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SUMMARY

Over eight hours of color video and 186 still photographs were collected along 9 km of seafloor near an outfall
diffuser within Massachusetts Bay. Transects were divided into 50-m subsections along which benthopelagic
megafauna were enumerated and bottom conditions digitized. The survey was conducted for reconnaissance of
monitoring sites to be used in assessing potential anthropogenic effects from future wastewater discharge. Sites
suitable for hard-substrate sampling were selected based upon proximity to the diffuser, continuity of megafaunal
distributions, and four combinations of water depth and substrate relief height. The highest megafaunal
similarities occurred between adjacent subsections which traversed seafloor areas of similar water depth and
substrate height. Shallow high-relief sites were most common with five regions suitable for hard-substrate
monitoring. These five regions covered over 3 km of seafloor at water depths shallower than 30 m and at
distances ranging between 290 m and 1200 m from the diffuser. The three regions recommended for monitoring
of shallow low-relief epifauna covered nearly 1.4 km of seafloor at distances ranging between 300 m and 1,400 m
from the diffuser. Because of the geomorphology of the region, deep (>30 m) hard-substrate sites were less
common, particularly for high-relief features (viz., those extending beyond 1 m above the seafloor). The four
regions characteristic of deep low-relief megafauna span a total distance of over 2 km and range between 64 m
and 868 m from the diffuser. Four regions deemed suitable for sampling of deep high-relief epifauna covered
only 334 m of seafloor and included one of the diffuser caps. Thus, distance from the diffuser-cap corridor
ranged between 0 m and 217 m for deep high-relief sites.



1.0 INTRODUCTION
1.1 BACKGROUND AND OBJECTIVES

This report summarizes the results of a hard-substrate benthic reconnaissance survey (Imamura, 1994) conducted
within Massachusetts Bay using a remotely operated vehicle (ROV). The survey is part of an ongoing effort to
characterize the marine environment around the diffuser-cap corridor at the terminus of the outfall recently
constructed for the Massachusetts Water Resources Authority (Figure 1). Wastewater discharge is expected to
begin in May 1996 and studies conducted to date provide baseline pre-discharge data which will be used to assess
future impacts of the outfall. The reconnaissance survey was intended to provide a “semi-quantitative” census
of seafloor features and associated megafauna. - This census was to be used to select future monitoring sites where
fully-quantitative investigations could be conducted. The fully-quantitative field sampling would be designed
such that statistical hypotheses concerning potential anthropogenic effects could be rigorously tested.

Six transects were traversed during the reconnaissance survey. The location of the six transects were selected
to survey faunal distribution along the tops of drumlins and along depositional lows within 2 km of the diffuser-
cap corridor. Figure 1 shows the location of the study area along with target transects. Data collected along the
transects consists of continuous color video images and opportunistic still photographs of benthic epifauna.
Extensive analysis of these images established a database that documents the distribution of bottom type and
large benthopelagic organisms within 2 km of the diffuser-cap corridor (Coats and Campbell, 1994). Organisms
of identifiable size (>5 cm) or color contrast were enumerated from an examination of over eight hours of color
video images collected along the six transects. Post-survey navigational locations of the ROV are superimposed
on target transects in Figure 2. Lateral excursions from target transects were minimal and generally less than
100 m. To quantify local variability in substrate and epifauna, transects were divided into subsections with a
50-m nominal length. Occasionally, subsections were prematurely shortened due to ROV entanglement in
lobster-trap lines and subsequent surfacing. This results in the discontinuities between subsections shown in
Figure 2. The length of the remaining subsections ranged from 30 to 84 m. In addition to biological enumeration,
the character of the substrate was categorized along each subsection.

In this report, the resulting census and bottom-type data are used to select hard-substrate sites for future
monitoring of potential effects from outfall discharge on the local epifaunal community. Presently, monitoring
of the benthic biological community is conducted only at sedimentary sites surrounding the diffuser-cap corridor
(e.g., Coats et al., 1995). Addition of hard-substrate monitoring sites will supplement existing soft-bottom
monitoring of benthic fauna in several ways. First, existing sedimentary sites are mostly located to west of the
diffuser because of the paucity of soft-substrate regions to the east suitable for grab sampling. Addition of hard-
substrate monitoring locations to the east of the diffuser-cap corridor would provide a more radially-symmetric
sampling design. However, given the comparatively weak residual circulation in the region, it is unlikely that the
existing soft-substrate sampling locations would miss significant impacts due to preferential advection of the
outfall discharge to the west.

Another enhancement offered by a hard-substrate sampling is an expanded depth range. Soft-bottom sampling
sites tend to be located in topographic lows where accumulation of sediment is sufficient for grab sampling.
Consequently, the depth range of nearfield soft-bottom sites does not reflect the actual range in local bathymetry.
Because of the comparative lack of depth variability, the relationship between nearfield infaunal distribution and
depth was found to be weak compared to that of far-field infaunal stations, which traverse a wider range in depths
over broad areas in Massachusetts and Cape Cod Bays (Coats ef al., 1995). As will be shown in this report,
many benthopelagic macrofaunal taxa within 2 km of the diffuser-cap corridor also exhibit a significant depth-
related distribution. The addition of hard-substrate sampling sites atop nearfield moraines would allow
assessment of potential anthropogenic effects on taxa endemic to water depths shallower than the depositional
lows sampled by nearfield infaunal stations. In addition to depth differences, hard-substrate monitoring sites
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could increase anthropogenic detectability because of faunal differences between hard and soft-substrate
communities were fully quantitative studies to be pursued. The hard-substrate epifauna observed in this survey
include organisms, such as anemones, related to those found to be sensitive to increased particulate loads offshore
California (Hyland et al., 1994). In any regard, hard-substrate epifauna could react differently to sewage effluent
exposure and their inclusion is likely to enhance the overall monitoring effort.

A second, ancillary objective of this report is identification of additional sedimentary sites near the diffuser
corridor that could augment the benthic infaunal sampling array used in prior years (Blake et al., 1993; Coats
et al.,1995). For example, a new sedimentary site close to the diffuser, designated Station S4, was successfully
sampled for benthic infauna and sediment chemistry with a grab sampler in 1994 (Campbell, 1994). Station S4
is located 450 m off the southwest end of the diffuser-cap corridor, near the end of Transect T4 (Figure 1).
Because it is a new soft-bottom sampling location, the long-term stability of its sediments and their lateral extent
is of interest for continued monitoring. Some discussion on the character of this and other depositional regions
is included in Section 4.2.

Because the survey was only intended for reconnaissance purposes, the resulting database used herein, does not
provide a fully-quantitative baseline characterization of hard-substrate communities suitable for detecting future
effects of effluent dischiarge. This is due to a number of limitations in the database. First, there was no a priori
attempt at replication. Also, video imagery was of limited resolution and the resulting enumeration undoubtedly
underestimates the abundance of smaller benthopelagic species (Uzmann et al., 1977). Finally, the image area
was not precisely determined as part of the reconnaissance survey. The distance of the ROV from the bottom
ranged between 1 and 3 m, and image size was generally consistent within the survey. While this was adequate
for site reconnaissance, fully quantitative baseline characterization of hard-substrate biological communities
requires more rigorous sampling protocols. For example, replicated still photographs of known latteral dimension
and quality sufficient to fully identify megafaunal organisms would permit quantitative enumeration using
techniques described by Foster er al. (1991). Knowledge of the photoquadrat size is crucial for precise
quantification of areal abundance estimates. Thus, while the abundance database may not be acceptable for
comparison with other studies, or as baseline data for detecting anthropogenic effects, it is suitable for contrasting
the epifaunal community along the different sections of transects covered by the reconnaissance survey.

1.2 CRITERIA FOR SELECTING MONITORING LOCATIONS

Three criteria will be used for selecting candidate hard-substrate monitoring sites. First, the character of the hard
substrate, specifically the lateral extent, density and size of rocks and boulders, will be compared among
candidate sites. Quantitative sampling, for example using photoquadrat techniques, requires the presence of
many suitable sampling locations for replication, namely, numerous rock surfaces in close proximity that have
dimensions comparable to or exceeding the camera’s field of view. A second criterion pertains to the biological
community structure at the candidate sampling site. As will be shown in this report, the distribution of certain
taxa is dictated by water depth and substrate size (e.g., high-relief versus low relief). Lastly, the third criterion
is proximity to the diffuser. Testing statistical hypotheses for anthropogenic effects will depend on a comparison
of similar sites both close to the effluent discharge (treatment sites) and remote from effluent effects (control
sites).

Most of the analyses reported here address the second criterion relating to the distribution of megafaunal
organisms. Future studies conducted to detect change in the hard-substrate epifauna will require an analysis of
variance on photoquadrat data with several treatment conditions (e.g., deep versus shallow, nearfield versus
farfield, high-relief versus low-relief). An adequate statistical sample for detection of anthropogenic change in
deep benthic communities requires a large number of replicate photoquadrats, nominally 60 (Hyland et al., 1994)
to 80 (Hardin er al., 1993), from sampling sites of similar character. In shallower areas, the higher faunal density
may allow far fewer replicates, such as the 12 replicates used for rocky subtidal communities in Massachusetts



Bay (Witman and Sebens, 1993). Collection of an adequate number of replicates at depth requires a region with
uniform physical and biological characteristics over a spatial extent that is large compared to the photoquadrat
size (nominally <1 m). To this end, similarity analysis of community structure, described in Sections 3.0, serves
to identify regions where the benthic biology is relatively uniform. Specifically, groups of adjacent subsections
with highly similar community structure are specified for sites with four different physical characteristics:
1) shallow high-relief, ii) shallow low-relief, iii) deep low-relief and iv) deep high-relief. Section 2.0 describes
the methodology used to analyze the benthopelagic community structure. Finally, Section 4.0 recommends
candidate sites on both hard and soft substrate, suitable for future monitoring efforts.



2.0 METHODS
2.1 FIELD SURVEY

The hard-substrate reconnaissance survey (S9404) was conducted on September 16 and 17, 1994 (Imamura,
1994). The M/V Marlin served as support-ship to a Phantom DS4 Remotely Operated Vehicle (ROV).
Photosamples were collected using a high-resolution color video camera and a 35-mm still camera mounted on
the ROV. Photosamples were gathered near the diffuser-cap corridor along six transects shown in Figure 1.
Digital data pertaining to the ROV depth, heading and position as well as transect number and time were overlaid
on video images. These data were digitized (Coats and Campbell, 1994) and form the ba51s of the analyses
described in this report.

2.2 SAMPLE ANALYSIS

A variety of techniques have been developed to quantify macrofaunal species (generally fishes) using video
images collected by ROV (cf., Michalopoulos et al., 1992). They are based on either counts per unit time or
distance. This analysis uses strip transect techniques (e.g., Auster ef al., 1991) based on distance covered.
Species-time techniques are problematic because the ROV speed varied substantially over the reconnaissance
survey. Also, precise (=1 m) navigation was available for distance computations and strip transect techniques
produce spatially-based density estimates similar to those of infaunal monitoring studies.

Digitization and faunal enumeration of over 8 hours of color video and 186 still photographs were described in
the data report for this survey (Coats and Campbell, 1994). Additionally, the character of the substrate was
classified along each transect subsection as was the water depth and location. Substrate categories are listed in
Table 1. Fauna was visually identified and enumerated from the video images along each transect subsection.
Because of their inherently higher resolution, still photographs acted as visual voucher specimens and confirmed
taxonomic identifications determined from video images. Two encrusting organisms, Porifera sp. A and a form
of Lithothamnium spp., could not be counted individually and a percent cover was determined instead. The
length of transect subsections varied for a number of reasons, including surfacing of the ROV due to
entanglement or avoidance of lobster-trap lines. To compare the abundance of organisms in subsections of
differing lengths, the number of organisms observed on the video was normalized by the length of the subsection.

The resulting lineal densities (number of individuals m™) for the thirty-seven identified taxa were used in
epifaunal analyses described below.



Table 1. Categories used to characterize the hard-substrate features encountered
along transect subsections.

Size Range: Diameter of the largest hard-substrate features

Category Size Range
Absent Little or no hard-substrate larger than 1-in diameter
Cobbles 1 in < diameter < 6 in
Rocks 6 in < diameter <3 ft
Boulders 3 ft < diameter <9 ft
Large Boulders < 9ft
Diffuser Diffuser Cap (< 9 ft)
Distribution: Skewness of the frequency distribution of hard-substrate features
Category Size Distribution
Uniform All features are nearly the same size
Skewed Majority of features are of the largest size
Broad Sizes are uniformly distributed
Coverage: Amount of hard-substrate encountered along a transect subsection
Category Coverage
Rare 0-25% hard-substrate cover
Scattered 26-50% hard-substrate cover
Dense 51-75% hard-substrate cover
Continuous 76-100% hard-substrate cover

Veneer: Type of material, if any, covering hard substrate features

Category Veneer
Bare Majority of rock was exposed
Detritus Thin veneer of detritus covered most rock surfaces
Hydroid Hydrozoan turf covering rock
Sediment Thick sediment
Grain Size: Type of granular material surrounding hard substrate features
Category Grain Size
Mud Silt and Clay
Coarse Sand and gravel

2.3 MEGAFAUNAL ANALYSES

Data resulting from fully-quantitative photoquadrat analyses are biological abundance measures similar to those
determined for infaunal organisms as part of the outfall monitoring program (e.g., Coats et al., 1995).
Specifically, areal density of epifaunal organisms is computed by normalizing the number of organisms within
a specific taxa by the area of hard-substrate observed within each photoquadrat. In a fully quantitative analysis,
the quadrat size can be precisely determined from computations of coverage area of the still photograph.
Ideally, image area can be determined from the focal length of the camera lens, its angular field-of-view, the
camera’s distance from the organism, and the angle of inclination of the viewing axis (Wakefield and Genin,
1987). However, organism density estimates are sensitive to the variability in image area and, over a rough



bottom, the requisite positioning and stability of the camera platform is often not practical. In some studies
(e.g., Hecker, 1990), introduction of objects of known dimension (e.g., metric scales or grids) into images has
provided coverage information suitable for projecting life-size images during identification and enumeration
of megafauna. The use of comparatively unstable ROVs as camera platforms has prompted a more direct
method for determining scale information. It is now common to use parallel lasers that produce small light spots
of known separation on a video image or still image (Tusting and Davis, 1992; Davis and Pilskaln, 1992).
Video images collected using an ROV are subject to its changes in altitude, pitch, and roll which results in a
variable field of view along transects.

The data provided by the hard-substrate reconnaissance survey differs from quantitative still photoquadrat data
in some other significant ways. First, since still photographs were not intended for quantitative analysis, they
- were collected in an opportunistic rather than random manner. For true replication, photoquadrats should be
collected randomly. Instead, since the reconnaissance photographs were primarily for identification of
organisms rather than enumeration, particularly clear images of representative biological specimens were sought.
Furthermore, the image coverage area and the substrate type and orientation were of a lesser concern than image
quality.

The color video images used in this study to quantify biological distributions, differ from fully quantitative
photoquadrat surveys in another way. The strip transect analysis technique results in lineal rather than areal
density estimates of organism abundance. Consequently, abundance determined in this study cannot be directly
compared with that of infaunal investigations (e.g., Coats ef al., 1995 and Blake et al., 1993). Although lineal
density derived from video is only semi-quantitative compared to rigorously-conducted photoquadrat sampling,
it has the advantage of rapidly characterizing large regions. This was the intent of this reconnaissance survey.
Other limitations of the census database were due to variation in ROV speed over the seafloor, transit over a
widely varying substrate within a single subsection, changes in video-camera angle relative to the seafloor and
limited water clarity. Also, because of differences in the size and coloration of epifauna, the enumeration of
certain taxa was more accurate and less sensitive to variations in the ROV sampling-platform than other taxa.
Table 2 lists the thirty-seven identified taxa along with a qualitative assessment of the accuracy of the lineal
density estimates. The epifaunal analyses described in this report, focus on those taxa whose enumeration was
of moderate to high quality.

Table 2. Taxa identified in color video images listed by the relative accuracy of enumerations. Also
shown is the taxon’s rank by total abundance over all transects.

ﬁ‘axon Common Name Accuracy Rank
"Boltenia ovifera stalked tunicate High 13
“Agamm cribrosum sea colander High 8
fiCancer spp. crab High 15
\Homarus americanus American lobster High 14
Pleuronectes americanus winter flounder High 21
Placopecten magellanicus deep sea scallop High 21
Cerianthus borealis northern cerianthid High 23
Asterias spp. sea star High 10
Henricia sanguinolenta blood sea star High 9
Haliclona oculata finger sponge High 25
\Metridium senile frilled anemone High 5
Ciona intestinalis sea vase Moderate 20
Crossaster papposus spiny sunstar Moderate 16
Strongylocentrotus droebachiensis | green sea urchin Moderate 7




[Taxon Common Name Accuracy Rank
Halichondria panicea crumb-of-bread sponge Moderate 19
Raja laevis barn-door skate Moderate 31
Gadus morhua Atlantic cod Moderate 17
Tautogolabrus adspersus cunner Moderate 6
Urophycis spp. hake Moderate 28
Myoxocephalus spp. sculpin Moderate 22
Raja erinacea little skate Moderate 31
Halocynthia pyriformis sea peach Moderate 27
Melanogrammus aeglefinus haddock Moderate 31
\Macrozoarces americanus ocean pout Moderate 30
Porifera sp. B. leaf sponge Moderate 26
Henricia sanguinolenta (juv) juvenile blood sea star Moderate 12
IModiolus modiolus northern horse mussel Low 3
Balanus spp. barnacle Low 4
Clupea harengus Atlantic herring Low 11
\Rhodymenia palmata dulse Low 1
[Rhodymenia sp A. pinnate red algae Low 2
[ Hemitripterus americanus sea raven Low 31
Pagurus spp. hermit crab Low 29
Porifera sp. A. orange encrusting sponge Low a
Lithothamnium spp. purple encrusting algae Low i
Porifera spp. sponge Low 18
Psolus fabricii scarlet psolus Low 30

a . . . . .
Encrusting taxa were quantified by percent cover and were not ranked with density estimates.

Three analyses were performed on the megafaunal data. The most basic was bathymetric profile plots combined
with substrate size and taxon abundance along transects. Bivariate correlation was another common analysis
technique used herein. Cluster analysis was the most important method used since it identified similar
macrofaunal community structures among the large (193) number of transect subsections. The similarity
between pairs of subsections was determined from numerical classification based on the unweighted pair-group
method (Sneath and Sokal, 1973). Results were expressed in the form of dendrograms where sample pairs were
ordered into groups of increasingly greater similarity as measured by resemblance between the abundance for
individual species (Boesch, 1977).

The Bray-Curtis similarity coefficient (B) (Clifford and Stephenson, 1975; Swartz, 1978) was used to classify
abundance data into groups of similar transect subsections. The similarity coefficient ranges between 0 and 1.
For pairs of transect subsections that have identical numbers of individuals for each taxon, the coefficient is
1.00. The similarity coefficient is 0.00 when all taxa present in one sample are completely absent in the other
sample and vice-versa. The Bray-Curtis coefficient was computed as follows

s
2 Y min (N,,N,)
B. - i-1
j. s
Y (NN

1=l

10



where: B, = similarity coefficient between sample j and sample £
S = total number of species

N; =number of individuals for species i in sample j.

When computing B, the abundance (N) was logarithmically transformed.
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3.0 RESULTS
3.1 MEGAFAUNAL COMMUNITY

The biological analyses described here were performed on epifaunal and pelagic taxa with large physical
dimensions. For the purposes of this report, these taxa are designated megafauna. As described above,
resolution limitation of the color video images prevents full identification and quantification of all epifaunal
organisms. In practice, most organisms with diameters exceeding about 5 cm were successfully enumerated.
Some smaller taxa, with coloration or shape easily distinguished from the surrounding substrate, were also
identified. One example is the white juvenile sea star, whose high-contrast allowed rapid enumeration of most
individuals even as small as 1 cm.

3.1.1 Comparison with Other Regional Studies

Many macrofaunal organisms observed in this study were also found in other video surveys in the region. In
an arca immediately to the south of Cape Cod near 40° 50'N, 70° 55'W, eight of the ten taxa observed by
Auster et al. (1991) are listed in Table 2. Missing taxa included the shrimp Crangon septemspinosa and
Dichelopandalus leptocerus which were deemed too small to enumerate without bias in the reconnaissance
survey. Another video survey was performed by Battelle Ocean Sciences Center (1987) along transects covering
a 95-km? area immediately west of the reconnaissance survey area. Twenty-three of the 37 taxa identified in
video images from the 1994 reconnaissance survey were also identified from ROV video tapes in the 1987
survey.

The absence of eight of the 12 taxa in the earlier survey can be explained in terms of their low abundance in the
1994 survey. Seven of the missing taxa, Cerianthus borealis (northern cerianthid anemone), Ciona intestinalis
(sea vase), Crossaster papposus (spiny sunstar), Psolus fabricii (scarlet psolus), Raja laevis (barn-door skate),
Gadus morhua (Atlantic cod), and Melanogrammus aeglefinus (haddock) were only observed rarely in the
recent survey and ranked in the lower 20 in abundance (Table 2). Also, although the ranking (11) of Clupea
harengus (Atlantic herring) was relatively high, it resulted from a single encounter with large school.
Differences in the remaining four taxa are more difficult to explain. Three of the remaining four taxa are
macroalgae and include Rhodymenia palmata (dulse), Rhodymenia sp.A (pinnate red algae), and Agarum
cribrosum (sea colander). Their absence may be due to differences in taxonomic identification since high
abundances of Fucus spp. and Laminaria spp. were observed at some stations in the earlier survey. These taxa
are typically associated with littoral and subtidal habitats much shallower than those of the surveys (Taylor,
1967). Also, one species of Laminaria, L. agardhii (southern kelp) is very similar in appearance to 4.
cribrosum (sea colander). The remaining missing species was Strongylocentrotus droebachiensis (green sea
urchin). Although it was not described in the video transects of the earlier survey, it was collected by diver and
by the ROV manipulator arm at some stations.

3.1.2 Relationship Among Taxa

A total of 26 of the 37 taxa was included in the numerical classification. Excluded were eight taxa,
Macrozoarces americanus (ocean pout), Pagurus spp. (hermit crab), P. fabricii (scarlet psolus), Hemitripterus
americanus (sea raven), C. harengus (Atlantic herring), Raja erinacea (little skate), M. aeglefinus (haddock),
and R. laevis (bam-door skate), whose abundance was probably under sampled since they were only observed
in less than four of the 193 transect subsections. Also excluded were the two encrusting organisms, Porifera
sp. A (orange encrusting sponge) and Lithothamnium spp. (purple encrusting algae), which were quantified by
percent cover rather than lineal density. Finally, unidentified sponges were also excluded to avoid confusion
with identifiable species of sponge.
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Two major groups, designated Group A and Group B, were identified by (R mode) numerical classification
among taxa (Figure 3). Using a Bray-Curtis similarity index of 0.2 as a decision rule, the dendrogram separates
all but four taxa into these two groups. Group A is the largest group and contains 17 of the 26 taxa present.
Group B is three times smaller and contains only five taxa. The four taxa unaffiliated with the two cluster
groups were Urophycis spp. (hake), Haliclona oculata (finger sponge), Porifera sp. B. (leaf sponge), and
Halocynthia pyriformis (sea peach). All had comparatively low abundances as indicated by rankings exceeding
24 (Table 2). The two sponge taxa showed some affinity for one another at a similarity of 0.17. For reasons
to be discussed in Section 4.2, Urophycis spp. (hake) was found exclusively along five transect subsections that
were within large areas of thick sediment. This effectively isolated them from most of the other taxa which were
distributed in areas containing hard substrate.

* The high affinity among some taxa in Group A, described by relatively high (>0.75) similarity indices, can also -
be explained by anecdotal observations. Not surprisingly, the highest Bray-Curtis similarity index was
computed between the two red algae, R. palmata (dulse) and Rhodymenia sp. A. (pinnate red algae). These taxa
were consistently observed together on hard-substrate, and with great abundance at the shallow depth (<30 m).
The algae A. cribrosum (sea colander) is also closely associated (B=0.56) with these taxa. A less intuitive
affinity occurred between the sessile anthozoan Metridium senile (frilled anemone) and free-swimming fish
Tautogolabrus adspersus (cunner) at a similarity of 0.77. Both species exhibited substantially higher
abundances near large boulders. This unique spatial distribution accounts for a high similarity index between
these apparently unrelated organisms.

Another high similarity worthy of note, occurred between taxa within the Asterias (sea star) genus and Henricia
sanguinolenta juv (Juvenile blood sea star). Normally, one would expect the highest similarity between the
adult and juvenile forms of H. sanguinolenta. However, the juvenile form of sea star observed in the video
images was small, close to the resolution capabilities for enumeration. Although marginal, it was postulated
that these small sea stars were H. sanguinolenta. Assuming that juvenile and adult sea stars of these two
species have similar habitat preferences, numerical classification suggests that most of these organisms were
in fact, members of the genus Asterias rather than Henricia.

3.2 MEGAFAUNAL AND TEXTURAL DISTRIBUTIONS

This section examines various physical factors that determine the distribution of megafauna in the hard-
substrate region with 2 km of the diffuser cap corridor. A similar study of deep hard-substrate communities
offshore California (Hardin ef al., 1994) has shown that water depth and habitat relief (vertical dimension of
the hard-substrate) are primary influences on epifaunal distribution. Other studies (Hecker, 1990; Rowe and
Menzies, 1969; Haedrich ef al., 1975) have established a clear relationship between species composition and
depth along the U.S. Atlantic Coast. The intent here is to establish ranges in the physical factors across which
the megafaunal community structure is comparatively uniform. Transect subsections representative of these
physical factors will then be selected to serve as candidate sites for a future fully-quantitative hard-bottom
studies. With a fully-quantitative investigation, possible impacts from effluent discharge can be tested with a
multiple analysis of variance model that accounts for confounding influences from natural variability in the
physical environment.

3.2.1 Water Depth

The discussion now returns to the two major groups of taxa defined by the numerical classification of Figure 3.
Initial speculation based on anecdotal observations suggests that groups were separated by substrate type.
Three of the five taxa within the smaller of these two groups (Group B), namely C. borealis (northern cerianthid
anemone), Pleuronectes americanus (winter flounder), and Placopecten magellanicus (deep sea scallop), were
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Figure 3. Dendrogram resulting from clustering (group average sorting) of Bray-Curtis similarity
among the 26 taxa that were present in more than three transect subsections.
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largely observed on sedimentary deposits rather than hard substrate. The 17 taxa in Group A were almost
always associated with hard-substrate, although the highly motile organisms, 7. adspersus (cunner), G. morhua
(Atlantic cod), and Homarus americanus (American lobster), often ranged over sediment areas adjacent to hard-
substrate features. From the foregoing discussion, substrate type appears to be an important influence on the
distribution of taxa.

Anecdotal observations of a taxon’s affinity for substrate type aside, a more quantitative analysis reveals that
water depth and other related physical factors also serve to distinguish the two major cluster groups of Figure 3.
Table 3 shows that the abundance of all five taxa in Group B was positively correlated with depth. Furthermore,
their increased abundance at greater depth was statistically-significant at the 95% confidence level. In contrast,
all but one of the 17 taxa in Group A were negatively correlated with water depth and eleven of these were
-~ statistically significant. Asterias spp. (sea star) was the sole positively-correlated taxon in Group A and its
correlation was only marginally significant at the 95% confidence level.

Given that water depth was an important factor for megafaunal distribution, a single depth near 30 m was
selected to partition “shallow” and “deep” regimes. Ideally, the transition depth would cleanly partition the
abundance of all taxa by cluster group in Figure 3. In reality, each taxon differed in its distribution with depth
and these differences cannot be determined from correlation coefficients alone. The Pearson correlations shown
in Table 3 are predicated on a log-linear relationship between abundance and depth. While the abundance of
some taxa varied monotonically with depth, others exhibited abrupt changes in abundance with depth. For
example, the abundance of algae, shown in the bottom frame of Figure 4, declined abruptly below 28 m, and
below 30 m, it was virtually absent. This is not surprising because macroalgae physiology requires sunlight for
photosynthesis. Based on this information, the depth of the euphotic zone lies close to 30 m near the diffuser
cap corridor.

In contrast to the depth distribution of macroalgae, tunicate abundance exhibited a nonlinear distribution as
shown in the center frame of Figure 4. Although all had negative (linear) correlation coefficients, the abundance
of Boltenia ovifera (stalked tunicate) reached a maximum near 28 m whereas the abundance of C. intestinalis
(sea vase) was constant at depths less than 32 m. Other organisms in Group A of Figure 3, exhibited
abundances that monotonically declined over the entire depth range as shown in the upper frame of Figure 4.
A similar monotonic increase in abundance was evident in most of the positively-correlated taxa (Figure 5).
Except for Urophycis spp. (hake), these taxa constitute Group B in Figure 3. Observations of Urophycis spp.
were limited to depths below 32 m where large subsections containing deep sediments were found.

3.2.2 Relief Height

The vertical relief of hard-substrate features is another potential influence for epifaunal distribution.
Unfortunately, the geomorphology of the study area made it difficult to separate the influence of water depth
from relief height. This was because high-relief features (boulders) tended to be restricted to shallower depths.
The Pearson correlation coefficient computed between water depth and substrate size was -0.49 over all transect
subsections. The large negative correlation indicates a strong linear relationship between increasing water depth
and decreasing substrate size. This relationship is not an artifact of the selected study area, but is instead,
related to regional geology. The regional seafloor physiography consists of a series of elliptical drumlins with
major axes oriented along 290°N (Figure 1). Two drumlins immediately adjacent to the diffuser-cap corridor
were surveyed in this study. With a vertical relief of 10 m, they extend for 2 km along their major axis. An
analysis of sonographs from the region by Knebel (1993) reveals erosional environments on the top of drumlins
with deposition or reworking of fine-grained sediment at depth. Large boulders, some with diameters exceeding
3 m, were deposited along with other glacial till as part of the moraines. These boulder trains or erratics can
be traced as strong acoustic reflectors in sub-bottom profiles as they extend under the sediments that fill
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Table 3. Pearson correlation coefficients between logarithmically-transformed taxon abundance
and water depth. Shaded coefficients are not statistically significant at the 95% confidence level.

Taxon Common Name Co?l?;ztnltlion
Cerianthus borealis northern cerianthid 0.32
Myoxocephalus spp. sculpin 0.28
Cancer spp. crab 0.28
Placopecten magellanicus deep sea scallop 0.28
Pleuronectes americanus winter flounder 0.24
Urophycis spp. hake 0.22
Pagurus spp. hermit crab 0.18
Asterias spp. sea star 0.16

Halocynthia pyriformis sea peach -0.14
Ciona intestinalis sea vase -0.17
Metridium senile frilled anemone -0.19
Boltenia ovifera stalked tunicate -0.21
Agarum cribrosum sea colander -0.36
Balanus spp. barnacle -0.37
Rhodymenia sp A. pinnate red algae -0.38
Modiolus modiolus northern horse mussel -0.51
Rhodymenia palmata dulse -0.53
Tautogolabrus adspersus cunner -0.56
Strongylocentrotus droebachiensis | green sea urchin -0.70
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adjacent depressions. Thus, large hard-substrate features are not absent at depth, but are buried and have no-
surficial expression on the seafloor.

For the purposes of this report, an important issue is whether relief height influences megafaunal distribution
and, if so, what is a suitable size category to separate low-relief from high-relief. Because of the high correlation
between depth and relief, little new information was gained from correlations computed between taxonomic
abundance and substrate size. The bivariate correlations between relief height and abundance, shown in Table 4,
mirror the depth/abundance correlations shown in Table 3. The principal exception was the sea star of genus
Asterias. This could explain its anomalous inclusion in Group A of primarily shallow taxa in Figure 3. During
enumeration of color video images, it was clear that the largest boulders were unique biological habitats. Often
they were covered with a high density of M. senile (frilled anemone). The following discussion seeks to

- determine whether this species or other taxa were included in the cluster groups of Figure 3, because of relief =

height rather than depth.

Stacked plots of depth, substrate size, and abundance for selected taxa are presented in Figures 6 through 11
for Transects 1 through 6, respectively. The depth profiles in the bottom frames of the figures show that five
of the transects traversed both deep and shallow regions. The exception is Transect T1 (Figure 6) which
traversed the comparatively shallow area atop the drumlin immediately north of the diffuser-cap corridor
(Figure 1). Comparison substrate size, shown in the frame immediately above depth in Figures 6 through 11
and in depth profiles (bottom frame), corroborates their negative correlation. When water depth was shallow
(<30 m), such as in Figure 6, the substrate tended to consist of rock, boulders, or even large boulders (unlabeled
tick mark above “boulders™) with little cobble or deep sediments (tick mark labeled “none™). Transect TS
(Figure 10) provides another good example of this covariance where the shallow portion of the transect
(Subsections S1 through S15) was the only region where substrate size exceeded that of cobbles.

Note that some transect subsections were much shorter than others, chiefly, for example, along Transect T1
(Figure 6, Subsections S6, S11, and S14) and Transect T6 (Figure 11, Subsections S10, S14, and $S19). These
short subsections contained isolated large boulders with a dimension exceeding 3 m (see size categories in
Table 1). These very high relief substrates provided a habitat that was different from surrounding substrates,
even boulders and large rocks. Shortening the 50-m nominal subsection length to include only these large
boulders enabled computation of more accurate abundance estimates.

The extent to which the habitat differed on these and other hard-substrate features can be derived from the
abundance of six selected taxa plotted in the upper frames of Figures 6 through 11. The Asterias spp. (sea star)
taxon was selected because of its anomalous positive correlation with both depth and substrate relief. The taxa
P. magellanicus (deep sea scallop) and C. borealis (northern cerianthid anemone) were representative of deep
low-relief features as reflected in statistically-significant correlations shown in Tables 3 and 4. In contrast, the
three remaining taxa typified shallow high-relief substrates. Of these three taxa, the distribution of M. senile
(frilled anemone) abundance was particularly useful for distinguishing the influence of water depth from
substrate relief. The only subsections where the lineal density of these organisms exceeded 10 m™, were those
with large boulders. This supports anecdotal observations made during enumeration from color video
concerning the tendency for this species to populate very high-relief substrates. However, some large boulders
did not support an elevated abundance of this species. Along Transect T4 (Figure 9), the ROV encountered a
large boulder at Subsection S13 that lacked a significant cover of M. senile (frilled anemone). This large
boulder was the only one that also had a high (>1 m™) abundance of 4. cribrosum (sea colander) suggesting
some competitive relationship between macroalgae and Metridium spp. Nevertheless, the uniqueness of the
large boulder as a high-relief habitat is undeniable and these features are emphasized in recommended future
sampling sites of Section 4.1.
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Table 4. Pearson correlation coefficients between logarithmically-transformed taxon abundance
and substrate size. Shaded coefficients are not statistically significant at the 95% confidence level.

Taxon Common Name Corfci;: tion
Tautbgolabrus adspersus cunner 0.55
Metridium senile frilled anemone 0.51
Rhodymenia palmata dulse 0.44
Gadus morhua Atlantic cod 0.42
Strongylocentrotus droebachiensis | green sea urchin 0.36
Boltenia ovifera stalked tunicate 0.34
Agarum cribrosum sea colander 0.31
Ciona intestinalis sea vase 0.30
Rhodymenia sp A. pinnate red algae 0.27
Henricia sanguinolenta blood sea star 0.21
Asterias spp. sea star 0.15
Halocynthia pyriformis sea peach 0.14

Urophycis spp. hake -0.16
Cerianthus borealis northern cerianthid -0.20
Mpyoxocephalus spp. sculpin -0.21
Cancer spp. crab -0.23
Pleuronectes americanus winter flounder -0.24
Placopecten magellanicus deep sea scallop -0.26
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The two taxa associated with decp water differed in their respective distributions. This lends further insight into
relief height as a controlling factor. Anecdotal observations indicated that C. borealis (northern cerianthid
anemone) was located within broad patches of sediment. These patches were often contained within cobbled
subsections at depth. In contrast, P magellanicus (deep sea scallop) was scattered among hard-substrate
features and not always associated with deep sedimentary deposits. These observations are supported by
Figures 6 through 11. C. borealis (norther cerianthid anemone) was almost absent at depths shallower than
30 m, and because of this, it achieved the highest positive depth correlation of any taxon (Table 3 and Figure 5).
Elevated abundances of P. magellanicus (decp sea scallop) were, on the other hand, occasionally associated with
shallower substrates of low relief (cobbles and rocks, ¢f. Figure 6). As a consequence, it exhibited the largest
negative correlation with substrate size of any taxon (Table 4). Obviously, hard-substrate sites monitored in
the future would exclude C. borealis (northern cerianthid anemone) in favor of P magellanicus (deep sea
~ scallop). However, both taxa were rare and any future monitoring program would probably undersample these
species. Thus, exclusion of deep-sediment habitats and by association, C. borealis (northern cerianthid
anemone), would not be detrimental to monitoring goals.

The distribution of S. droebachiensis (green sea urchin) closely tracks the depth profiles in Figures 6 through
11. This close correspondence explains why it had the largest negative correlation with depth, by far (Table 4).
Its relationship to relief height was only weakly positive (Table 4). The depth dependence of the herbivore S.
droebachiensis may be a consequence of the distribution of its food supply as reflected by the negative depth
correlations in some algal taxa. The distribution of sea stars of the genus Asterias differed from that of other
taxa because they were positively correlated with both water depth and substrate size. Because of the regional
geomorphology described above, there were very few instances of deep high-relief features which makes the
anomalous correlations even more curious. However, the anomalous correlations are the result of high Aszerias
spp. abundance (>3 m) near the diffuser cap surveyed on Subsection S8 of Transect 3 (Figure 8). The diffuser
cap was one of the few very high relief features at depth. The large community of Asterias spp. on the cap may
represent a transitional taxon on a substrate only recently introduced into the environment. The only other very
high relief substrate at great depth was near the diffuser cap at Subsection S10. The population of Asterias spp.
on that large boulder was much smaller (Figure 8).

The forgoing discussion described the importance of relief height, independent of water depth, in determining
the distribution of some taxa. Thus, as in past studies, relief height should be included with water depth as a
physical factor in tests for anthropogenic change. The distribution of M. senile (frilled anemone) in Figures 6
through 11 emphasizes the differences in boulder versus rock habitats. Thus, from Table 1, a reasonable
transition diameter for distinguishing between high relief and low relief is 1 m. On the U.S. Pacific coast,
Hardin et al. (1994) also defined high-relief as those hard-substrate features extending 1 m above the bottom.

3.2.3 Geographic Distribution

Given that water depth and substrate size are physical factors of interest, the task is now to specify transect
subsections most representative of the four categories, deep high-relief, deep low-relief, shallow high-relief, and
shallow low-relief. Again, the megafaunal community structure is used to define contiguous subsections where
the substrate is typified by one of the four physical-factor categories and across-which megafaunal distributions
are consistent. To aid in the selection of future hard-substrate monitoring sites, a dendrogram resulting from
a numerical classification among transect subsections (Q mode) is presented in Figure 12. As expected, the
highest Bray-Curtis similarities were often between adjacent subsections. Ten cluster groups were formed by
contiguous subsections having high similarity.

For example, two cluster groups (T6-A and T6-B) formed along Transect T6 with respective Bray-Curtis

similarities exceeding 0.78 and 0.70. Cluster Group T6-A includes Subsections S1 through S14 which were
characterized by boulders and large rocks. These Subsections extended 625 m along the southeast portion of
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Figure 12. Dendrogram resulting from clustering (group average sorting) of
Bray-Curt
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Figure 12 (continued). Dendrogram resulting from clustering (group average sorting) of
Bray-Curtis similarity among transect subsections.
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Figure 12 (continued). Dendrogram resulting from clustering (group average sorting) of
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Figure 12 (continued). Dendrogram resulting from clustering (group average sorting) of
Bray-Curtis similarity among transect subsections.




the Transect T6 which lies atop the drumlin immediately to the south of the diffuser cap corridor (Figure 1).
In contrast, Cluster Group T6-B contained shallow low-relief features such as cobbles and small rocks
(Figure 12). It included most Subsections between S25 and S45, and extended nearly 1 km along the northwest
portion of T6. Analogous areas of contiguous subsections along other Transects clustered with high similarity
as shown in Figure 12. At lower Bray-Curtis similarity, specifically a decision rule near B=0.6, these contiguous
subsections formed cluster groups representative of the four combinations of physical factors. These are also
indicated in Figure 12 as Major Cluster Groups G1 through G4.

Major Cluster Group G4 consisted of comparatively few transect subsections. This was a consequence of the
paucity of deep high-relief features due to the regional geomorphology described previously. Indeed, one of the
few deep high-relief features was artificially introduced into the deep environment. Diffuser cap number 23 was
surveyed in Subsection S8 along Transect T3. Despite its relatively recent introduction, its megafaunal
community clustered with that of other deep large boulders (Figure 12).

One cluster group (T3-A) of contiguous subsections along Transect T3, did not correspond to any of the major
cluster groups. This cluster group covered Subsections S1 through S6 of Transect T3, which extended over
deep sediments immediately north of the diffuser-cap corridor (Figure 1). Similarly, the megafaunal community
within other subsections comprised mostly of deep sediments, did not compare with any of the four major cluster
groups. These subsections exhibited the lowest similarity indices and are shown adjacent to Cluster
Group T3-A at the end of the dendrogram. None are viable locations for hard-substrate sampling, but were
included to investigate the character of existing (viz. Station $4) and potential infaunal sampling locations.
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4.0 RECOMMENDATIONS
4.1 HARD-SUBSTRATE SITES

Sites recommended for future quantitative analyses of hard-substrate epifaunal communities are listed in
Table 5. They are sorted by the four combinations of physical factors and list contiguous subsections indicative
of similar megafaunal community structure as determined from Figure 12. Where applicable, cluster groups
from Figure 12 are also indicated. The locations of the recommended sampling regions relative to the diffuser-
cap corridor are shown in Figures 13 through 16 for each of the four combinations of physical factors. All
contain sites that are both distant (>500 m) and close to the diffuser-cap corridor.

~The recommended sampling sites do not include all possible sampling sites but were limited by the selection
criteria described at the outset of this report. Other sites, potentially suitable for hard-substrate sampling, can
be derived from the megafaunal database presented in the data report (Coats and Campbell, 1994). For
example, the number and extent of deep high-relief sites (Figure 16) are limited compared to the sites
representative of other combinations of physical factors. This group of recommended sites could be augmented
by the isolated boulder located within the Subsection S2 of Transect T3 (cf, Figure 8). During enumeration
from video images, this boulder was not deemed of sufficient size to separate into a new subsection.
Consequently, numerical classification indicated that the megafauna of this subsection was closely affiliated
with other deep sedimentary sites within Cluster Group T3-A and not with the Major Cluster Group G4
indicative of high relief features (Figure 12). Other special cases also exist and additional analysis of the data
may be warranted if the recommended sites are deemed insufficient or unsuitable.

4.2 NEAR-FIELD SEDIMENTARY SITES

Several regions of continuous sedimentary deposits of substantial extent were observed in the reconnaissance
survey. These regions could potentially serve as soft-bottom sampling sites. One such region was successfully
grab sampled at a site designated Station S4 in the soft-bottom benthic monitoring program of 1994 (Campbell,
1994). The broad extent of the sedimentary depesits without any indication of buried hard-substrate suggests
that the deposits are deep and stable over time. Some are located in the extreme near-field, directly adjacent to
the diffuser.

Three regions are particularly devoid of hard-substrate. The locations of these regions are listed in Table 6 and
are shown in Figure 17. One set of contiguous subsections lies just north of the diffuser within a topographic
low along Transect T3. Although these subsections include a single isolated boulder (Subsection S2 in
Figure 8), they otherwise lack hard substrates. The estimated length of this sedimentary basin is listed as 175 m
in Table 6, but it is likely that it covers a somewhat wider area. The region immediately north of Transect T3
was not surveyed but lies at a similar depth as the surveyed portion of the sedimentary basin. Similarly,
Subsections S5 and S6 lie closer to the diffuser and were characterized by a sparse distribution of hard substrate.
Thus, grab sampling may be possible at distances closer than 108 m (Table 6) to the diffuser caps as long as
the rip-rap surrounding diffuser caps is avoided.
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Table 5. Recommended hard-substrate sampling locations.
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Table 6. Location of deep sedimentary deposits.

Mean Closest
Subsections First End Point Second End Point Length Depth App'roach
(m) to Diffuser
(m)
(m)
43523 21.696" N | 42°23' 16.225" N
BEISY N g0 4725775 W | 70° 47 24300" W 175 35 108
42°22°50394" N | 42°22 50.072" N
T4(540) 70°48'2.124" W | 70° 48 5.007" W 67 37 447
4252234242 N | 42°22 27.535" N
T5S27-833) | 7004730156 W | 70°47 265180 w | 393 36 1084

Another large area of deep sedimentary deposits was encountered along Transect T5, at Subsections S27
through S33. Again, the full lateral extent of the sediment is likely to be much larger than 303 m listed in
Table 6. Indeed, these subsections lie at the end of the surveyed portion of Transect TS where the planned ROV
transit was stopped early specifically due to the lack of hard substrate (Figure 2). If the transect had continued,
it would have passed close to the benthic infaunal Station NF19 (Figure 17) which has been successfully
sampled in 1992 (Blake et al., 1993) and in 1994 (Campbell, 1994). This suggests that the length of this
sedimentary deposit extends beyond 1 km.

The other region of notable sedimentary deposits lies close to the benthic infaunal Station S4. Transect T4 was
terminated at Station S4 so the latteral extent of sedimentary deposits is again indeterminate. However,
Subsection S39, which lies immediately to the east of Subsection S40, was densely cobbled. This indicates that
soft-bottom sampling near Station S4 is restricted to within approximately 67 m of its present location. The
deep sediments of Subsection S40 supported an unusual megafaunal community, even among sedimentary
deposits along other Transects. This difference is reflected in its low similarity index (0.125, near the end of
Figure 12) and was due to a comparatively large population of Urophycis spp. (hake) residing in a complex of
small burrows hollowed out of the fine-grained sediments.
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