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Executive Summary

In this study, we used two different approaches to characterize habitats across the entire
Rhode Island Ocean SAMERIOSAMP) study area.The observational approach used only
abiotic variables and the theorati approach used both abiotic and biotic variables. Despite the
different approaches and variables, both methods identified similar factors as important for

structuring halbvats in the RIOSAMP are®@ur major findings were:

Two main environmental variables control marine landscapes, or habitats, within the

RIOSAMP aread egr ee of ficoastalnesso and seafl oor g

Biodiversity in the RIOSAMP area peaks at a varietygebmorphological types, therefore
factors other than geomorphology contribute to the biological value of a habitat (i.e., not all

mor aines are equally o6valuabl ed).
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1 Introduction

For many of théenthichabitat studies in the Rhode Islabdean SAMP (RIOSAMP) area,
fine-scale ¢rder of 100s of metersapproach was used because this is the scale at which
potential developers, regulators and managers intarattchoose appropriate sites for various
activities For impact monitoring and assessment, this-$icede aproach is essential. However,
in order to put developed and protectehthichabitats into a larger contextnd to understand
relationships with regional habitat patterns and migratory speximsadscale habitat analysis
is necessaryorder of kiloméers); pattera developing at such krger scale orregional scale
are often ref er rserfaille etreima00d)Fnoer |tahnidss csatpuedy, we
are thedmarine landsca o r habdatd across the entire RIOSAMP area and how deyth
compare by ecWéodgefciahedahhiee®ldogi cal valuedo as
biodiversity, without reference to anthropoge

First, toidentify marine landscapesan ecosystem typology method was usBgpologies
have been approbed previously in the RIBAMP project to classify the study area into
oceanographic and ecological zones, or-agons based on similar oceanographic and
ecological characteristi¢ssrilli et al., 2011,2012). Similar methods were usddr other coastal
spatial planningssues(Borja et al. 200; Buddemeier et al., 2008ordan 201Por for similar
renewable energy planning and management related idstiléartis et al.,2012. The Belgium
Management Unit of thBlorth Sea Mathematical Mod@1UMM ), in particular,has developed
a similar analysiso our approacfor the North Sea, offshore of the Belgium coast (Verfaillie et
al., 2009; Degraer, 2008).

In this analysis, we extend and refine the iniRIDSAMP typdogy to include specific
geomorphological variables known to be particularly relevant to marine habitat or landscape
characterization. This results in a marine landscape typology uniquely based on abiotic variables.
The set of variables guastidenticalto that used in Verfaillie (200@andaredefined in Section
2.
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Figure 1. Modeling Natural Disturbance and Scope for Growth using a habitat template approach.

In order to assess the ecological value of the habitatsjodeled biodiversity using a habitat
template approach (e.g., Kostylev and Hannah, 200§ habitat template approach uses
features of the environment to predict biodiversiyhe major features of the marine
environment that determine where species oz and how well they grow and reproduce
includeDifidNatub diScopeardrdr Gr owt ho. Nat ur al Di s
physically disturb the seabexvery day(e.g., bottom currents from tides) and during extreme
shortterm events (e.gstorms). Scope for Growth refers to the biological production of an area,
or the energy available to organisms for growth and reproduction. Natural disturbar8mopad
for Growth can be modeled using variables we measure in the enviromaamal Distirbance
is modeled using tidal current velocity and extreme wave height; Scope for Growth is modeled
using primary productivity, water column layering, and bottom temperai&yemodeling
Natural Disturbance andscope for ®wth, we can develop predictiorsbout where certain
types of organisms (and perhaps what species) might live in the RIOSAMP(eagea
Southwood 1988Figure1). Ecological theory predicts that biodiversity will be highest in areas
with an intermediate Natural Disturbance regime anith Wigh Scope for Growth (Southwood
1988).Because we have a concept of how Naturastidbanceand Scope for @wth relate to
biodiversity (Figure 2) we can create maps op r e d i exdlogichl vé@lued biodiversity

hotspot® for the entire RIGAMP areaFigure 1 also illustrates the relationships between the
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habitat template and thenvironmentalvariables modeled using the ecosystem typology

approach discussed abdigeey text in Figure 1)

The goal of this study was tmmpare the spatial representatmfi t he t wo model s
(1) thetypology using only abiotic variables; (2) the Habitat Template using abiotic and biotic
variables. This exercise will better our understanding of the nature and distribution habitats
across the entire RIOSAMP area. Bema both methods result in maps, they each contribute
scientific information to the marine spatial planning process. Maps of habitats can be overlaid
with maps of human activities such as fishing, boat traffic, and disposal areas. Examining
patterns in thenatural environment along with human activities will allow us to discuss the
potential impacts of human activities and perhaps better designate areas for renewable energy

development, resource extraction and conservation.

2 Methods

2.1 Habitat Typology

Disturbance

0 0.5 1

Scope for Growth ]

Figure 2. The relationship between diversity, Disturbance and Scope for Growth. Highest species diversity
will occur in areas with an intermediate Disturbance regime and high Scope for Growth (red).

2.1.1Principle
The RIOSAMP aregFigure 3)is spatially discretized into a finite number of grid cells; each
of these cells is defined by a large number of variables (i.e., a multivariate data point), describing
the local marine landscape, such as depth, distance to coast, meamfaea teunperate,
et c e ( T)aEhdn grid dell is therefore defined in a multivariate space by multiple variables.

The objective of the typology is to regroup similar cells to create homogeneous marine

regions, characterized by similar marine landscapes
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The analysis follows two major steps:

1 Step 1 A reduction of the multivariate space by applying a Principal Component

Analysis (PCA) to facilitate the grouping (Step 2).

1 Step 2 Grouping of similar cells using a cluster analy§i#\). The kmeans clusting
method is used in this analysis.

The present study is performed using MATLAB.

Rhode Island Ocean Special Area Management Plan (SAMP)

71 '5=WV 71°40W 71°30W

71°20W 71°10W 71°0W
B ;. R T

Map Key
1! OceanSAMP Study Area

State/Federal Waters Separation

For Projact Backgreund Infoemaon:
hitp:iseagrant.gsc. un.odulcceansamp

For Project Map and Daa Procucts:
hitp:wwa rarrbay.org'd_projectsinceansamp

Figure 3. The spatial extent of the study area for both habitat models.
2.1.2Data

The RIOSAMP area is discretized ingrid cells of abou00 mby 200 m extending
between71.89 to-70.82 degrees W in Longitude and 40.88 to 41.5 degrees N in latitude. This

discretization size has previously been shown to be relevant for benthic habitat analysis (Derous,
2007). Each grid cell is described by dbiotic varialegs (Table L
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Table 1. Variables used in the analysis to describe the marine landscape and habitat. *indicates identical data
layer was used for habitat template approach (see section 2.2).

Variable name Description Unit Source
Tidal velocity* ~ Maximum tidal velocity m/s ROMS modeling
Grilli S. et al. 2010;
Harris et al., 2012.
Significant wave 95 % Significant wave Heightina50 m STWAVE modeling
height* year storm event
Grilli A. et al 2008
Depth* Water Depth m NGDC Coastal Relief
Model
Distance to Distance from each grid cell to closest km Grilli A. et al, 2010
shore point to shore
Slope Maximum slope between 2 grid cells  Deg. NGDC Coastal Relief
(200 m apart) Model ; SURFER
toolbox
Roughness Slope Standakdeviation in 1000 m LaFrance et al. 2010
radius
Phi median Sediment median diameter (on aphi & SEABED: Atlantic
scale 5= -log, Dyym ) coast offshore surficial
sediment datalS
Geological Survey
Reid et al. 2005
Clay Fraction of clay in sediment % SEABED: Atlantic
coast offshore surficial
sediment dataUS
Geological Survey
Reid et al. 2005
SST Spring Mean Seasonal Sea surface Temperat Degree Satellite data
(Spring) Celsius
NASA Terra and
Aqua (MODIS
sensorgJodiga et
Ullman, 2010
August 2012 Technical Repor#25 Page9 of 30
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Stratification Buoyancy frequency squared s° FVCOM modeling.
Spring Codiga et Ullman,
0.25 to 2.5 km resolution 2010

Chen et al (2006)

SST Fall Mean Seasonal Sea Surface Temperat Degree Satellite data
(Fall) Celsius
NASA Terra and
Aqua (MODIS
sensors}odiga et
Ullman, 2010
Stratification Buoyancy frequency squared s? FVCOM modeling
Fall Codiga et Ullman,
0.25 to 2.5 km resolution 2010

Chen et al (2006)

Aspect Ratio Slope directionality Degree NGDC Coastal Relief
[0-360] Model ;Satellite data
NASA Terra and
Aqua (MODIS
sensorsfURFER
toolbox

BPI fine scale  Bathymetric position index NGDC Coastal Relief
_ _ o Model and GIS
fine scale [negative values indicate a
canyon positive values indicate a ridge;
around 0, flat or constant slope]

BPI large Scale Bathymetric position index NGDC Coastal Relief

: - Model and GIS
large scale[negative values indicate a
through; positive values indicate a ridge
around 0, flat or constant slope]

North-ness North-South component in slope NGDC Coastal Relief
sin(Aspect Ratio) Model and GIS
positive value indicates Noriess

Eastness WestEast component in slope NGDC Coastal Relief
Cos(Aspect Ratio) Model and GIS

positive value indicates Easess
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The following analysis is performed in Adet

the mean valuearea representative value of the distributeneach grid pointe.g. Sea surface
temperaturat a specific grid point is assume to be representats loyean value and this mean
value is assued to be exact). In other wordbe statisticaluncertainty associated to those data
is not considered in this analysis. A stochastic approach was initiated but vedighmuscope of

this very shorterm projet.

Data wereinterpolded using a kriging algorithm on the study grid. While the uncertainty
associated to the spatial interpolation was not quantitatively assessed, the quality of the
interpolation was verified by comparing the statistical distributbnhe variables before and

after interpolation.

2.1.3Principal Components and Cluster Analysis

PCA is used in the typology to simplify the grouping of cells occurring in a large -multi
dimensional space. PCA reduces the multivaispice dimensions, & keeping most of the
information (or variance), using fewer variables: the Principal Components (PCs). Each PC is a
linear combination of the original variables, which is orthogonal to the other components and
therefore independent. The orthogonalitytween components eliminates any redundant
information resulting from correlations between original variables. Principal components,
consequently, explain most of the variance, with a reduced number of variables by comparison to

the original number of varides (Zuur, 2009).

CA is then used to regroup similar cells in the principal component space. -ifleark
clustering method is used in this studfe method calculates the distances between cells in the
new reduced multivariate principal components s regroups similar cells into clusters,
based on their proximity in that mulipace, or, in other words, based on their similafiityis
resulsin a set of clusters as compact and wgelparated as possibEachclusterreflecs, in this

application & the method, a specifar homogeneou8 mar i ne | andscapeo.

2.2Habitat Template
The methodsised to construct thieabitat templatéor the RI SAMP areare modified from
thoseused by Kostylev and Hannah (200Wje used the same underlying data as fertthbitat
typology approach, when available, so that results might be quantitatively compared iroiollow

studies.
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Caution must be used when interpolating discrete point samples over large areas. To
determine the minimum grid size allowable for the datailable in this study, we used the
inspectiondensity method of Hengl (2006). Knowing the minimum number of data points
available (210or stratification and temperature datnd the size of the RIOSAMP study area
(1500 square miles), we calculated thagrid size of 215 meters was the finest allowable size.

However, to be conservative, we chose to use 500 meter pixels for the final grid size.

2.2.1Scope for Growth

Scope for Growth (SG) represents the energy available to organisms for growth and
reproductionVariables that contribute to high SG are high food availability, warm-rgeard
bottomtemperatures and constant yeamnd bottom temperaturel order to estimate food
availability, we used ata layers such as stratification, chbrophylla, and bathymetry.
Stratification (water column layeringchlorophylta (primary productivity) and bathymetry
(water depth) will help us estimate how much food is reaching the seafloor for benthic
organisns. Deep water, low chlorophydl, and high degreesf stratification will be associated
with low food availability. Bottom temperature values will help us estimate how much energy
organisms are using in order to adapt and survive in their environment. Areas where bottom
temperatures vary widely require ragnergy to survive. Areas with a relatively constant bottom

temperature will allow for larger and more londiged organisms.

Stratification and temperature datare derivel from Codiga and Ullman (201®hlorophyl
data from Hyde (2010) and bathymettata fromNOA A6 s coa st .alhe Codigh and f mo d
Ullman data are season means of temperature, salinity, and density at 10 depth intervals derived
from a 27year dataset (1982007) of 156300 CTD casts distributed namiformly across the
SAMP area.

Stratification

Codiga and Ullman (2010) provided sigimavalues at 10 depth intervals at 210 sites
throughout the SAMP area. The surface value was subtracted from the bottom value to calculate
stratification at every site for each season (spring, sumfakrwinter). The annual mean
stratification was calculated for each site and these values were normalized on a scale of 0 to 1 to
create a stratification index. These data were interpolated to a &@0 grid using ordinary

kriging.
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Chlorophyll a

Monthly SeaWiFS data interpreted by Hyd®eKs. comn), for the years 1998007, were
used to model chlorophyll a concentrations across the SAMP area. The Octgfsar I0ean
(19982007) value was chosen for this study because this appeared to best heflanhaal
maximum chlorophyll a concentration for this dataset. This is in contrast with the data utilized by
Kostylev and Hannah (2007), which was chosen to reflect spring blooms. Since no spring
blooms were evident in the RI data, the October values wes@. These data wenermalized
to a scale of 0 to 1 andterpolated to an 80 etergrid in order to match the resolutiah the
NOAA bathymetry dataset.

Bottom Temperature

Codiga and Ullman (2010) provided ndmottom temperature values at 210 sitesulghout
the SAMP area for each season. From these, we calculated the annual mean bottom temperature
(TM), the annual range in bottom temperature (TA) and the interarmat Mean Square
(RMS) of bottom temperature (TI). Each of these was normalized scake of O to 1 and

interpolated to a 500 etergrid using ordinary kriging.

In order to estimat&G, the Food Availability (FA) index was calculated by taking the log of
the ratio of chlorophyll a concentration to water depth and then subtracting tticatian
index, as an estimate @od reaching the seaflogKostylev and Hannah 20077 he resulting
index was scaled from 0 to ITo calculate SG,the Food Availability, Mean Bottom
Temperature, Annual Range in Bottom Temperature and InterarRivE® of Bottom
Temperaturandices were comhbed in a linear additive modevhere each variable received

equal weight. The equation ubeas:
SG=(FA+TMi TAT Th/4.
The final SG indexvas scaled from 0 to 1 amgiidded at 500 mterpixels.

2.1.2Natual Disturbance
To model natural disturbance (ND) in tREOSAMP areawe used datasets that approximate

the average and the extreme hydrodynamic conditions in the study area.

The maximum tidal velocityrepresented average hydrodynamic conditiand the aerage
amount of hydrodynamic drag experienced by particles and organisms on the seafloor.
Maximum tidal velocitywas modeledby Dr. Jeff Harrigpers. comm.pf the URI Department of

Ocean Engineering. Extreme hydrodynamic conditions were modeled usyepb8ignificant
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wave height simulationgGrilli A., et al, 2008 Areas with high tidal velocitghigh drag)and

high significant wave height will be more disturbed than areas with low tidal velocity and low

significant wave height.

Tidal Current Power

Maximum tidal velocity was provided on a 300 meter gfide power needed to overcome
the drag created by tidal currents increasdb@sube of the current velocity. Therefore used
the maximum tidal current velocity &eate acurrent powerfi p r o(€B) ldy cubing (V) the
velocity at every grid nodeCP is assume to be correlated wille probability that sediment
grains are mobilized by tidal fluctuatiorend representgn index of mean hydrodynamic
condition at the seabe@P datawere re-interpolaed on a 500 m gridusing the ArcGIS grid
export utility andwere normalized on a 0 to 1 scaldis dataset was lejansformed to create

normally distributediata.

Extreme Wave Height

In order to create a proXgr wave power(WP) the significantwave héght for the 50year
extreme wave eventsanesquaretransformed andhterpolatedon the grid (original data wemn
a 700meter grig. The two grids had a Pearson correlation coefficient of 0r4. 500 meter

wave height grid wathennormalized on a bt1 scale

ND is a proxy for mean input power tmthe water column from waves and tidasd is

defined as the simple average of those vanpablesCPand WP
ND = (CP + WH)/2

The resultigp ND index was gridded at 500 eters transformed(using sqrt(1- x)) to

normalize the distributiofin Gaussian sengeand normalized on a 0 to 1 scale.

2.1.3Habitat Template
The SG and ND indices were visualized together by using a color map corresponding to the
four expected species types (see Figurdibdiversity hotspots were mapped by shading areas
on the map that correspond to expediggh, medium and lowdiversity according to ecological
theory (Southwood 198&%eeFigure?2).

2.3Summary
The first method, the Habitat Typology, is a classical method destgreedract information

or patterns from a large set of data, withowgriari inferring any pattern or relationship. It
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naturally regroups aregbatil ook al i keo. By choosing only a
identify regions based on geomorphologjiaad oceanographicharacteristicsthose define the

oceanic landscape or habitat.

The ultimate objective of the analysis is to identify biotopes associated to those regions, or
specific ecological assemblages associated to those habitats. We havespraseda similar
met hod teciodegiicfay fiegionso based on biodiver
those and habitats (Grilli, 2011,2012). In the present study, we focus on relating the abiotic
Habitat Typology with ecological zones dedth using the Habitat Template method. While the
typology is a deductive approach (Observatbnsipatt erno) , t he Habitat
inductive method (Theory> fipatterno) . Kostylev and Hannah
express the Scoder Growth and the Natural Disturbance: they assume that the disturbance is
linearly proportional to tide and waves indices (proportional to tide and wave power) and that the
scope for growth is linearly proportional to the phytoplankton availability gecylto upwelling
and water temperature. This modeling resultéwio indices, that when combined, provide a
theoretical biodiversity template. The purpose of the present analysis is to validate the theoretical
Habitat Template model with the observethrine landscapes identified within the Habitat

Typology.

3 Results

3.1 Habitat Typology
3.1.1PC Analysis
Applying the PCA to the data set results in reducing the number of original variables to a
smaller number of components to explain a large fractidheototal spatial variance. Here, we
find that the first 6 PCs contain about 75 % of the information (total variance) d¥ thréginal

variablesdefined in Section.2

It is standard, however, for the clustering analysis to limit the number of PCdausiael
number of PCs that explain 90 to 95 % of the variance. Here, the first 10 PCs explain 92 % of the
variance and will therefore be considered as the new variables to repriesespdtial

information (Figure %
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Figure 4. Principal components (PCs) listed by decreasing order of total variance explained by each
component. Solid line indicates cumulative variance explained.
In a second stage, the PCs are rotated in the-spdtie to maximize the correlation with

the origiral variables so that they can be more easily interpreted. Indeed, this rotation results in
PCs thatare close in space to some original variables, which facilitates their physical
interpretation. In this work, we are only interested in creating homogsneagions by
clustering and, hence, a physical interpretation of PCs is not of critical ingtrédss stage.
However, it isenlightening to have a grasp on the physical interpretation of the PCs, as this
provides a feeling for the physical processasimly the regionalization into different marine
landscape and habitats.e t 6 s n odiseussiorhadh th@hysibabmeanings restricted tdhe
first 6 PG (which are those whichave a cleaphysicalinterpretation) Evenif other variable
do not have a clear physical interpretation, they still carry some potentially relevant information

thatwill be included in the clustering process.

Accordingly, Table dists correlation coefficients with the7 original variables, for the first
six (ratated) PG. Each PC is ranked 1 to 6 based on the part of the variance that it explains.
Large correlations with original variables highlight the driving factors. Each PC can therefore be
associated to one, or a combination of physical processes, drivengnarine landscape
diversification, and ranking the controlling factors in the marineddeape diversification

process.
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Table 2. Correlation between the 16 original variables and the first 6 rotated Principal Components. Red
numbers indicate high correlation between PC and variable.

PC1 PC2 PC3 PC4 PC5 PC6
Bottom velocity -0.32069 -0.11305 -0.77121 0.18186 0.13051 -0.065777
Significant wave | 0.70849 -0.078078 -0.10504 -0.11468 -0.21253 0.023365
height
Depth 0.74975 0.090743 0.019154 -0.29029 -0.25577 0.38232
Distance to shore | 0.88467 0.019237 -0.28915 -0.11754 -0.20535 -0.03078
Slope -0.26698 -0.11134 -0.030921 0.13633 0.38085 -0.019022
Roughness -0.27386 0.098847 -0.099713 0.25152 0.88977 -0.13099
Phi median -0.12696 0.72991 0.26466 0.041732 0.0068522 | 0.15258
Clay (%) 0.015152 0.97422 -0.080831 0.031853 0.0098546 | -0.095706
SST (Spring) -0.072142 | 0.061674 0.82282 -0.08333 -0.047488 | 0.086222
Stratification 0.48124 0.041967 0.23937 -0.10638 -0.1431 0.65474
(Spring)
SST (Fall) 0.65504 -0.16876 0.096254 0.0090079 | -0.069389 | 0.002001
Stratification 0.86155 0.007841 0.16841 -0.063213 | -0.17153 0.31478
(Fall)
AspectRatio -0.0048927 | -0.018657 0.010708 0.017365 -0.0055405 | -0.0049363
BPI fine scale -0.10485 0.10576 -0.082224 0.55616 0.39357 0.013593
BPI large Scale | -0.10282 -0.0015277 -0.10069 0.96255 0.13756 -0.12496
Southward -0.0087505 | 0.00037461 | -0.0031748 0.0076542 | 0.0018941 | 0.0017756
sloping
Eastward -0.0013689 | -0.00077779 | -0.00090565 | 0.0016125 | 0.0020273 | -0.0013082
sloping
August 2012 Technical Repor#25 Pagel7 of 30
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The correlations provide the information to interpret the PCs in terms of physical processes.
While it is generally easier t@late the first few PCs to physical processes, it is often impossible
to find any physical meaning to the last PC. Therefore the correlations between PCs and physical
vanables are only shwn in Table 2for the first 6 PCs, which explain 75% of the tatphtial
variance. The examination of the correlations leads to the following physical interpretations for
the first 6 PCs:

PC1: Offshoreness/coastahess

Correlated with: water depth, distance torghevater column stratification

PC2: Sedimentology

Correlated withsediment grain size and type.

PC3: Fresh Water input

Correlated with: Sea Surface Temperature (SST) and bottom velocity.

PC4:. Large scale geomorphology

Correlated with: Large scale BPI.

PC5: Fine scale geomorphology

Correlatedwith: Roughness.

PC6: Upwelling

Correlated with: Stratification.

3.1.2Cluster Analysis
The regrouping of the grid cells is based on their similarity. The similarity is measured in
terms of Euclidian distance in the reduced multivarsgace of the PC<ells close to each

other are regrouped within the same cluster.

The analysis was performed using 10 PCs, and 9 clusters were identified in the analysis as

statistically relevant to characterize the SAMP marine landscape and habitat.

Let us note that thgrouping occurred in a i@mensonal space, since we kept 10 PCs
which is impossibled visualize. We show in Figure, 3he resulting clusters projected in a

reduced 3D PC space, but we have to keep in mind that the 1spéice is far more complex.

August 2012 Technical Repor#25 Pagel8 of 30



Ocean Special Area Management Plan

Similarly, each cluster can be interpreted in terms of the original variables, rather than in
terms of PCs. In Table 4, each cluster is associated with its mean value in terms of original
variables. For example in Clestl, individuals or grid cells have average a depth of 29 m and
a mean distance to shore of 21 km. In this analysis, we actually have the complete statistical
distributions of each of these variables for each cluster, but for sake of clarity, here, we only

present the mean values.

+  Cluster 1
+  Cluster2
Cluster 3
+  Cluster4
Cluster 5
Cluster 6
¢ Cluster?
+  Clusters
+  Cluster9

PC3

2nd Principal Component

1st Principal Component

Figure 5. Projection of 9 clusters in the reduced -D space of the 3 first PC.
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Table 3. Mean values of the original 16 variables within each of 9 clusters. Red numbers indicate the most
significant variables defining each cluster.

Cl c2 C3 C4 G5 C6 (074 c8 €9
Bottom
velocity(m/s) | 0.36 0.72 0.26 0.18 0.31 0.16 0.13 0.15 0.16
Significant
wave
height(m) 7.2 7.4 56 8.9 6.4 7.1 78 9.5 9.4
Depth(m) 28.8 227 18.1 37.1 19.5 23.3 36.0 48.9 50.1
Distance to
shore(km) 20.8 195 6.1 40.5 162 11.3 198 43.8 60.5
Slope 0.18 0.26 0.70 0.12 0.32 0.18 0.14 0.09 0.04
Roughness | 0.25 0.51 0.67 0.12 1.00 0.34 0.16 0.09 0.07
Phi median 1.47 2.29 1.82 1.75 2.45 2.91 2.97 2.19 2.67
Clay (%) 0.68 4.67 1.35 0.30 5.68 4.71 3.42 1.72 9.26
SST Spring
(deg. C) 9.30 9.02 9.66 9.49 9.40 9.85 9.90 9.71 9.25
Stratification | 5.706E | 2.974E | 2.806E | 2.190E | 2.342E | 3.097E | 4.678E | 5.372E | 2.824E
Spring 06 06 06 05 06 06 05 05 05
SST Faldeg.
C) 12.25 12.36 12.87 12.55 12.29 12.20 12.48 12.83 12.87
Stratification | 3.317E | 1.122E | 2.920E | 7.125E | 2.018E | 1.632E | 5.626E | 1.325E | 1.095E
Fall 06 06 06 05 06 06 05 04 04
Aspect Ratio | 196.14 | 174.93 | 163.8 | 188.% | 188.®2 | 179.®  187.66 | 178.3 | 182.34
BPI fine scale| -1.64 32.55 17.66 -8.49 330.89 |2.94 -7.23 -10.91 | -14.05
BPI large
Scale -0.33 79.63 49.75 -0.62 256.66 | 11.08 -8.30 -9.42 -16.28
Southward
sloping 0.004 0.006 0.003 0.002 0.038 -0.008 | 0.007 -0.014 | -0.007
Eastvard
sloping 0.014 -0.014 | 0.007 -0.001 | 0.013 -0.005 | -0.010 | -0.004 | 0.001
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Clustes are mapped on Figure 6

clusters
41.6 - 9

41.5¢F
414
413 F
1.2

411 F

41t

40.9

1 1 1 1 1 ]
=72 -f1.8 -71.6 -il4 -2 -7 -70.8 -f0.6

40.8

Figure 6. Typology of Marine Landscape and Habitat in SAMP area cluster (clusters-9 are color coded).

1 Cluster 1(C1). Intermediatedepth and distance to shore; medium sand (ph); 2
relatively cold water; relative high bottom veloeityfresh water inflow on relative
smooth geomorphology.

1 Cluster2 (C2) Intermediatedepth and distance to shore; fine sand (pR) 8ome clay;

higher roughness and BPI index than C1; coldest water; highest bottom velda@sh

water inflow on relativeough geomorphology.

Cluster3(C3): Shallow coastal waténside the stormy breaking wave area.

Cluster 4 (C4) Offshore area in relatively shallower water; medium sand smooth

geomorphology, no clay

91 Cluster 5 (C5): Highestroughness and BPI index are& high bottom velocity and

coldest temperature; fresh water inflow in shallow water and complex geomorphology

(ridge), fine sand and clay.

Cluster6 (C6): Close to shore; very fine sand and some clay; warmer th&®sC1

Cluster 7 (C7):Stratified wamer water in intermediate/deep water on similar fine sand

asCe6, but further away from shore.

Cluster 8 (C8):Stratified warner watein deeper offshore arem mediumsandfloor.

Cluster 9 (C9) Similar Stratifiel offshore water in the deepestea, on finesand and

clay.

= =

= =

= =
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3.2Habitat Template
The SGIndex (Figure Y andND Index (Figure 3 highlight areas within the RIOSAMP study
area where energy available to organisms mighhighest (red areas on Figureahd where
bottom disturbance due to natural sasi might b highest (red areas on Figune Bis important
to note that the results are scaled within the RIOSAMP area. Therefore, the red areas on the map
represent the highest values for each index with respect to the RIOSAMP area; not with respect
to neighboring Narragansett Bay or further offshore.

We categorized the values 8G and NDin order tovisualizethemin the context othe
expected species typaeludingfilter feeders, predators, mobile generalists and tolerant species
(Figure 9. Using the thresholds for biodiversity predicted by ecological theory (Southwood
1988; see Figure 2)ye were able to visualize the areas of highest biodiversityeiiRIOSAMP
study area (Figure JOWe also visualized the areas of highest diversity in theeso of
geomorphology (Figure }1The comparison between geomorphology and modeled diversity is
particularly interesting because there are currently no geomorphic or sediment variables
incorporated in the Habitat Template modeled for this study.
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Food availability index
Mean bottom temperature index

|

Bottom temperature
annual range index

ol

Annual bottom temperature

RMS index
” Scope for Growth Index

Figure 7. Modeled Scope for Growth Index for the RIOSAMP area (large right pane) and the data used to
assemble the linear additive model (left stacked panes).
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Extreme wave height Tidal current power .
Natural Disturbance Index

P High : 1
-Low:O

Figure 8. Modeled Natural Disturbance index for the RIOSAMP area (large bottom pane) and the data used
to assemble the linear additive model (top left panes).
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Predicted species types

:] predators

- sessile filter feeders

- tolerant species
:] mobile generalists

Figure 9. Predicted species types according to SG and ND index values (see Fidl). Blue and yellow areas
have the highest Disturbance; yellow and red areas have the highest Scope for Growth.
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Figure1l0. Bi odi versity hotspots in the RIOSAMP study area
degree of bidiversity as shown in Figure 2.
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Figure 11. Areas of highest biodiversity shown with location of end moraines and bathymetry values.

4 Interpretation

4.1 Habitat Typology

1 The typology clearly separates the Rl Sound (East of Blslekd) from the Bl sound
(West of Block Island), based on the fresh colder water inflow and higher tidal velocities
associated to the Long Island Sound tidal hydrodynamics (West of the Bl Sound).

1 Inside each sound, the analysis identifies 2 major factorgrolling the marine
landscape:

0 The offshoreness, coastahess gradient.

A This factor isassociated to depth and distance to coast. It differentiates offshore from
coastal waters.

A Upwelling might be a significant stflactor.

0 The sedimentologgndgeomorphology
A The sedimentology factor reflectsetltsediment grain size, coarse fioe sand, clay
presence or not.

A The geomorphology factor reflectse sea bottom roughnedarge scale as well as fine
scaleroughness are clearly identified as drivingtéas

4.2 Habitat T emplate
Like the Habitat Typology,he spatial patterns in the SG and ND indices suggest that there is

an important distinction among habitat types related to offshore versushoearconditions and
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