, 2) based oa site.

Other Epi (#) = count of epifauna other than tulmat) species or description in next field, Epi
Type. Tubes are not enumerated in this columhegdre covered in a previous column.

Epi Type = type, taxon, or description of epifaufaibe-builders may be speciated here.

Micro = description of visible microbial features bacterial mat, diatoms, microalgal mat, etc.

Low DO (0,1). Enter 1 to indicate evidence of hggfdiment oxygen demand at sediment water
interface, i.e., anoxic sediment visible at therseut surface, as evidence of low dissolved
oxygen (DO).

Fecal = fecal score for BHQ (0, 1) ie, a workedasumbly” 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 c&xdmed Mound/Pit score not to exceed 2).

Pit/Tun = pit/tunnel score for BHQ (0, 2, withrabined 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. Toléowing two-or-three letter abbreviations
are used: OXidized, REDuced, FEeding, subsurfa¢gUiNnel feature.

Infauna = infaunal score for BHQ (0, 1), with s@scor 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 determinatiom¥atig draft EPA Guidance Manual, after
Rhoads & Germano (1986).

OSI = OSl score after Rhoads and Germano (198&)ylated from previous columns as per
draft EPA Guidance Manual.

BHQ = Benthic Habitat Quality score, calculate¢pasdraft EPA Guidance Manual from
preceding columns after Nilsson and Rosenberg (1997
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BHQ Stage = benthic successional stage derived BBIQ analysis after Nilsson and
Rosenberg (2000). This is the sediment profilerimate chose to describe and
communicate soft sediment habitat quality. Notd,th average penetration was < 5.0 cm,
the BHQ Stage calculation was not applied and “Ns*éntered in this field, since BHQ
applies information from structures at depth. Heere BHQ calculations (in the
above/previous column) are still applied for seflisnent images where average penetration
was < 5.0 cm, since the BHQ value is an intermgdrapur communication of results.

Additional Information:

Comment / Taxon / Item = further description of gaaanimals, etc,

Biotope Class = Biotope classification based om[&RI and video imagery, for communication
of results. This is the primary classificationttie plotted on mapping products of the
dataset. For each camera drop the following ratekprioritizations were used to determine
Biotope Classification:

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

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

3 - For soft-sediment areas where prism penetrat@s)>5.0 cm and SPI index
application was appropriate, BHQ Stage 3, 2, 1a6 applied.

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