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1 Introduction

1.1 Statement of Need

The Bureau of Ocean Energy Management (BOEM) is receiving increased int@astri@ontinental

Shelf (OCS) sand resources for shore protection, beach and wetland restoration, and construction projects.
Worldwide, sand and mineral aggregates are thendaomst exploited natural resource behind water, and
expected demand far outpaces sugplyited Nations Environmental Programme 20X5gnd includes
aggregates of differing chemical composition, shape, grain size, fracture angle, and sorting, and not all
sand is suitable for all tasks that require sgaen 2017)

Sand is an important habitat for many benthic organisms. Sand is indirectly linked to epibenthic and
pelagic organisms through food weymnamics Sand provides temporary refuge from predators or other
adverse conditions, and facilitates ambush pred@#gmes et al. 2004; Diaz et al. 2003; Diaz et al.

2004; Mahon et al. 1998; Vasslides and Able 2008; Walsh et al..20&6Yetails aboat the

mechanisms, scale, and specificity of dependency on sand for fishes is not well documented, including for
the Northeast Large Marine Ecosystem, the seafloor of which is dominated by soft unconsolidated
substrate.

In recognition of the importance specific habitats in the completion of life cycles for fishes and key
invertebrates, the habitat of managed fish species is under legal protection by the M&iavsons

Fishery Conservation and Management Atsgreferenced as Magnus@tevens Actor MSA, 16

U.S.C. 1801 et seq.Jhe 1996 amendment to the M$&quires the identification, description, and
designation of essential fish habitat (EFH), which is inclusive of managed and commercially important
invertebratesEFH, thefiwates andsubstrate ecessaryo fish forspawning, beedingfeeding or growth

to maturity9is identified so that it can be managed and protected from other activities.

Sand substrate may be an important character of hdfotamarine species, the value of sand as habitat
can change with its environmental, temporal, and ontological context. For example, migrant species of
fish that rely on sand substrate on the coast are not there throughout the year, and some even migrate
inland to freshwatefAble and Fahay 1998; 2010; Collette and KiMacPhee 2002Fishes with

adaptations to unconsolidated benthic habitat, such as having chemosensitive barbels or fin elements for
probing sand, are common along the US East coast. However, eatdagythis stretch responds to

marked regional differences in climatic, oceanographic, geologic, and bathymetric character, and in the
nature of anthropogenic pressurdra-regional structuring of fish habitat use and seasonal distribution,
such as estuime entry or shoal occupation and range extent, has influenced geopolitical and cultural
boundaries, such as the growth and character of historical fisheses communitigédardin 1960;

Kunzig 1995; Safina 1990)

There is limited definitive information on ecological function and biological significance of sand features
in the Mid-Atlantic region and the New York Bight (NYB). The extraction of sand potentially conflicts
with healthy functioning and continuation of marine ecosystems and fisH@oesiderations of the

potential impacts of sand dredging and transport to sholede cumulative impacts, space/use conflicts
with fisheries extraction, and EFH conflicts.

1.2 Understanding Extraction as Perturbation

Sand resource extraction, or dredging, removes sand substrate and infauna, produces turbidity plumes,
and changes bathyatric contourgPickens et al. 2020 ontours and texturé€., bottom roughness)



influence topographic steering including upwell{i@plyander et al. 2013; Glenn et al. 20Be reviews

by Michel et al. (2013)Pickens et al. (202pandWenger et al. (2017)Vhen sand is extracted, damage

to the community that depends on it is expected through r@mogcreening of infauna, exposure to
hypoxic sediment horizons and thinning of the oxygenated sediment layer suitable as habitat, resorting of
sediment sizes appropriate for different infauna, burial of epibenthic fauna and fish eggs from sediment
plumes, clogging of fish gills, behavioral response such as movement, and the consequent depletion of
infaunal prey and their trophic transfer to fisd&irn et al. 2004; Pickens et al. 2020; United States

Army Corps of Engineers 2013owever, similar to the case for natural disturbances, such communities
shauld be expected to recover (see reviewNayrn et al. (2004andWayeBarke et al. (2015).

Recovery can vary in mechanism, timing, or trajectory following a successional dynamic and relative to
the type of extraction equipment, substrate, and locéBoassle and Sanders 1973; Pickens et al. 2020)
These disturbances occur within a background of diurnal andreg¢gdmtoperiod and production cycles,
upwelling, seasonal and advective temperature changes, storms, disease and predation dynamics,
migrations, and successional community dynamics that introduce natural variability in the system. Sand
resource extractiomay emulate aspects of other anthropogenic disturbances such as bottom trawling or
clam suction harvest or scallop dredgiSgllivan et al. 2003)Disturbancedefinedasfiany discrete

event in time that disrupts ecosystem, community, or population structure and changes resources,
substrate avail abil i t(Rickettamd White @98%)rimygres deremllyahe nvi r o n me
unbiasedperturbation, is an important ecological structuring mecharissiparticularly importanas a

driver of diversity through inteaption of community succession by the suppression of otherwise
dominant specieiGrassle and Sards 1973; Hardin 1960Thisdata synthesifocuses on a contextual

view of spatial and temporal dynamics as perturbations that influence fish and macro invertebrate
production and distributioim the NYB.

1.3 Purpose

The purpose of this report is to twtifol) compile and?) analyze available data. Compilation gathers
and serves data to facilitate assessmafriesaserequests for dredginat specific times and areas.
Analysis examines latent and canonical habitat and fish distribution trends, as eeefirasrcial and
recreationafishing activity, to formulate a baseline understanding of spatial temporal dynamics from
which predictions can be made and perturbations understood.

1.4 Report Structure

This report is a companion volumeNew York Bight Fish, Fisheries, and Sand Features: Data

Review, Volume 1: Literature Synthesis and Knowledge GapsRedundancy in the Introduction and
Geographic definition sections provide continuity with that volume while providingrivetion that

allows this reportto be read as a staradone document. Followintipose sectionsections are delineated

as semindependent but cohesive task} data inventory2) data parsing and servirg) examination of

latent trends in habitat and fiskcallop, and clardistribution; 4) examination of canonical trends.,

fish distribution correlated with spatial and temporal habitat trends and their relative explanatory power as
perturbations5) autecological trends for important speci@sanalysis of fishing data in the stydrea

7) apredator/preyrosstaband8) general conclusion3he specific purpose, methods, and results of

each task are provided iretih respectivesectiors.



2 Geographic Definition

For this study,ite NYB is a region geographically defined on the west and north by the bowed US
coastline and to the east and south as a line drawn beBi@sknlsland, Rland Cape Henlopen, DE
(Figure 1). The apex of the NYB is the entrance to the Hudson Rsteary.T he Hudson Ri ver 6s
historical channel continues across the apex of the NYB as the submarine Hudson Shelf Valley
(Beardsley and Boaurt 1981; Castelao et al. 2010; Chen 2018; Chen et al. 2018; Epifanio and Garvine
2001)with important influence on the regional benthic structure and circula@mehtherefore on
composition of fish and invertebrate communities and on fish8ifiesNYB and its apex are concentric
with the broader MidAtlantic Bight (MAB) defined from Cape Cod, MAo Cape Hatteras, NC. The

NYB must be understood within the context t h e MA B 0 sevef, theageamorphslogy differsv
and despite a MABwide circulation driver, a strong zonal temperature cline shapes ecological
communities and dynamics of the NYB relative to the MaBeVolume 1 Literature Synthesisand
Knowledge Gap3.

Due to technological constraints, sand extraction hormally occurs in depths of 30 m (98 ft)Tdri¢ess
study area extends to 50 m (164 ft) to encompass a buffer should technology advance dredging into
deeper waters. This depth oesponds to an offshore distance of about 16.7 km (9 nm). The study region
is bounded shoreward Iederal jurisdiction beginning at 3 niaigure 1). This area focuses the
synthesisSelect data collected in adjac&nhte waters were reviewed for comparis
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Figure 1. BOEM marine minerals study area in the NYB

Shoals depicted in this feature class include both identified sand resource and modeled shoals. Sand resources were
characterized from data collected during various reconnaissance- and design-level studies where geological (e.g.,
sediment cores, sediment profile images, etc.) and geophysical (e.g., high-resolution swath bathymetry, side-scan
sonar, seismic reflection profiles, magnetometer surveys) data were collected, at least in part, to evaluate OCS sand
resources. Delineations mainly consist of approximate delineations based on interpretations of data, drawings, and or
descriptions found in related study reports. Sand resource polygons were provided by BOEM in ArcGIS shapefile
format and follow-up discussions were made with Marine Minerals Program (MMP) scientists to assign the evaluation
stage associated with each polygon in regards to the presence of restoration quality sand and gravel. The most
current version of this dataset can be downloaded via the Marine Minerals Information System (MMIS) viewer at
https://mmis.doi.gov/boemmmis/. The modeled shoals feature class fall within US Federal waters seaward of the US
Submerged Lands Act Boundary (3 nmi in the NYB) to a depth of 50 m in the Gulf of Mexico and Atlantic Ocean.
Much of the attribution comes from the Coastal and Marine Ecological Classification Standard
(https://www.cmecscatalog.org/cmecs/). The modeled shoals data set is available
https://portal.midatlanticocean.org/data-catalog/maritime-industries/#layer-info-modeled-shoals-in-federal-waters4552



https://mmis.doi.gov/boemmmis/
https://www.cmecscatalog.org/cmecs/
https://portal.midatlanticocean.org/data-catalog/maritime-industries/#layer-info-modeled-shoals-in-federal-waters4552

3 Data Synthesis

3.1 Data Inventory and Metadata
3.1.1 Purpose

To quickly identify what data sets are available in terms of factors, spexiéseir spatial and temporal
spans, quality estimators, format, storage size, and origin. The inventory tabpitatimes a wayo
make quick assessmenwf whether data is readily available to address specific questions on future
assessmesit

3.1.2 Method

Datawere gathered from sources at Rutgers University, BOEM;Aflahtic Regional Council on the
Ocean (MARCO)MMIS, New Jersey Department of Environmental Protection (NJDdefé) National
Marine Fisheries Service (NMFSJata was alsextracted from printethbles in peereviewed literature.
Much of the data is gathered onBRDDAP (a name based on a historical but obsolete acroegmgr
(https://nybsand.marine.rutgers.edu/erddap/irded). ERDDAP was built by the National
Oceanographic and Atmospheric Administration (NOAA) for projects such as thidischosted by
Rutgers University (seettps://nybsand.nrae.rutgers.edu/erddap/information.htiot additional
information.

ERDDAP al so fipassesd some | arge data sets that ar
at the source sites are served

Data are served by ERDDAP through two simple ilaggpaged one f or figri ddapodo f or ma
such as gridded bathymetric and sedi mesuthashart s,
point time series or trajectory datehich are fundamentally describén terms of unstructured geosyadti

coordinates and an observation value. ERDDAP standardizes times and geospatial coordinate information

so that all data sets can be searched and downloaded using consistent code that requires only a change to

the ERDDAP data set URL pointing to a particudata collectionERDDAP provides graphic user

interface(GUI) tools €.g.,slider bars, drop downs, dialog boxes) for parsing, filtering, combining,

mapping, and exporting datgigure 2).
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Figure 2. ERDDAP user interface

A screen grab of the project ERDDAP shows a map output of the Marine-Life Data and Analysis Team Fish Biomass,
limited to an area similar to the study area by means of the GUI sliders, with the color scale set by dialog box input to
maximize discernment at the local scale. Click boxes for choices on downloading data format (here .html) or
generating a URL specific to the selected parameter settings for use in coding are also shown. The map itself can
also manipulated by GUI or downloaded in many formats. A similar page assists with parsing and downloading the
underlying data.




Data extracted from ERDDAP services can be delivered in a wide variety of file types, including simple
ASCII or commaseparated Taes(CSV) formats for spreadsheets. A few of tiipesrelevant to this
project are noted ifable 1

Table 1. Some ERDDAP data extraction formats

Data file type Description
.asc Download as OPeNDAP-style ISO-8859-1 comma-separated text
.CsSV Download as 1SO-8859-1 comma-separated text table
.esriAscii Download as 1SO-8859-1 ESRI ASCI! file
fgdc View the dataset's UTF-8 FGDC .xml metadata
.htmITable View a UTF-8 .html web page with the data in a table
.json View a table-like UTF-8 JSON file (suitable for web page applications)
.mat Download a MATLAB binary file
.nc Download a NetCDF-3 binary file with COARDS/CF/ACDD metadata (readable in
ArcGIS 10+, R, Python, etc.)

Data served by ERDDAP do not need to be downloaded but caadristeaccessed directly by programs
such as M\TLAB or Javahrough RESTful Web Services (see
https://nybsand.marine.rutgers.edu/erddap/resi)taynincluding URLS in the code.

ERDDAP al® serves metadatdariable names and metadata descriptions follow community best
practicee.g.,by assigning variable names from the glossary of agupedstandard_name attributes in
the ClimateForecast (CF) Conventions and adding-aleral Geograt Data CommitteeRGDQ)
metadata as required.

The ERDDAP nventoryis alsoexportedto hard disk and delivered to BOEIMMP as a product of this
datasynthesis Additional data not well served by ERDDA®.§.,data thatannot be gridded or
tabulated) idinked to a repository within the ERDDAP landing pagke identity, location, and metadata
for any data that is not well served by the ERDO#&Provided in theutput table.

Password protection is provided for ERDDAP access to the State and Federal trawl and clam stock
assessment surveys in accordance with the terms of use.

Instructions on how to use the ERDDAP are provided as a video at
https://www.youtube.com/watch?v=18xZoXulUSM

3.1.3 Products

There are 30 data sets served through the project ERDekfPe 2), including some that are already
posted on other servers. Additional davailable through MARCO, which itself mirrotise BOEM
Marine Cadastrehftps://marinecadastre.gy\and the National Centers for Environmentabmifation
server [ittps://www.ncei.noaa.gopcouldbe useful to assessmenfssand features as fish habikait are
not mirrored on the ERDDAR heyare listed inTable 3. Some napsareplotted asmage (*.pngJiles in
MARCO for data thaairenot downloadable but can be queried through the server app.
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Table 2. List of all data sets served by the NYB Sand ERDDAP
Additional columns (not shown for fit) include linked names of the source institution, a link to subscribe to the Really Simple Syndication (RSS) feed, and a linked
email address for the responsible person for each data set. The link to background includes data on the history and conventions used for ingesting the data to the
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https://portal.midatlanticocean.org/data-catalog
https://nybsand.marine.rutgers.edu/erddap/griddap/Avian_Richness_Crustacean_Eaters.html
https://nybsand.marine.rutgers.edu/erddap/griddap/Avian_Richness_Crustacean_Eaters.graph
https://nybsand.marine.rutgers.edu/erddap/wms/Avian_Richness_Crustacean_Eaters/index.html
https://nybsand.marine.rutgers.edu/erddap/files/Avian_Richness_Crustacean_Eaters/
https://nybsand.marine.rutgers.edu/erddap/metadata/fgdc/xml/Avian_Richness_Crustacean_Eaters_fgdc.xml
https://nybsand.marine.rutgers.edu/erddap/metadata/iso19115/xml/Avian_Richness_Crustacean_Eaters_iso19115.xml
https://nybsand.marine.rutgers.edu/erddap/info/Avian_Richness_Crustacean_Eaters/index.html
https://portal.midatlanticocean.org/data-catalog
https://nybsand.marine.rutgers.edu/erddap/griddap/Avian_Richness_Fish_Eaters.html
https://nybsand.marine.rutgers.edu/erddap/griddap/Avian_Richness_Fish_Eaters.graph
https://nybsand.marine.rutgers.edu/erddap/wms/Avian_Richness_Fish_Eaters/index.html
https://nybsand.marine.rutgers.edu/erddap/files/Avian_Richness_Fish_Eaters/
https://nybsand.marine.rutgers.edu/erddap/metadata/fgdc/xml/Avian_Richness_Fish_Eaters_fgdc.xml
https://nybsand.marine.rutgers.edu/erddap/metadata/iso19115/xml/Avian_Richness_Fish_Eaters_iso19115.xml
https://nybsand.marine.rutgers.edu/erddap/info/Avian_Richness_Fish_Eaters/index.html
https://portal.midatlanticocean.org/data-catalog
https://nybsand.marine.rutgers.edu/erddap/tabledap/NEFSC_BOTTOM_TRAWL_FALL.subset
https://nybsand.marine.rutgers.edu/erddap/tabledap/NEFSC_BOTTOM_TRAWL_FALL.html
https://nybsand.marine.rutgers.edu/erddap/tabledap/NEFSC_BOTTOM_TRAWL_FALL.graph
https://nybsand.marine.rutgers.edu/erddap/metadata/fgdc/xml/NEFSC_BOTTOM_TRAWL_FALL_fgdc.xml
https://nybsand.marine.rutgers.edu/erddap/metadata/iso19115/xml/NEFSC_BOTTOM_TRAWL_FALL_iso19115.xml
https://nybsand.marine.rutgers.edu/erddap/info/NEFSC_BOTTOM_TRAWL_FALL/index.html
https://inport.nmfs.noaa.gov/inport/item/22557
https://nybsand.marine.rutgers.edu/erddap/tabledap/NEFSC_BOTTOM_TRAWL_SPRING.subset
https://nybsand.marine.rutgers.edu/erddap/tabledap/NEFSC_BOTTOM_TRAWL_SPRING.html
https://nybsand.marine.rutgers.edu/erddap/tabledap/NEFSC_BOTTOM_TRAWL_SPRING.graph
https://nybsand.marine.rutgers.edu/erddap/metadata/fgdc/xml/NEFSC_BOTTOM_TRAWL_SPRING_fgdc.xml
https://nybsand.marine.rutgers.edu/erddap/metadata/iso19115/xml/NEFSC_BOTTOM_TRAWL_SPRING_iso19115.xml
https://nybsand.marine.rutgers.edu/erddap/info/NEFSC_BOTTOM_TRAWL_SPRING/index.html
https://inport.nmfs.noaa.gov/inport/item/22557
https://nybsand.marine.rutgers.edu/erddap/tabledap/NEFSC_BOTTOM_TRAWL_SUMMER.subset
https://nybsand.marine.rutgers.edu/erddap/tabledap/NEFSC_BOTTOM_TRAWL_SUMMER.html
https://nybsand.marine.rutgers.edu/erddap/tabledap/NEFSC_BOTTOM_TRAWL_SUMMER.graph
https://nybsand.marine.rutgers.edu/erddap/metadata/fgdc/xml/NEFSC_BOTTOM_TRAWL_SUMMER_fgdc.xml
https://nybsand.marine.rutgers.edu/erddap/metadata/iso19115/xml/NEFSC_BOTTOM_TRAWL_SUMMER_iso19115.xml
https://nybsand.marine.rutgers.edu/erddap/info/NEFSC_BOTTOM_TRAWL_SUMMER/index.html
https://inport.nmfs.noaa.gov/inport/item/22562
https://nybsand.marine.rutgers.edu/erddap/tabledap/NEFSC_BOTTOM_TRAWL_WINTER.subset
https://nybsand.marine.rutgers.edu/erddap/tabledap/NEFSC_BOTTOM_TRAWL_WINTER.html
https://nybsand.marine.rutgers.edu/erddap/tabledap/NEFSC_BOTTOM_TRAWL_WINTER.graph
https://nybsand.marine.rutgers.edu/erddap/metadata/fgdc/xml/NEFSC_BOTTOM_TRAWL_WINTER_fgdc.xml
https://nybsand.marine.rutgers.edu/erddap/metadata/iso19115/xml/NEFSC_BOTTOM_TRAWL_WINTER_iso19115.xml
https://nybsand.marine.rutgers.edu/erddap/info/NEFSC_BOTTOM_TRAWL_WINTER/index.html
https://inport.nmfs.noaa.gov/inport/item/22563
https://nybsand.marine.rutgers.edu/erddap/tabledap/Benthic_HABITATS.html
https://nybsand.marine.rutgers.edu/erddap/tabledap/Benthic_HABITATS.graph
https://nybsand.marine.rutgers.edu/erddap/metadata/fgdc/xml/Benthic_HABITATS_fgdc.xml
https://nybsand.marine.rutgers.edu/erddap/metadata/iso19115/xml/Benthic_HABITATS_iso19115.xml
https://nybsand.marine.rutgers.edu/erddap/info/Benthic_HABITATS/index.html
https://portal.midatlanticocean.org/data-catalog/
https://nybsand.marine.rutgers.edu/erddap/tabledap/MAB_mobility_percent.html
https://nybsand.marine.rutgers.edu/erddap/tabledap/MAB_mobility_percent.graph
https://nybsand.marine.rutgers.edu/erddap/metadata/fgdc/xml/MAB_mobility_percent_fgdc.xml
https://nybsand.marine.rutgers.edu/erddap/metadata/iso19115/xml/MAB_mobility_percent_iso19115.xml
https://nybsand.marine.rutgers.edu/erddap/info/MAB_mobility_percent/index.html
https://portal.midatlanticocean.org/data-catalog/
https://nybsand.marine.rutgers.edu/erddap/tabledap/SMAST_scallops.html
https://nybsand.marine.rutgers.edu/erddap/tabledap/SMAST_scallops.graph
https://nybsand.marine.rutgers.edu/erddap/metadata/fgdc/xml/SMAST_scallops_fgdc.xml
https://nybsand.marine.rutgers.edu/erddap/metadata/iso19115/xml/SMAST_scallops_iso19115.xml
https://nybsand.marine.rutgers.edu/erddap/info/SMAST_scallops/index.html
https://portal.midatlanticocean.org/
https://nybsand.marine.rutgers.edu/erddap/griddap/Soft_Sediments_Size.html
https://nybsand.marine.rutgers.edu/erddap/griddap/Soft_Sediments_Size.graph
https://nybsand.marine.rutgers.edu/erddap/wms/Soft_Sediments_Size/index.html
https://nybsand.marine.rutgers.edu/erddap/files/Soft_Sediments_Size/
https://nybsand.marine.rutgers.edu/erddap/metadata/fgdc/xml/Soft_Sediments_Size_fgdc.xml
https://nybsand.marine.rutgers.edu/erddap/metadata/iso19115/xml/Soft_Sediments_Size_iso19115.xml
https://nybsand.marine.rutgers.edu/erddap/info/Soft_Sediments_Size/index.html
https://portal.midatlanticocean.org/data-catalog
https://portal.midatlanticocean.org/data-catalog
https://portal.midatlanticocean.org/data-catalog
https://portal.midatlanticocean.org/data-catalog
https://portal.midatlanticocean.org/data-catalog
https://portal.midatlanticocean.org/data-catalog
https://portal.midatlanticocean.org/data-catalog
https://inport.nmfs.noaa.gov/inport/item/22557
https://inport.nmfs.noaa.gov/inport/item/22557
https://inport.nmfs.noaa.gov/inport/item/22562
https://inport.nmfs.noaa.gov/inport/item/22563
https://portal.midatlanticocean.org/data-catalog/
https://portal.midatlanticocean.org/data-catalog/
https://portal.midatlanticocean.org/
https://portal.midatlanticocean.org/data-catalog

Grid Table Make Web Source FGDC, Back-

DAP Ssuet;' DAP A Map  Data Asﬁf)f:' Title 1SO, ground Dataset ID
Data Data Graph Service Files Metadata Info

Topography, ETOPOL,

. 0.0166667 degrees, Global

data - - graph M - public (longitude -180 to 180), (Ice FIM background é# | etopol80

Sheet Surface)

Topography, NOAA Coastal
data - - graph M - public Relief Model, 3 arc second, FIM background ¥ | usgsCeCrm1l

Vol. 1 (Atlantic Northeast)

Topography, NOAA Coastal
data - - graph M - public Relief Model, 3 arc second, FIM background ¥ | usgsCeCrm2
Vol. 2 (Atlantic Southeast)

Table 3. Data available through MARCO not mirrored in ERDDAP

Information Type Examples Notes

Administrative Marine Jurisdictions, Lease Blocks, National Park Service Digital maps
boundaries, NMFS Service regions, Submerged Lands Act
boundary, Territorial Sea boundary

Fishing Fathom lines, Statistical Areas, Management Areas, VMS and VTR as *.lyr only and *.png;
Commercial Fishing Vessel Monitoring System (VMS) and underlying data cannot be downloaded
Vessel Trip Report (VTR), Party and charter recreational boat
use areas, Recreational fishing reef expansion areas

Oceanography Fronts probability by year and season, Net Primary Productivity | -
by year and season, hurricane tracks
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https://nybsand.marine.rutgers.edu/erddap/griddap/etopo180.html
https://nybsand.marine.rutgers.edu/erddap/griddap/etopo180.graph
https://nybsand.marine.rutgers.edu/erddap/wms/etopo180/index.html
https://nybsand.marine.rutgers.edu/erddap/metadata/fgdc/xml/etopo180_fgdc.xml
https://nybsand.marine.rutgers.edu/erddap/metadata/iso19115/xml/etopo180_iso19115.xml
https://nybsand.marine.rutgers.edu/erddap/info/etopo180/index.html
https://www.ngdc.noaa.gov/mgg/global/global.html
https://nybsand.marine.rutgers.edu/erddap/griddap/usgsCeCrm1.html
https://nybsand.marine.rutgers.edu/erddap/griddap/usgsCeCrm1.graph
https://nybsand.marine.rutgers.edu/erddap/wms/usgsCeCrm1/index.html
https://nybsand.marine.rutgers.edu/erddap/metadata/fgdc/xml/usgsCeCrm1_fgdc.xml
https://nybsand.marine.rutgers.edu/erddap/metadata/iso19115/xml/usgsCeCrm1_iso19115.xml
https://nybsand.marine.rutgers.edu/erddap/info/usgsCeCrm1/index.html
https://www.ngdc.noaa.gov/mgg/coastal/coastal.html
https://nybsand.marine.rutgers.edu/erddap/griddap/usgsCeCrm2.html
https://nybsand.marine.rutgers.edu/erddap/griddap/usgsCeCrm2.graph
https://nybsand.marine.rutgers.edu/erddap/wms/usgsCeCrm2/index.html
https://nybsand.marine.rutgers.edu/erddap/metadata/fgdc/xml/usgsCeCrm2_fgdc.xml
https://nybsand.marine.rutgers.edu/erddap/metadata/iso19115/xml/usgsCeCrm2_iso19115.xml
https://nybsand.marine.rutgers.edu/erddap/info/usgsCeCrm2/index.html
https://www.ngdc.noaa.gov/mgg/coastal/coastal.html
https://www.ngdc.noaa.gov/mgg/global/global.html
https://www.ngdc.noaa.gov/mgg/coastal/coastal.html
https://www.ngdc.noaa.gov/mgg/coastal/coastal.html

3.1.4 Trawl Survey Data Sets for Synthesis

Two standardized trawl surveys, th&RSCtrawl survey( A NEF S C  and theNlDERB)Ireau of
Marine Fisherie©cean Stock Assessment sur¢efJDEPs u r vi&awe @ history in the study area.
Only the NEFSGurveycovers the entire areandit is the basis for much of the analysis in this repo
TheNJDEPsurvey provides important contextd is treated brieflyDetails for each are provided below
Data on clam distribution for suction dredge survey are treated separately.

3.1.4.1 NEFSC Trawl Survey

The NEFSQrawl survey dates to 83, but important hanges were made over the
notably the change of vessel and net in 2008 and the addition of electronic data gathering and navigation
such as global positioning systefdshnson and Sosebee 2014; Smith 20@8yances in navigation
electronics in particular led to greater precision in documenting ttavvlesd stop positions and

therefore estimates of trawl swept area used to calculatepatcinit-effort (CPUE) Several changes

were made to the protocol over its history. The trawlset since 2008 is al8idle, 4seam survey

bottom trawl rigged \th a rockhopper sweephe cod end mesh is 4.5 inchathough there was a
comparison made to the earlier net to adjust for catch rates (calibration coeifigvttiteen and

Fogarty 2009)these are not discussed here as only data from 2010 anaréaised(seeSection3.2
DataParsing. Catches evaluate relative abundance (not total abundance, since the net is not 100%
efficient) and are comparable over tifflitis et al. 2014)The total survey area, from Gulf bfaine to

Cape Lokout, South Carolinand to depths greater than 200isrivided into depth and latitudinal

strata. Sample number is assigned to each strata on aneigsied basis and spatially randomized

within that strata. Only samples within this study area ansidered (se8ection3.2 Data parsirg

Conductivity, temperaturelepth (CTD) sampling measured hydrographic data assigned to each trawl
within the constraints thathe CTD castvas made withir8 hours of the start ohe trawl and within 3
nautical miles of thenidpoint of thetow path(Politis et al. 2014)Tow pathsarealongbathymetric
contours. Each standard tow2i8 minutes from winch brake set to beginning of haullzadk0 kts
speedoverground with wireout length set based on Standard NEFSC Scope(Palilis et al. 2014)

The NEFSC trawl survey is conducted only pri8g (March) and Fall (October) after summer and
winter surveys were discontinued in 1999. Although the earlier winter and summer surveygeateiser
theERDDAP, they are not analyzed here based on findings of temporal chan§edisee3.2 Data
Parsing. Additional details are provided iPolitis et al. (2014)

3.1.4.2 NJDEP Trawl Survey

New Jerseyas conducteills own surveysince 1988The surveydoes not extenthrough theentirestudy
areaAlthoughthe southern boundary is just slightly beyond that of the study area (east of Deltweare)
study aea is bounded northward at latitude 47.49(the apex of the NYB at the entrance to Hudson

River estuary) Themaximum deptlextends onlyo 30 m.The survey samplespproximately 186

stations per year in a randatratified design of 15 strata. Sampling takes pladeémonths
(approximately30in Januaryand 39 eaclpril, June, Augustand October). The net & 30m, 2-seam

3-taper trawl. Forward netting is 12 cm (4.7 inches) stretch raeshrear netting is 8 cm (3.0 inches) and

is lined with a 6.4 mm (0.25 inch) bar mesh liner. Afdthom groundwire with rubber cookies extends
between the doors. The waamddoors were changed to steel doors and net monitoring acoustic gear was
added in 2015Trawls are 20 minutes from winch brake set to beginning of haulback at about 3 kts.
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3.2 Data Parsing
3.2.1 Purpose

Parsingeduce the availabldrawl survey and relateehvironmental data sets subsets focused spatially
on the NYB and anstrained to depth of interest.

3.2.2 Method

A low-level pass of parsinfish distribution datdior analysids achieved by choice of BFSCvs. NJDEP
surveys becaudbe (edera) NEFSCsurvey does not extend into State wa(éigures 3, 4. However,

the (Statg NJDEPsurveydoesextend into Federalaters Manyof the physical factor data sets do not
have political boundaries. Thtudy areavas defined on the basis of proximity to gtereline (3

nautical mile Statevaters line), a northern and southern exterlebijude, and an offshore extent on the
basis of the 5@n contour. This shape was used to constrain the parsing of data sets that do not have
bathymetry. In generafterthe fish survey samples in the area were extracted, the [time, X, y] data was
used to extract its match froemvironmentataster data, and that searched data does not need to be parsed
first. Scripts (.9.,MATLAB) can remotely access the ERDDAP from anymputer connected to the
internetandexecute the parse actotoretrieve the desired data as a comma sepavatitle (*.csv),

raster, mdab (*.mat), ESRI, or otherformat file, with the exception of data sets that are password
protected.

3.2.3 Results
The constraintset for the NEFSC survey dateere:

Latitude = [8.78 41.5], Longitude ={75.5-71.5], maximum depth 50 m. No minimum depth was set
because shoal tops ghit be among the shallowest depths and are of specific infEeagporal = 2010.

The initial temporal constraint was set at 2005 but was changed to M&@hQL(NEFSCSpring trawl
survey) and October, 2010 or theNEFSCFall survey based on analysi$ latent trends (seBection3.3
Latent Trends Qudification). Datawereavailable for both surveys until annual survey completion for
2019 (10 years).

The NEFSCSpringtrawl survey (2005 2019)provided a data set containing 631 samples.NEESC
Fall trawl survey (2005 2016, 20182019) did not contain any sampleshe stug regionfrom year
2017due to mechanical problems with the survey ve$®¥éliflenry B. Bigeloyv It contaired 605
samples.

The timeconstrainedEFSCSpringtrawl! survey (2010 2019)provided a data set containing 378
samples. (One of these samples waseqloently dropped because it contained nortbedpecies of
interest, se&ection 3.3.33 The timeconstrained Falrawl survey (2010 2016, 20182019)parsing
provided a data set containing 356 sampeglot of the trawl centers f@pring and Faltime-
constrainedurveys relative to the study area and the State/Federal waters demaituatied thap2
appeared to be in State waters but near thedasy(Figure 3); these were retained for analysis because
they are still representative wénds in thestudy area.

Winter and Summer surveys contained only data between 1990 and 1995 and were not spatially
representativef the studyarea. Furthermorehey sampled a period prior to a regime shift shownong-
term trend analysis (sé€ction3.3.3.9 andmay notbe representative of current assemblages and/or
distribution.
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Figure 3. Plot of central trawl sample positions of the 50-m time-constrained Fall and Spring
NEFSC trawl surveys relative to the State/Federal waters boundary line and the 50-m contour
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Figure 4. Plot of central trawl sample positions of the NJDEP Ocean Stock Assessment survey
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3.2.4 Parsing Products

The spatial constraintsereprovided as two ESRI shapefileme bounded at the 30 isobathandthe
otherat the 56m isobath (se&igure 1). The MATLAB script for data handling and graplgnincluding

for following sectionsyeresubmitted as electronic file(s) (*.n)r use by BOEMParsed subsetwre
submitted on diskRecords for all species collected are retained in the parsed data set and coatribute t
calculations of richness, even if they were dropped from subsequent trends analysis.

3.3 Latent Trends Quantification
3.3.1 Purpose

Quantificationandgraphical presentation of latent trermsvidesan overall view otemporal and spatial
fish and invertebrate disbutionin the study area

3.3.2 Method

Latent trends or patterns are the naturally observed distributions or groupings in space or timadhat are
constrained to be statistically related@ankedrelativeto any underlying environmental variables. They

are important as the baseline to whieliation explained by included factqranonicalariation) is
compared. For example, two species that share a common modal temperature of occurrence will group
togeher in a constrained ordination but might never actuaHgamur in a habitat because of seasonal
separation (one i8pring and one iffrall). In another example, a latent shift in sample similarity across
years will warn of regime shifts that make earparts of the data less reliable for the assessment of
current risk. Faunal (fish and invertebrate assemblaga®examined byprincipalcomponent analysis
(PCA), an iterative multiple regression based ooturrence in trawl sampleBCAreduces the
dimensionality of many variables (speciesid extracts and ranks ttrendsby strength ofatent

explained varianceSpecies were centered and standardized to unit varidimoer. (subsequent) axes in
PCA can become trivial or redundant. Although théaeis vay unlikely in speciesich data sets,

Hor nds Par testwite 300 rAshudflesyasdialpha = 0.05 was used to suggest retérdaasma

and ValereMora 2007) Similarly, the trawl samples are grouped based on the species (and numbers
thereof) that they share, which reveals habitat differences as voted on by fauna unbiased by what the
observer has measured in terms of physical habitat varig#@ldswas performed in Canocdter Braak
and Gmilauer 2012)

3.3.3 Results
3.3.3.1 Richness and Relative Abundance (NEFSC)

Theinitial Springtrawl survey data represexd 92 species, while thimitial Fall trawl survey data
represerdgd 167speciegTable 4). The union of the two sets represent®d speciesThere werer6
species common to bostirveys. There werg6 species unique to the Spriagrvey and®1 species
unique to the Falurvey (Table 4).

3.3.3.1.1 A Note on Sand Lance Records

All sand lance colleted in the NEFSC data set were identified as Northern Sand Lameceddytes

dubiug (speciesode 181). All sand lance collected in théDEPsurvey which uses the same species

code keywere identified as American Sand Lanée &dmericanuy code 181 ithe metadatésee

Section 3.3.3)6 Codes 181 and 734 are reversed in the two keys. An email exchange with the respective
listed point of contact affirmed the validity of these cegecies assignments and catch
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Table 4. Abundance and frequency of occurrence for fish and invertebrate species collected in NEFSC trawl surveys in the study

Spp Code is the numerical code used by NOAA/NMFS (and also NJDEP) as a proxy for the species name. It is provided as a lookup reference for figures below
and other literature. Abundance and frequency of occurrence (FOO) are shown separately for Spring and Fall, and Total of the time-constrained data set; species
listed without those values occurred only previous to 2010. Species in boldface were included in PCA and canonical correspondence analysis (CCA) analysis (see
Section 3.3.3.2 and further). Contribution Code classifies species for use in justifying inclusion in subsequent assemblage analysis (see Section 3.3.3.2). An
important species may not be included in PCA/CCA because it is not well sampled by trawl (e.g., Surfclam). A = supports a substantial fishery in the MAB; B =
supports a substantial fishery elsewhere or cumulative with the MAB, mutually exclusive with A; C = species of concern; D = important forage species; E =
potential sand indicator species; F = not effectively sampled by trawl). Affiliation Guild refers to regional affiliation relative to the MAB as extracted from the
literature (see companion Volume 1). Unclassified Taxa (Uncl.) could include several species with different ranges that were not classified.

Spp Common Name Contribution | Spring Spring Fall Fall Total FOO Total Affiliation

Code Code FOO Abundance | FOO | Abundance Abundance Guild
13 Smooth Dogfish B 5 6 348 1,792 35.3 1,798 Southern
15 Spiny Dogfish A 397 19,263 79 878 47.6 20,141 Broad
19 Bullnose Ray C 0 0 56 312 5.6 312 Broad
23 Winter Skate A 303 3,027 122 2,580 42.5 5,607 Northern
24 Clearnose Skate B 7 7 201 2,047 20.8 2,054 Southern
26 Little Skate A 375 50,659 301 24,635 67.6 75,294 Southern
31 Round Herring D 0 0 124 45,396 124 45,396 Broad
32 Atlantic Herring AD 249 40,455 19 706 26.8 41,161 Northern
33 Alewife B 176 5,553 1 1 17.7 5,554 MAB
34 Blueback Herring B 137 1,397 4 6 14.1 1,403 MAB
36 Atlantic Menhaden A 7 2,176 29 139 3.6 2,315 MAB
43 Bay Anchovy D 3 33 98 14,322 10.1 14,355 Broad
44 Striped Anchovy D 0 0 53 8,999 5.3 8,999 Southern
72 Silver Hake A 280 55,580 179 12,176 45.9 67,756 Northern
74 Haddock B 1 1 19 265 2 266 Northern
77 Red Hake BE 171 1,079 37 393 20.8 1,472 MAB
78 Spotted Hake BE 278 11,227 296 9,066 57.4 20,293 MAB
103 Summer Flounder AE 212 834 304 3,459 51.6 4,293 MAB
104 | Fourspot Flounder B 53 346 163 1,423 21.6 1,769 Broad
105 Yellowtail Flounder B 81 455 4 4 8.5 459 Northern
106 Winter Flounder B 245 2,495 95 806 34 3,301 Northern
108 | Windowpane B 316 2,737 288 2,926 60.4 5,663 Northern
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Spp Common Name Contribution | Spring Spring Fall Fall Total FOO Total Affiliation
Code Code FOO Abundance | FOO | Abundance Abundance Guild
109 Gulf Stream Flounder E 57 983 116 2,143 17.3 3,126 Broad
117 Smallmouth Flounder E 45 308 30 178 7.5 486 Southern
121 Atlantic Mackerel A 91 4,159 12 24 10.3 4,183 Northern
131 Butterfish A 59 6,524 271 79,146 33 85,670 Northern
135 Bluefish A 0 0 160 1,509 16 1,509 Broad
136 | Atlantic Croaker B 1 1 109 12,526 11 12,527 Southern
139 | Striped Bass A 45 281 6 233 5.1 514 MAB
141 Black Sea Bass A 69 283 264 4,306 33.3 4,589 Southern
143 | Scup A 28 4,607 241 118,010 26.9 122,617 MAB
145 | Weakfish B 3 3 124 4,602 12.7 4,605 MAB
146 Northern Kingfish B 0 0 82 632 8.2 632 MAB
149 | Spot B 0 0 71 14,833 7.1 14,833 Southern
171 Northern Searobin B 187 2,305 288 67,632 47.5 69,937 MAB
172 | Striped Searobin B 20 62 214 2,308 23.4 2,370 MAB
181 Northern Sand Lance D 50 550 23 289 7.3 839 Northern
193 Ocean Pout C 123 647 11 19 13.4 666 Northern
196 Northern Puffer B 0 0 135 1,366 13.5 1,366 Southern
197 Goosefish A 57 124 25 a7 8.2 171 Northern
211 Round Scad D 0 0 38 253 3.8 253 Broad
212 Rough Scad - 0 0 63 448 6.3 448 Southern
301 American Lobster A 40 195 84 278 12.4 473 Northern
313 Atlantic Rock Crab A 349 1,385 215 997 56.4 2,382 Northern
317 | Spider Crab Uncl. 13 36 60 171 7.3 207 -
318 Horseshoe Crab B 100 296 103 338 20.3 634 Broad
401 | Sea Scallop A 109 3,549 134 15,768 24.3 19,317 Northern
503 Longfin Squid A 96 4,476 354 166,700 45 171,176 Northern
652 | Southern Kingfish B 0 0 14 404 1.4 404 Broad
794 Etropus Uncl. E 151 1,140 101 745 25.2 1,885 -

2 Sea Lamprey - 1 1 0 0 0.1 1 Northern
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Spp Common Name Contribution | Spring Spring Fall Fall Total FOO Total Affiliation
Code Code FOO | Abundance | FOO | Abundance Abundance Guild
4 Roughtail Stingray C 0 0 37 57 3.7 57 Broad
9 Sandbar Shark CDF 0 0 2 2 0.2 2 Southern
12 Sand Tiger CDF 0 0 1 0.1 1 Southern
16 Atlantic Angel Shark C 0 0 4 0.4 Broad
18 Bluntnose Stingray C 0 0 15 45 15 45 Southern
21 Atlantic Torpedo C 0 0 0 0 0 0 Broad
22 Barndoor Skate B 6 7 1 3 0.7 10 Northern
25 Rosette Skate C 1 1 0 0 0.1 1 Southern
28 Thorny Skate B 0 0 0 0 0 0 Northern
30 Herring Uncl. - 0 0 0 0 0 0 -
35 American Shad B 37 84 4 9 4.1 93 MAB
37 Hickory Shad D 0 0 1 1 0.1 1 MAB
60 Eel Uncl. - 0 0 0 0 0 0 -
63 Conger Eel B 1 1 19 37 2 38 -
65 Margined Snake Eel - 0 0 0 0 0 0 Southern
73 Atlantic Cod B 28 43 0 0 2.8 43 Northern
75 Pollock B 0 0 0 0 0 0 Northern
83 Fourbeard Rockling - 0 0 2 6 0.2 6 Northern
87 Ling Uncl. - 1 1 0 0 0.1 1 -
100 Pleuronectiformes - 0 0 1 1 0.1 1 -
107 | Witch Flounder B 16 23 0 0 1.6 23 Northern
113 | Atlantic Silverside B 41 73 0 0 4.1 73 MAB
115 | Threespine Stickleback - 0 0 0 0 0 0 Northern
116 Northern Pipefish - 5 5 0 0 0.5 5 MAB
118 Hogchoker - 0 0 1 1 0.1 1 Southern
123 Bonito Atlantic BF 0 0 1 1 0.1 1 Broad
124 | Chub Mackerel B 0 0 4 5 0.4 5 Southern
126 | Atlantic Cutlassfish - 0 0 5 7 0.5 7 Southern
129 Blue Runner B 0 0 16 45 1.6 45 Broad
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Spp Common Name Contribution | Spring Spring Fall Fall Total FOO Total Affiliation
Code Code FOO Abundance | FOO | Abundance Abundance Guild
132 Atlantic Moonfish - 0 0 61 107 6.1 107 Southern
133 Lookdown - 0 0 0 0 0 0 -
134 | Bigeye - 0 0 0 0 0 0 -
142 Pigfish - 0 0 0 0 0 0 Southern
147 Black Drum B 0 0 0 0 0 0 Southern
148 Silver Perch - 0 0 0 0 0 0 Southern
160 Sculpin Uncl. - 0 0 0 0 0 0 -
163 Longhorn Sculpin - 57 237 1 1 5.8 238 Northern
164 Sea Raven - 40 54 12 16 5.2 70 Northern
166 Grubby - 0 0 0 0 0 0 Northern
168 Lumpfish - 0 0 0 0 0 0 -
170 | Atlantic Seasnail - 15 33 0 0 15 33 Northern
174 | Searobin Uncl. - 0 0 0 0 0 0 -
175 | Flying Gurnard 0 0 3 5 0.3 5 Southern
176 Cunner - 3 29 4 11 0.7 40 Northern
177 | Tautog A 4 7 9 11 13 18 Southern
179 Northern Stargazer F 2 2 6 7 0.8 9 MAB
180 Rock Gunnel - 0 0 0 0 0 0 Northern
187 Red Goatfish - 0 0 8 13 0.8 13 Broad
188 | Striped Cusk Eel F 9 14 18 104 2.7 118 MAB
191 | Wrymouth - 1 1 1 2 0.2 3 Northern
195 Smooth Puffer - 0 0 0 0 0 0 Broad
198 | Striped Burrfish - 0 0 3 7 0.3 7 Southern
201 Planehead Filefish 0 0 0 0 0 0 Southern
202 | Gray Triggerfish - 0 0 1 1 0.1 1 Southern
203 | Greater Amberjack F 0 0 0 0 0 0 -
204 Banded Rudderfish F 0 0 4 4 0.4 4 Broad
205 | Atlantic Saury F 0 0 2 3 0.2 3 Northern
208 Mackerel Scad - 0 0 0 0 0 0 -
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Spp Common Name Contribution | Spring Spring Fall Fall Total FOO Total Affiliation
Code Code FOO | Abundance | FOO | Abundance Abundance Guild
209 Bigeye Scad - 0 0 2 2 0.2 2 Southern
213 | Silver Rag - 0 0 0 0 0 0 -
249 Lumpfish Snailfish i 0 0 0 0 0 0 -
Uncl.
270 | Cownose Ray C 0 0 5 116 0.5 116 Broad
287 | Sevenspine Bay i 2 4 0 0 0.2 4 Broad
Shrimp
296 Bristled Longbeak - 5 13 1 1 0.6 14 Northern
305 | Shrimp Uncl. - 50 29 3 2 5.3 31 -
307 | Shrimp i 2 1 2 37 0.4 38 -
Pink:Brown:White
311 Cancer Crab Uncl. - 0 0 0 0 0 0 -
312 | Jonah Crab A 41 58 41 137 8.2 195 Broad
314 Blue Crab B 4 4 18 28 2.2 32 Southern
316 Brown Rock Shrimp - 0 0 0 0 0 0 -
319 Galatheid Uncl. - 0 0 1 1 0.1 1 -
320 Swimming Crab Uncl. - 0 0 2 2 0.2 2 -
321 | Coarsehand Lady Crab - 2 2 10 13 1.2 15 Southern
322 Lady Crab - 9 19 32 74 4.1 93 Southern
323 Mantis Shrimp Uncl. - 2 2 2 2 0.4 4 -
358 | Tiger Shark CF 0 0 1 1 0.1 1 Southern
375 | Spiny Butterfly Ray C 0 0 15 19 15 19 Southern
376 Smooth Butterfly Ray C 0 0 0 0 0 0 Southern
380 | Atlantic Sturgeon C 3 4 1 1 0.4 5 Broad
390 Conger Eel Uncl. - 7 7 8 9 1.5 16 -
403 | Atlantic Surfclam AF 9 82 2 3 1.1 85 Northern
421 Pipefish Seahorse i 12 15 8 9 2 24 -
Uncl.
425 Snake Eel Uncl. - 1 1 0 0 0.1 1 -
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Spp Common Name Contribution | Spring Spring Fall Fall Total FOO Total Affiliation
Code Code FOO | Abundance | FOO | Abundance Abundance Guild
428 | Opisthonema Oglinum 0 0 19 131 1.9 131 Southern
(Atlantic Thread BD
Herring)
429 | Spanish Sardine D 0 0 5 5 0.5 5 Southern
435 Inshore Lizardfish - 0 0 40 114 4 114 Southern
439 | Snakefish - 0 0 1 4 0.1 4 Southern
458 Blotched Cusk Eel - 1 1 3 3 0.4 4 Southern
461 | Cusk Eel Uncl. - 0 0 0 0 0 0 -
489 Red Cornetfish - 0 0 0 0 0 0 Southern
490 Cornetfish Uncl. - 0 0 30 39 3 39 -
492 Lined Seahorse C 0 0 0 0 0 0 MAB
501 | Squid: Cuttlefish: And i 0 0 1 1 0.1 1 -
Octopod Uncl.
502 Northern Shortfin Squid A 0 0 10 53 1 53 Northern
504 | Atlantic Brief Squid - 0 0 0 0 0 0 -
506 | Bobtail Uncl. - 142 855 1 2 14.3 857 -
526 Bank Sea Bass - 0 0 0 0 0 0 -
527 Rock Sea Bass - 0 0 0 0 0 0 -
541 Gag B 0 0 1 1 0.1 1 Southern
556 | Glasseye Snapper - 0 0 1 1 0.1 1 Southern
557 | Short Bigeye - 0 0 0 0 0 0 Broad
564 | Sharksucker - 0 0 1 1 0.1 1 Southern
567 Remora - 0 0 0 0 0 0 -
570 Crevalle Jack - 0 0 0 0 0 0 Southern
579 Florida Pompano - 0 0 1 1 0.1 1 Southern
582 | Jack Pompano Uncl. - 0 0 0 0 0 0 -
584 | Dolphnfish B 0 0 1 1 0.1 1 Southern
620 Barracuda Uncl. - 0 0 1 3 0.1 3 -
640 Pinfish - 1 1 8 22 0.9 23 Southern
651 Banded Drum - 0 0 1 1 0.1 1 Southern
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Spp Common Name Contribution | Spring Spring Fall Fall Total FOO Total Affiliation
Code Code FOO | Abundance | FOO | Abundance Abundance Guild
657 Dwarf Goatfish - 0 0 5 0.5 5 Southern
662 Spotfin Butterflyfish - 0 0 1 0.1 1 Southern
694 Northern Sennet - 0 0 16 31 1.6 31 Southern
699 | Southern Stargazer - 0 0 0 0 0 0 -
739 | Goby Uncl. - 0 0 0 0 0 0 -
743 Little Tunny B 0 0 1 1 0.1 1 Southern
744 King Mackerel B 0 0 1 2 0.1 2 Southern
745 Spanish Mackerel B 0 0 5 6 0.5 6 Southern
770 Bighead Searobin - 0 0 0 0 0 0 -
773 Righteye Flounder i 0 0 0 0 0 0 -
Uncl.
795 Lefteye Flounder Uncl. - 0 0 0 0 0 0 -
820 | Filefish And Triggerfish i 0 0 1 1 0.1 1 Southern
Uncl.
831 Unicorn Filefish - 0 0 1 1 0.1 1 Southern
843 Marbled Puffer - 0 0 3 3 0.3 3 Southern
851 | Anchovy Uncl. - 0 0 0 0 0 0 -
861 Puffer Uncl. - 0 0 0 0 0 0 -
865 | Silver Anchovy - 0 0 1 1 0.1 1 MAB
866 Flounder Whiff Uncl. - 0 0 0 0 0 0 -
877 Lesser Amberjack - 0 0 0 0 0 0 Southern
913 Brown Shrimp B 0 0 0 0 0 0 -
925 | Thresher Shark BF 0 0 0 0 0 0 Broad
950 Loggerhead Seaturtle C 0 0 1 1 0.1 1 Broad
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The FOOof species was inspected relative to the abundance of speciear(siormed) for the Spring

and Fall surveys independently. In both cases, species that occurred infrequently also occurred in low
abundance with many represented as singleftaisl€ 4, Figure 5). However, species that occurred
frequently might still occur in relatively low abundance while others were abundant or hyperabundant.
Schooling species of the larger herring group (clupeiforms) were a prime example such hyperabundant
species. Notdb large collectionsncludal those ofAtlantic Herring in the Spring, Round Herring in the
Fall, and Bay Anchovy in both seasofislle 4, Figure 5.
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Figure 5. Individual species abundance relative to their frequency of occurrence in the initial data
set

3.3.3.2 Trend in Fisheries Resource Contribution (NEFSC)

Managed species contributed roughly a third of the collected species with 61 managed (i.e., contribute to
a fishery), 21 of which contribute importantly within the NYB or MABable 4,see alsd&Gection 5
FishingActivity Data). Trawl samples included nine species of concern, nine important forage species,
and six potential indicators species based on life history,tsaith as burial or chemosensory barbels.
Theset also included species that are not typically well sampled by bottom trawl, such as Little Tunny or
Dolphinfish. These were excluded from further analysis even if they were economically or ecologically
important.

Of 183 taxa, 56 were affiliated withiterly origin or spawning grounds, meaning that they recruited to
the NYB as larvae or migrated into it during the warmer morithblé 4). Another 35 were affiliated
with northerly spawning areas or retreated north during warmer months. The MAB dslihesbelk of
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the population for 20 taxa, even though penetrations regularly occur to theengri@ssachusetts) or
south(e.g.,South Carolina). Another 25 are broadly distributed with ranges as wide as from Nova Scotia
to Argentina. The remainder weeeither unknown or were not classified because they could include
multiple species with different ranges.

3.3.3.3 Long-term Trend (NEFSC)

An initial PCA to inspect temporal trendsed a partiadpeciesiata set to prevent episodic occurrences

of rarespecies from driving the ordination because there is little confidence that the true abuhdance o
rare speciedistribution is represented by the survey. Species occurring less than 28 times (2 times a year
on average) were removed. Additionaliyisodicdy hyperabundanétlantic Herring were removed to

prevent then fromdriving thetemporalordination. The abundance of species retained for PCA was
recalculated a€PUEas divided by the area swept by the trawl for the sample in which they were
collected.Trawl swept area was not available until 2009 and was additionally missing for samples in

other years. Missing swept area data were replaced by the seasonfdmiigiaranalysisCPUE was
transformed as In(CPUE+1). geparate Spring and Falhnual samp was then calculated as the mean
transformed CPUE across alasonasamples of that year and submitted for PCA.

In both Spring and Fall analgs the first principal componenprincipal omponent {PCJ), explained

22% and 260 of the varianceespectiely. Sample score trend across time appetrdsk anonrandom

trend fFigure 6). Sample scores were subjected to breakpoint analysis, which minimizes the sum of the
residual squared error of the slope, mean standard deviation, or root mean squareeacbmeagion

from its local mean (MTLAB function findchangepoints.mBreakpoint analysis usingean square
deviation of score, mean score, and change of line slagpenean togetheil foundtwo regions

difference, cut between 2007 and 2@88eAppendix A for plots of breakpoint analysis using linearity

and mean)The change among score value after 2009 was more similar after 2010 and especially after
2016, but still dynamicThe variance was reflected in sum CPUE and was driven by a magnighee hi
CPUE of several forage fish speciBegardless of fiether this change reflected a change in sampling
practice, fishing, or environment, it is clear that samples previous to 2009 represent a diffedléitn

than those in 2009 and after. Additidgatecording practices were changed in 2G®reflected in the
metadata. To allow any of theddferences timeo becomewell established and to constrain the data set
to a manageable size and recent relevance, the data setneaded prior to 201fr further ordination
analysis
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Following temporal parsing, species that were of no or low economic value in the MAB or elsewhere, as
represented by a management plan, were exclessdif they were abundarg.§.,Bobtail) unless they

were deemed to be indicator species for sand hdifaiteed on close life history connections with

substrate, such as burying or having cheemaitive feelers (sééolume 1 Literature Synthesisand
Knowledge Gap$. Species uncommon in the trawl survey (Total FFO < 1.4 per year and Total
Abundance €200) were not included in assemblage analysissome were treated individuallg.g.,

Atlantic Surfclam, Ocean Quahog, Atlantic Sturgedie decision process is picturedrigure 7. The

effect of this on species representation is providédlile 2. A single sample was eliminated as a result

of having no species of interest.

Speciesin

Trawl
Survey
~ Common . Yes " Managed
. inArea? . Species?
" Indicator . No - ' Forage
~_ Species? -~ ~._ Species?
S~ Yes Yes
No \‘
/" Excluded from \‘-‘I Included in

Analysis Analysis

Figure 7. Decision tree for inclusion of species in assemblage analysis

3.3.3.4 Latent Assemblage Structure (NEFSC)

Thetime-constrainedpringtrawl surveyrepreserad 75 species Table 2). Thetime-constrained-all
trawl survey represeptl 127 speciesThe union of the two sets represent@d speciesThere weres5
species common to both seasaa/eys. There werg0 species unique to the Spriagrvey ands2
species unique to the Fallrvey.

Patterns for species FOO relative to the abundance were not substantially changed as a result of the
parsing Figure 5).

Analysis of the combined Spring and Fall samples (n = 733) yielded a total sum of squares gerespon
data = 380.84050 and total standard deviation TAU (after centering/standardization) = 0.101938. The first
principalcomponentxis explained 26% of the varianceAdditional explained variance lewaiff after

the second principal componewtth 8.7 % explainedTable 5). (Note: Trends are ranked by their

strength, which is the percent of the total variance that each explains, also called the eigenvalue of that
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component. Thus, there is greater confidence in the projected position of samples diosighiaa
second and successive components or axes.)

Parallel analysis suggested thatfailr computedprincipal componentare nontrivial and could be
retained. The first two are examined in detail. Scores for'tlan8 4" are provided irAppendix A.

Table 5. Summary results of PCA of NEFSC trawl survey (20107 2019) Spring and Fall combined

Total
Statistic Axis1l | Axis2 | Axis3 | Axis 4 Variance
Eigenvalues 0.262 0.087 0.061 0.057 1.000
Cumulative percent variance 26.2 34.9 40.9 46.6 -

The firstprincipalaxis (PC1)clearly differentiated a seasorfi@mporal) trendand the overlap of

similarity between Spring and Fall samples were largely resolved along the second mode of variation so
that only abousevensamplesvould be seasonally ambiguoas the basis of species conterig(ire 8).

This overlap and differentiation along the second, weaker axis owes to a spatial trend (see below).

Speciedlifferentiating Spring samplesiftle Skate, Atlantic Herring, SpinRogfish, Winter Skate,
Alewife, Blueback Herring, Winter Flounder, Red Hake, Silver Hakexe predominantly MAB or
Northern origin guild specig§igure 9).

Consistent with the patternsiiichness and unique species describegeintion 3.3.3.1there were more
species differentiatingall samplegLongfin Squid, ButterfishScup Smooth Dogfish, Black Sea Bass,
Striped Sea Robin, Clearnose Skate, Northern Puffer, Weakfish, Atlantic Croaker, Spot, Northern
Kingfish, and othejs Thesdancludedmembers oNorthern,Southern, MAB, Boad and unknown origin

guilds Samples that overlapped were characterized by having relatively few fauna in general, so that the
norrmigratory Atlantic Sea Scalloulf Stream Floundeand Fourspot Flounder with MAB or

Northern guildaffiliation were the strongest representatives.

American Lobster showed no trend, and StriBads, Northern Sand Lance, Smallmouth Flounder
Goosefish, AtlantidVackerelandSpotted Hake haeklatively weak gradients in relative abundance
(Figure 9). Etropussp.flounders, Horseshoe Crab, and Windowpane did not trend strongly with season
but also were not abundantthe samples that were similar among seasons. This may be interpreted as
spatil segregation (see below and also canonical tresctsor). Coordinates (component scores) for all
samples andpecies are provided lippendix A along with values of fit for each species along each

axis.

3.3.3.4.1 A Note on Interpreting PCA Biplots

Sample (indivilual trawl) scores (amplitudes alomgiltivariategradients of changer principal
components, collectivelgoenospadeare plotted closer or further from eamtherin PCA plots based on
the expected similarity of their catch (species composition) al@ogi@onent axigsimilar to the
expectedoposition along a linearend line of abundance but for many species at ors@articular

species does not have to ocitua particular close sample at all. The expectation, a regression result, is
calculated on the basis that fish that it commonbkpcours with, or shares environment with, do occur in
that sample. Fish are patchy even within their niche environmiémsign of the score-f+ representing

up or down) is arbitrary so thaflgoped imageof a biplotconveyshe same information. Scores from the
first two major trendgprincipal component 1 and 2, PC1 and P@2pectivelygre plotted against each
other lere, allowing sample similarity on two different uncorrelated trends to be viewed simultaneously
The trends in relativicentered and standardizdigh abundance (as CPUE) that account for sample
similarity can be plotteds vector®ver the sampleshe placewhere a sample falls along the increasing
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direction of thespeciedrends §hownby arrowdirection) of the various species indicates the likelihood
that those species typify that sample. It follows that species with opposing or orthogonal werats ar
likely to co-occur in samples, or at least are few in samples where the other is abundant (and vice versa).

{:). ]
~—

0.087

PC2 Eigenvalue

-0.6

-1.0 PC1 Eigenvalue = 0.262 1.0

Spring B Fal

Figure 8. Scatter plot of NEFSC trawl survey sample similarity from PCA

Samples are from 20107 2019 Spring and Fall surveys and are in the same coenospace as the species plot

(Figure 9). Samples in lower left are typified by species appearing in lower left of that figure. Separation of samples

as accounted for by change in species composition (Figure 9) clearly differentiates a seasonal grouping along PC1,
but not along PC2, indicating that species that plot opposite each other along the horizontal axes in Figure 9 have a
strong seasonal trend in abundance while those that differentiate along the vertical axes do not, and must therefore

segregate in response to some other factor (including possibly each other6 s pr &senc e
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Figure 9. Species distribution through sample coenospace from PCA of both Spring and Fall
Analysis included samples from NEFSC Spring and Fall trawl survey, 20101 2019, shown in Figure 8. Vectors point in
the direction of increasing relative abundance of species among samples plotted in Figure 8 with lowest values in the
opposite direction and median at the center. Species vectors are color coded to origin guild. NOAA species codes
and abbreviations replace species name labels for some to improve legibility.

Plotting the sample scores to a map shows latent spatial structure among samples. Sample score values
from PC1 which aligned with seasonal overtuangspatiallymixedbecause both Sipg and Fall

sampling occurred throughout the study area. In contrast, the we@Reshowsn on-offshore (or depth)
trend(Figure 10). Atlantic Scallop, Fourspot Flounder, Goosefish, Gulfstream FloyaddrHaddock

were more likely taccurin deeper samples/hile numerous speci@sespeciallyEtropussp.flounders,
Windowpane American Horseshoe Crab, kingfishes, Spot, and Weékfigtre collected in nearshore
(shallower) samples. These trends are quanifigdicitly in Section 3.4CanonicalTrends).
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Figure 10. Spatial distribution of principal component scores for PC1 (upper) and PC2 (lower)

Dividing the Spring and Fall surveys flurtherindependent scrutiny allows a focus on spatial
occurrence among species given that the seasonal modes are isolated and the interannual trend from
2010 2019 was previously shown to be weak.
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Spring

Spring samples were poorly differentiated overall, WA@lLonly explaining 15% of the total variance
among these samplé$able 6). Parallel analysis suggested thatfallr computed axes are narivial

and could be retained. The first two are examined in detail. Scores fdt dmel 3" are provided in
Appendix A. Total sum of squares in response deég 13608.00000. This quantifiedteendin species
composition with samples on one end of the trend (shown as the left or negative side of the horizontal
axis inFigure 11) being typified byAmerican Horseshoe Crab and Northern Sand Laratlittle ele.
Other samples containedrarying mix ofLongfin Squid, Butterfish, Fourspot Flounder, Silver Hake
SummerFlounder, Black Sea Bad¥orthern Sea Robin, and Silver Hagéctured as a spread along PC2
(vertical axes) with a weak eigenval{ieable 6, Figure 11). Thespecies in those samples that were not
typified by just Northern Sand Lance and Amerietorseshoe Crab evecleaty related to depthout

with two depth mode(at ~25-m and ~ 47m depth)or high PC1 scoreigure 12). PC2explained less
than 10% of the varian@nd showeaho convincingpattern relative to deptinda weakalongshore
gradient with hakes, Windowpane, and Winter Flounder being tymitapeies that were more likely to
occur in samplerorth of the Hudson Shelf Vallé¥igure 13). There was no strong grouping among
Springsamples but rather a gradual tréedmple scattgslot not shown) There was no apparent sorting
of species bwrigin guild within Spring trawl samplepossibly because only species of the northern
origin were well represented.

Table 6. Summary results of PCA of NEFSC Spring trawl survey (20107 2019).

Statistic Axis 1 AXis 2 AXis 3 AXxis 4
Eigenvalues 0.1544 0.0961 0.0793 0.0628
Cumulative Percent Variance 15.44 25.02 32.45 38.73

30



0 -
)
Rea;h&fie Little skate
1 108
Winter flounder 4
[ Alewife
~— %ﬁ'op us m_.-" i~
O SPDngfhake
) Silver hake
o Smae’e’mou;hﬂf unq’e? / mre} skam
© 313 35
1 / ‘/ EGE:-HE-:?
m I.:. '
E 139° 7 Ocean pout
© 317 |/ A No. searobin
3 ___wiVo.
E \Horseshoe crab g/ ___——— —wBlack sea basy
o) i v a’.i'::{r: — —-Summer flounde
No. san e y e
. Q'J Clearnose skazb\ . 13— St iped searobin
LL] -~.Az‘ F‘ie}}mg =
I 5 Goosefish
oN cup
O 13: Smooth Dogfish 2109-x 194
al 36: Atl. Menhaden SR psterfioh
104: Fourspot Flounder . i
) Sea scallop ™
105: Yellowtail Flounder y Lerel A _
7 108: Windowpane . mackerel Longfin squid
109: Gulfstream Flounder Spiny dogfish
139: Striped Bass ’
(9 317: Spider Crab uncl.
=) 313: Atl. Rock Crab
T
-0.4 PC1 Eigenvalue = 0.1544 0.8
Species

—  Northem

— MAB —=  Broad —  Unknown

—=  Southem

Figure 11. Species distribution through sample coenospace from PCA (Spring only)

Analysis included samples from NEFSC Spring trawl survey, 20101 2019. Vectors point in the direction of increasing
relative abundance among samples and can be understood to decrease in the opposite direction. Species vectors are
color coded to origin guild. NOAA species codes and abbreviations replace species name labels for some to improve

legibility.
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Figure 13. Spatial distribution of principal component scores for PC2 (NEFSC Spring trawl survey)
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Fall

Although there were more species in Fall samples, PCA revealed a similan pétigotal sum of
squares in response data 5782.00000 and similar distribution of explained variance among principal
componentsTable 7, Figure 14.). Parallel analysis suggested thatfallr computed axes are ndrivial

and could be retained. Thiest two are examined in detail. Scores for tHeaBd 4" are providedn a

digital file. During Fall, spatial distribution relative to deptlas pronounced alorC1(Figure 14), with
negative (left side) scores being associated with deeper sathgleecond axi@C2)corresponded to a
latitudinal trend Eigure 14, 15, 16). Atlantic Croaker, Bullnose Ray, Clearnose Skate, Spot, Weakfish,
Northern PufferandStriped Searobin we among the strongest associated with samples taken from
shallow inshore watersvhile Atlantic Sea Scallop, Gulfstream Flounder, Fourspot Flounder, and Little
Skate most strongly associated with the despaplesigure 14).

Table 7. Summary results of PCA of NEFSC Fall trawl survey (20107 2019)

Statistic Axis 1 AXis 2 AXxis 3 Axis 4
Eigenvalues 0.1653 0.0955 0.0672 0.0547
Cumulative Percent Variance 16.53 26.08 32.80 38.27
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Figure 14. Species distribution through sample coenospace from PCA (Fall only)

Analysis included samples from NEFSC Fall trawl survey. Vectors point in the direction of increasing relative
abundance among samples and can be understood to decrease in the opposite direction. Species vectors are color
coded to origin guild. NOAA species codes and abbreviations replace species hame labels for some to improve
legibility.
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3.3.3.5 Scale Reduction

Spatial scale reduction examingketherfishes and invertebrates distribution is better explained by
narrowly defined (micro) habitats or by larger areas that include possibly fragmented habitats (habitat
mosaic)or frequent events$Scale reduction of thHEFSC trawl survey was achieved by assigning each
sample to a common grid 6f1-degredongitude and latitude and averaging the catch (CPUE) for all
samplescross year® the nearest neighbor grid node. Spring and Fall surveys were treated separately.
PCA was repeated on thescaleddata setising the same data treatment protocol as before.

Despite the lower sample size, explained variance was mardinalgderatelymproved on both of the
first two major axes for both Springotal variation = 1308.000 and Fall(total variation = 850.000)
(Table 8, 9. Increased spatial coherence (compared to the original PCAS) is evident when plotting first
and second axes scores to the mapoth latitudinal andffshoreflepth gradientéFigures 17, 18).
Largescalehabitat features or regionadncentrations of smaller scale habitat feataresaor more
importantthanthoseseenexplicitly duringwhena sample was takeBcores of aggregated Sprimgwls

for PCI suggest a regional latitudinalpatten with similar assemblagesf the Hudson River estuary

and at the entrance to Long Island Souwnwidije the PC2 scores show a trend with depth/distance off
shore Figure 17). In Fall, the depth trend is strengthened for R@iile the alongshore trend (or
bimodality) is strengthened along PG2dgure 18). Thus, regional scale is more important to structuring
distribution in Springwhile depth is more important in Fall, possiblyedo a restructuring of

hydrography (se€edion 3.3.3.3 A complete scaling study would approach this through iterative
resampling to find the scale of maximum explained variance and consider the rescaling of underlying
(canonical) variation as welbee Mashintonio et al. 2014 addlume 1: Literature Synthesis and
Knowledge Gap3.

Table 8. Summary results of rescaled PCA of NEFSC Spring trawl survey (20107 2019)

Statistic Axis 1 AXis 2 AXxis 3 Axis 4

Eigenvalues 0.1794 0.0982 0.0717 0.0595

Explained Variation (Cumulative) 17.94 27.76 34.93 40.88
Table 9. Summary results of rescaled PCA of NEFSC Fall trawl survey (20107 2019)

Statistic Axis 1 AXis 2 Axis 3 Axis 4

Eigenvalues 0.2322 0.1243 0.0534 0.0521

Explained Variation (Cumulative) 23.22 35.65 40.99 46.20
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Figure 17. Spatial distribution of principal component scores for rescaled PC1 (left) and PC2
(right) (NEFSC Spring trawl survey)
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Figure 18. Spatial distribution of principal component scores for rescaled PC1 (left) and PC2
(right) (NEFSC Fall trawl survey)

3.3.3.6 Richness and Relative Abundance (NJDEP)

A total of 201 taxa were classified MUDEPsurvey datavithin the study area from 2010 to 201%8&3
samples) Table 10). More than half of these (57%, 115 taxa) were in common with the NEFSC data for
the same perigdvhile 86 were unique to tieéJDEPsurvey [able 10). Species unique to ti¢JDEP

survey included those that are closely related to insharkespecially estwing waters €.g.,White

Perch, Silver Perch, Black Drum, Gizzard Shad) onal@appear to be counted in the NEFS@&vey
(e.g.,Sand Dollar). Lower level classificatioa.§.,Common Spider Crab vs. Uncl. Spider gralso

account for some of the difience. The occurrence of rare species ilfNlBIBEPbut not NEFSC samples
can be accounted for by rarefactitimere were 33 speciesith just 1 or2 occurrences over 10 years
(Table 10. There were 22 taxa in tMEFSCsurvey that were not collected iretNJDEPsurvey

(Table 11).
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Table 10. Species list, frequency of occurrence (FOO), and abundance in constrained NJDEP
survey

Species in Bold were unique to the NJDEP trawl survey. Species codes used by NJDEP are the same for NEFSC.

Species S?:icalgs FOO Abundance
Atlantic Herring 32 417 NaN
Bay Anchovy 43 553 2.36E+06
Butterfish 131 958 4.06E+05
Longfin Squid 503 1,152 3.78E+05
Northern Searobin 171 846 3.24E+05
Striped Anchovy 44 303 2.65E+05
Scup 143 746 2.07E+05
Weakfish 145 478 1.72E+05
Spotted Hake 78 1,041 1.01E+05
Little Skate 26 1,208 76391
Spot 149 212 71857
Round Herring 31 108 70453
Atlantic Croaker 136 321 53830
Clearnose Skate 24 950 49914
American Sand Lance 181 226 45424
Spiny Dodfish 15 574 36250
Sliver Hake 72 573 28339
Windowpane 108 1,360 28160
Bluefish 135 451 27004
Silver Perch 148 151 26340
Southern Kingfish 652 284 24416
Atlantic Moonfish 132 244 22062
Smooth Dogfish 13 786 21571
Uncl. Sand Dollar 330 535 18867
Blueback Herring 34 365 15833
Lady Crab 322 487 15638
Black Sea Bass 141 660 11930
Winter Skate 23 755 11754
Northern Kingfish 146 529 11596
Summer Flounder 103 1157 10856
Horseshoe Crab 318 636 10394
Atlantic Silverside 113 193 9307
Alewife 33 316 9202
Dusky Anchovy 859 65 8694
Striped Searobin 172 670 8044
Rough Scad 212 227 7425
Rock Crab 313 825 6956
Atlantic Menhaden 36 271 6502
Bullnose Ray 19 418 6145
Winter Flounder 106 571 6120
American Shad 35 258 5109
Common Spider Crab 317 600 4695
Smallmouth Flounder 117 576 4108
Uncl. Skate 20 399 3755
Brief Squid 504 115 3752
Red Hake 77 222 3621
Northern Puffer 196 319 3113
Chub Mackerel 124 40 2916
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Species

Species FOO Abundance
Code
Atlantic Mackerel 121 109 2872
Uncl. Starfish 332 422 2622
Uncl. Sea Urchin 331 111 2097
Gulf Shrimp (pink, brown, white) 307 131 1886
Blue Crab 314 214 1843
Shortfin Squid 502 68 1689
Striped Bass 139 253 1605
Hogchoker 118 118 1201
Round Scad 211 125 1166
Surf Clam 403 139 1147
Northern Sand Lance* 734 5 814
Northern Moon Snail 348 189 807
Northern Pipefish 116 91 704
Tautog 177 116 662
Northern Sennet 694 123 636
Cownose Ray 270 48 633
Fourspot Flounder 104 162 632
Roughtail Stingray 4 208 623
Uncl. Swimming Crab 320 76 606
Inshore Lizardfish 435 156 602
Banded Drum 651 31 477
Atl. Thread Herring 428 48 469
Striped Cusk Eel 188 69 443
Southern Stingray 29 28 433
Blue Runner 129 96 415
Knobbed Whelk 337 124 411
American lobster 301 145 380
Striped Burrfish 198 91 327
Bigeye Scad 209 36 303
Sea Scallop 401 60 295
Ocean Pout 193 75 247
Jonah Crab 312 91 229
Black Drum 147 59 227
Spiny Butterfly Ray 375 105 215
Pinfish 640 65 198
Lobed Moon Snail 349 76 194
Dwarf Goatfish 657 76 189
Gizzard Shad 426 27 179
Banded Rudderfish 204 56 167
Harvestfish 749 30 164
Pastel Swimming Crab 321 36 150
Gulf Stream Flounder 109 36 128
Atlantic Sturgeon 380 65 118
Hickory Shad 37 40 117
Channeled Whelk 336 66 102
Spotfin Mojarra 872 38 98
Loligo Egg Mop 520 89 90
Lined Seahorse 492 60 85
Cunner 176 24 77
Rough Scad 122 5 67
Northern Stargazer 179 53 66
Atlantic Cutlassfish 126 26 60
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Species

Species FOO Abundance
Code
Blotched Swimming Crab 516 20 58
Uncl. Calico Crab 315 14 55
Atl. Angel Shark 16 31 49
Atl. Sharpnose Shark 360 21 44
Bluntnose Stingray 18 30 43
Atl. Cod 73 22 40
Conger Eel 63 32 39
Mantis Shrimp 323 13 38
Sea Lamprey 2 19 33
Dusky Shark 3 18 32
Goosefish 197 28 32
Bluespotted Cornetfish 120 22 31
Sheepshead 631 9 30
Threespine Stickleback 115 17 29
Chestnut Astarte 420 19 25
Sand Tiger (Shark) 12 19 23
Spanish Sardine 429 6 22
Uncl. Squid 501 19 22
Thresher Shark 925 19 21
Gray Triggerfish 202 17 19
Striped Mullet 689 9 18
Bigeye (Catalufa) 134 16 17
American Eel 384 4 17
Planehead Filefish 201 15 16
Naked Goby 738 8 15
Sandbar Shark 9 9 14
Red Cornetfish 489 13 14
Witch Flounder 107 8 13
Haddock 74 12 12
Uncl. Moon Snail 338 10 11
Crevalle Jack 570 8 11
Spanish Mackerel 745 8 11
Fourspine Stickleback 488 4 10
Cobia 563 9 10
Blackcheek Tonguefish 825 4 10
Uncl. Ray 5 2 9
Uncl. Octopus 510 8 9
Pollock 75 7 8
Uncl. Hake 80 4 8
Sea Raven 164 8 8
Waved Whelk 344 5 8
African Pompano 568 7 8
Uncl. Dogfish 10 1 7
Spotfin Butterflyfish 662 7 7
Lookdown 133 5 6
Flying Gurnard 175 5 6
Uncl. Shrimp 305 5 6
Tilefish 151 1 5
Red Goatfish 187 5 5
Barndoor Skate 22 4 4
White Perch 140 3 4
Pigfish 142 2 4
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Species

Species FOO Abundance
Code
Longhorn Sculpin 163 4 4
Oyster Toadfish 185 2 4
Dog Whelk 347 3 4
Snakefish 439 4 4
Atlantic Tomcod 453 3 4
Sharksucker 564 4 4
Ridley Turtle 954 4 4
Rock Gunnel 180 2 3
Atlantic Needlefish 471 3 3
Striped Killifish 474 2 3
Remora 567 3 3
Florida Pompano 579 3 3
Permit 580 1 3
Atlantic Spadefish 659 3 3
Bigeye Cigarfish 876 3 3
Green Turtle 951 3 3
Atlantic Bonito 123 2 2
Seasnail 170 2 2
Unclassified Cancer Crab 311 1 2
Margined Seastar 334 2 2
Box Crab Uncl. 339 2 2
Hard Clam 413 2 2
Common Razor Clam 416 2 2
Blotched Cusk Eel 458 2 2
Uncl. Cornetfish 490 1 2
Short Bigeye 557 2 2
Red Drum 654 1 2
White Mullet 690 1 2
Uncl. Combtooth Blenny 733 2 2
Loggerhead Turtle 950 2 2
White Hake 76 1 1
Fourbeard Rockling 83 1 1
Uncl. Flounder 100 1 1
Yellowtail Flounder 105 1 1
Armored Searobin 173 1 1
Smooth Puffer 195 1 1
Greater Amberjack 203 1 1
White Shark 351 1 1
Smooth Butterfly Ray 376 1 1
Speckled Worm Eel 393 1 1
Snowy Grouper 537 1 1
Horse-Eye Jack 571 1 1
Atlantic Pomfret 585 1 1
Bullet Mackerel 701 1 1
Uncl. Goby 739 1 1
Little Tunny 743 1 1
Dotterel Filefish 830 1 1
Uncl. Butterflyfish 855 1 1
Finetooth Shark 928 1 1

*SeeSection 3.3.3.1
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Table 11. Species occurring in the NEFSC but not NJDEP survey of the study area (20107 2019)

Sggc(:;:s Species
25 Rosette Skate
87 Uncl. Ling
191 Wrymouth
205 Atlantic Saury
287 Sevenspine Bay Shrimp
296 Bristled Longbeak
319 Galatheid spp.
358 Tiger Shark
390 Uncl. Conger Eel
421 Uncl. pipefish/seahorse
425 Uncl. Snake Eel
506 Bobtail Squid
541 Gag
556 Glasseye Snapper
584 Dolphin(fish)
620 Uncl. Barracuda
744 King Mackerel
794 Uncl. Etropus flounder
820 Uncl. Triggerfish/Filefish
831 Unicorn Filefish
843 Marbled Puffer
865 Silver Anchovy
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3.3.3.7 Bathymetry

The distribution of isobaths was estimated by an evenly spaced @¥b@samples extracted from the
Atlantic-Cadastral data sdtips://www.boem.gov/cijlasenergy/mappin@nddata/atlantiecadastral

datg on the same Cartesian and depth parameters used to parse the trevigdiad®). Samples were

binned and distribution represented by histograigure 20). The depth distribution of trawl samples

was likewise represented by histogram and compared to the total depth distribigime @1). The

sample distributionsrere similarin that both overrepresented shallow depths with a peak in the

frequency that the 261 bin was sampled about double thatofthis n 6 s r el ati ve represer
latent depth distributignn both cass, a second minor mode was presa@und40 m.
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Figure 19. Rasterized bathymetry of the NYB study area used to calculate depth frequency
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https://www.boem.gov/oil-gas-energy/mapping-and-data/atlantic-cadastral-data
https://www.boem.gov/oil-gas-energy/mapping-and-data/atlantic-cadastral-data
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Figure 20. Latent depth frequency distribution of the NYB study area to 50 m
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Figure 21. NEFSC Spring (left) and Fall (right) trawl sample depth distribution down to 50 m
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3.3.3.8 Hydrography

Hydrographyas characterized by temperature and salidiffered among aggregated (202019)

Spring and Fall NEFSC trawl survey samglégure 22). Bottom temperatures were much warmer in
Fall surveys, ranging fro®.8to 23.9°C with a mean of 17.8C, whilein Spring samplebottom
temperatureanged fron2.6 to 9.4°C with a mean of 5.8C. Stratification was apparent in both seasons,
but more sdn Spring as surface temperatures were similar among Spring ancfratification was
stronger in Spring (during which the Cold Pool is forming,\éeleme 1: Literature Synthesis and
Knowledge Gap$ andmore variable in Fall, when bottom temperatdiféered as much as P& among
samplesSalinity was similarbut for a dozen Fall samples that encountered slightly fresher (29.5 to 31
psu) water.
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Figure 22. Temperature vs. salinity plot from constrained NEFSC Spring and Fall trawl survey

3.3.3.9 Fish Biomass and Richness

The biomass of fish and shellfish species managed éildertic States Marine Fisheries Commission
(ASMFC) for the Mid-Atlantic region(Core BiomassFMP9 plansare interpolated to grid (rasterized)

from NEFSC trawl data survey (Fall 202D16and Spring 201i®017) using inverse distance weighting

by the MarineLife Data Analysis Team Fish v3(Curtice et al. 2019; Ribera et al. 201Bjomass

distribution was calculated individually and for all species summReathness data were also rasterized.
These data are served on the MARCO portal and mirrored through the NYB Sand ERDDAP. A graph of
the summed biomasdsr Fallis reproduced from ERDDAP belowsing thegeographical constraints of
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the study area and scaled to the maximum within the studyFigeae 23). This scale identifies

important variation within the study area that could be hidden by broader regional scaling. Note that
broader scaling is necessaoyunderstand the relative contribution of habitats to biomass in the study area
in terms of cumulative impact. Also, total biom&sweighted by species that are not necessarily tied to
sand features, such as herring®mass forSpringand biomass faall speciegnot just managed specjes

for both Spring and Fall asdso availableBiomasswithin the study arem Fallis concentrated on the

inside of thecontinental shelindespecially near the Delaware Bay and Long Island Sound outlets. The
southen concentratiomoincides with aoncentration of identifiedandresourcesBiomass in Spring

(not shown) is shifted offshore of the-B0contour

)
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Marife-Life Datd and Analysis Tearn Fish Species Core Biomass
Data courtesy of Rutgers University

Figure 23. Cumulative biomass distribution of managed fish and shellfish in the study area

Scale is natural logarithm and unitless as relative concentration. Figure was generated in ERDDAP
https://nybsand.marine.rutgers.edu/erddap/griddap/MDAT_Fish SummaryProducts NEFSC COREBIOMASS.largeP
ng?fish corearea nefsc 2010 END FALL ATL ASMFC FMPs%5B(41.25727):(38.66182)%5D%5B(-74.99247):(-
71.4986)%5D&.draw=surface&.vars=longitude%7Clatitude%7Cfish corearea nefsc 2010 END FALL ATL ASMFC
FMPs&.colorBar=%7C%7C%7C%7C10%7C&.bgColor=0xffccccff
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https://nybsand.marine.rutgers.edu/erddap/griddap/MDAT_Fish_SummaryProducts_NEFSC_COREBIOMASS.largePng?fish_corearea_nefsc_2010_END_FALL_ATL_ASMFC_FMPs%5B(41.25727):(38.66182)%5D%5B(-74.99247):(-71.4986)%5D&.draw=surface&.vars=longitude%7Clatitude%7Cfish_corearea_nefsc_2010_END_FALL_ATL_ASMFC_FMPs&.colorBar=%7C%7C%7C%7C10%7C&.bgColor=0xffccccff
https://nybsand.marine.rutgers.edu/erddap/griddap/MDAT_Fish_SummaryProducts_NEFSC_COREBIOMASS.largePng?fish_corearea_nefsc_2010_END_FALL_ATL_ASMFC_FMPs%5B(41.25727):(38.66182)%5D%5B(-74.99247):(-71.4986)%5D&.draw=surface&.vars=longitude%7Clatitude%7Cfish_corearea_nefsc_2010_END_FALL_ATL_ASMFC_FMPs&.colorBar=%7C%7C%7C%7C10%7C&.bgColor=0xffccccff
https://nybsand.marine.rutgers.edu/erddap/griddap/MDAT_Fish_SummaryProducts_NEFSC_COREBIOMASS.largePng?fish_corearea_nefsc_2010_END_FALL_ATL_ASMFC_FMPs%5B(41.25727):(38.66182)%5D%5B(-74.99247):(-71.4986)%5D&.draw=surface&.vars=longitude%7Clatitude%7Cfish_corearea_nefsc_2010_END_FALL_ATL_ASMFC_FMPs&.colorBar=%7C%7C%7C%7C10%7C&.bgColor=0xffccccff
https://nybsand.marine.rutgers.edu/erddap/griddap/MDAT_Fish_SummaryProducts_NEFSC_COREBIOMASS.largePng?fish_corearea_nefsc_2010_END_FALL_ATL_ASMFC_FMPs%5B(41.25727):(38.66182)%5D%5B(-74.99247):(-71.4986)%5D&.draw=surface&.vars=longitude%7Clatitude%7Cfish_corearea_nefsc_2010_END_FALL_ATL_ASMFC_FMPs&.colorBar=%7C%7C%7C%7C10%7C&.bgColor=0xffccccff

The pattern of richness (number of species) distribution calculated from the same data set departs from
that of core biomass abundan&g(re 24). TheHudson River Shelf vallegt the apex of thstudy area
is anotablerichness hotspot.
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Figure 24. Species richness in the study area as represented by NEFSC Fall trawl survey

Figure was generated in ERDDAP
https://nybsand.marine.rutgers.edu/erddap/griddap/MDAT_Fish_SummaryProducts NEFSC RICHNESS.largePng?fi
sh_richness nefsc 2010 END FALL ASMFC FMPs%5B(41.25727):(38.66182)%5D%5B(-74.99247)(-
71.4986)%5D&.draw=surface&.vars=longitude%7Clatitude%7Cfish _richness nefsc 2010 END FALL ASMFC FM
Psé&.colorBar=%7C%7C%7C%7C16%7C&.bgColor=0xffccccff
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https://nybsand.marine.rutgers.edu/erddap/griddap/MDAT_Fish_SummaryProducts_NEFSC_RICHNESS.largePng?fish_richness_nefsc_2010_END_FALL_ASMFC_FMPs%5B(41.25727):(38.66182)%5D%5B(-74.99247):(-71.4986)%5D&.draw=surface&.vars=longitude%7Clatitude%7Cfish_richness_nefsc_2010_END_FALL_ASMFC_FMPs&.colorBar=%7C%7C%7C%7C16%7C&.bgColor=0xffccccff
https://nybsand.marine.rutgers.edu/erddap/griddap/MDAT_Fish_SummaryProducts_NEFSC_RICHNESS.largePng?fish_richness_nefsc_2010_END_FALL_ASMFC_FMPs%5B(41.25727):(38.66182)%5D%5B(-74.99247):(-71.4986)%5D&.draw=surface&.vars=longitude%7Clatitude%7Cfish_richness_nefsc_2010_END_FALL_ASMFC_FMPs&.colorBar=%7C%7C%7C%7C16%7C&.bgColor=0xffccccff
https://nybsand.marine.rutgers.edu/erddap/griddap/MDAT_Fish_SummaryProducts_NEFSC_RICHNESS.largePng?fish_richness_nefsc_2010_END_FALL_ASMFC_FMPs%5B(41.25727):(38.66182)%5D%5B(-74.99247):(-71.4986)%5D&.draw=surface&.vars=longitude%7Clatitude%7Cfish_richness_nefsc_2010_END_FALL_ASMFC_FMPs&.colorBar=%7C%7C%7C%7C16%7C&.bgColor=0xffccccff
https://nybsand.marine.rutgers.edu/erddap/griddap/MDAT_Fish_SummaryProducts_NEFSC_RICHNESS.largePng?fish_richness_nefsc_2010_END_FALL_ASMFC_FMPs%5B(41.25727):(38.66182)%5D%5B(-74.99247):(-71.4986)%5D&.draw=surface&.vars=longitude%7Clatitude%7Cfish_richness_nefsc_2010_END_FALL_ASMFC_FMPs&.colorBar=%7C%7C%7C%7C16%7C&.bgColor=0xffccccff

3.3.4 Products

Digital files (*.xIsx) of the species FOO and abundance tables are provided to BOEM to allow sorting and
searchingDigital output files (txt format) from PCA are also provided to allow electronic sorting.

3.4 Canonical Trends Quantification
3.4.1 Purpose

Canonical patterns of faunal distribution are those that significantly correlated with measured underlying
variablesln thefollowing analyses, these angdrographic and bathymetnariablesmeasured

coincident with each trawas well as modeled and extrapolated benthic data (see Sections 3.4.2.2

3.4.2.5) Examining them all together answers the question of relative exglaar@ance of the

environmental factors, including the possibility/likelihoofdnutual attraction to a resource (aggregation)

and the influence daunaone ach ot her 6s di stri bution thrTisgh com
methodquantifies he concept of realized ecological niche for the included variables andi talsais

meant to directly aid evaluators in assessing the risk of sand extraction as a perturbation relative to the
influence of other environmental drivers or correlates.

3.4.2 Method
3.4.2.1 Canonical Correspondence Analysis (CCA)

The same datmawl surveythat were used in the individual and independent latent trends analyses for
environment and biotaerecombined in a direct gradient analysis, CCA, to quantify the relationship
betweenheir distributions as intsd-correlation value§i.e.,faunaenvironmentfor the major trends. As

in PCA, CCA eigeraxes are ranked by the strength of the variance (eigenvalue) that each explains, but in
the case of CCAhis is only the explained variae (out of the total variance) that is correlated with the
included environmental data. Extrapolation is conducted by quantifying the association of physical factors
(substrate, bedform, depth) and their derivatives (slope, proximity to features shollass wrecks)

with biological species presence or abundance (depending on the underlying distribution parameters)
through multivariate regression techniques. Eigenvectors (axes with direction and strength of change in
species composition among samphtiens that are stretched by the data transformation) in these

analyses are calculated as the best fit regressions of linear combinations of the included variables and
allow both continuous and fixed categorical variables. As such, the motbestditsthe data is solved

to form predictions about how all the species making up a community are distributed in space and time
relative to a number of variablégariables without strong predictive power are not necessarily
unimportant; rather, strong covari@with another variable may account for it mathematically, but not
mechanisticallyThe CCAwas runwith forward selection, in which iterations are run first on single
variablesandare then added sequentially to the model in decreasing orsigendth (explained

variance) thechange in the explained variance is tested at eachfisiggardce dvariables that do not
significantly increase fiare addressed asvaviate

Canonical analysis was run on Spring and Fall trawls separately basesiitie of the latent analysis that
demonstrated strong seasonal segregation, which is due to a combination of unmeasured or unmeasurable
factors, some of which (such as gonad maturation, spawning activity, and overwinter dynamics) happen
outside the studgrea (se&olume 1: Literature Synthesisand Knowledge Gaps.

3.4.2.2 Hydrographic Variables

Surface and bottom temperature, surface and bottom salinity, and depth were collected by NEFSC at each
trawl sample station by CTD at the time of the traivbse data best reflect the hydrography experienced
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by the fish and invertebrates during collection. Because the trawl samples mostly the bottom of the water
column (except in very shallow water) the bottom temperature and salinity were entered intiytbis.a

The difference between the bottom and surface temperature (delta temperature) and likewise for salinity
(delta salinity) were calculatesparatehas derivatives and also entered. These are proxy variables for
water column stratificatioarisingfrom different mechanisms and aretential drives or predictor of

numerous other dynamics.

3.4.2.3 Soft Sediment Grain Size Variable

Grain size was extracted fromm available raster layer served by MARG®lrrored on the ERDDAPR

The raster wabasedon extrapdation of point collection data of the USeologicd Survey (USGS)
usSeabed: Atlanti€oast offshore surficial sediment data (Data series 118, version 1.0) and the USGS
East Coast Sediment Texture Database (2005), Woods Hole Coastal and Marine Sciemce Cent
(https://portal.midatlanticocean.org/datatalog/SeafloorHabitgtfor the valueata particular trawl

sample.

Grain size distribution as extracted fronis rastehad a mode at 0.25 to 0.5 with a range from 0.0182 to
4.2765 mm Figure 25). The few samples with coarse sand class were close to(Bliguee 26).

350 I I I I I I I T T T

300

250

200

Frequency of occurrence

50

I S
O 1 =N 1 1 1
0 0.5 1 15 2 2.5 3 3.5 4 4.5
Grain size (mm)

Figure 25. Frequency distribution of grain size at individual trawl sample locations
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Figure 26. Physical distribution of grain size at individual trawl sample locations
3.4.2.4 Shoal Proximity Variable

The locatiorand perimeter of modeled shoals were extracted fh@iMMIS
(https://mmis.doi.gov/boemmm)dodeled Shoals lay€nlso mirrored on ERDDAPRShoals delineated

in this feature class as polygons are modeled on the basis of direct and indirect data including bathymetry,
surficial backscatter, grain size point samfleEkens et al. 20197 number of the modeled shoals are
redundant with the Sand Resources layer (also from MMIS) in that the latter adds additional information
on accessibility to the modeled shoals to produce another classification. Due to thameyuhed Sand
Resource layer was not queried for this analysis.

In an effort to provide mukiabeling classification of the shoals for furthiifferentiationas value to fish

habitat, a cluster analy§isSpear mans 6s Rank diwastuausicgahe aticbutenp | et e | i
valuesshoal area, percent sand, percent fines, grain size, depth class, minimum slope, maximum slope,

and rugosity Analysis returned no clear high level differences to justify classification, and a consensus

PCA showed very litd explained variance, most likely because these are the variables on which the shoal
classification (as opposed to flat or no shoal) was originally based. Therefore, trawls were classified only

on the location relative to a shoal as follows.

The center okach trawl! location was checked against each modeled shoal polygorB@8=stioalsn

the study areao see if it fell within or outside of the polygon. TraWis= 25) that fell inside the polygon

wer e assi gn eStoaldTrasvis thdt didsnsfall vithin a modeled shoal polygon were then
checked to see if they were wi t Becausemanya ttheeshoalss s h o a
have a similar diagonally oriented long afiiortheastSouthwest)the bounding box of each
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encompassed an area as much as twice that of the shoal polygon. Trawl §amps) that fell inside

the bounding box but outsi de ®&liocald hAl Is hotahe rp otl ryagwlins
582)were classifiecasi O SHoalo Because mogtawls that are not Ne&hoalare Off Shoal(with a

few being OrShoal insteay these three variables are mutually exclusivel OffShoaland NeaiShoal

are highly inversely collineaAll three of these mutually exclusive factors were entered intd.CC

3.4.2.5 Habitat Classification Variable

Benthic habitats based on Ecological Marine Units created as part of the Northwest Atlantic Marine
Ecoregional Assessmerttt{ps://portal.midtlanticocean.org/dateatalog/conservatioywere examined

as a potential input variabldabi t at s are coded i nto 43fwmbgralses of
code0 The classes within a code are merdal |l y excl us
(minimum) 43 different binary variables (i.¢he codes do not correspond to a rank or gradient value). A

brief examination in consideration of class reduction to a lower order showed this to be impractical within

the scope of this study; furthesgme of the variables on which the classifications are based are already
included in the foragpiyremndi mesgdsiepy hsummaoi zed with
Therefore Benthic Habitat class variables were not used in CCA.

3.4.3 Results
3.4.3.1 A Note on Interpreting CCA plots

Interpretation of CCA (tri)plts has important similarities and differences to that of PCA biplots. Ranking

of relative importance by explained variance (eigdue) is that of the canonical explainatiance not

the total varianceSample (individual trawl) scores (amplitudes along multivariate gradiectmohical
components, collectively coenospace) are plotted closer or further from eactastimetCA) plots

based on the expected similarity of their catch (species composition) along a component axis. The sign of
the score+{+ representing up or down) is arbitrary so that a flipped imagerigflat conveys the same
information. Scores from the firsvo major trendsdqanonicalcomponent 1 and ZC1 andCC2,

respectively) are plotted against each other here, allowing sample similarity on two different uncorrelated
trends to be viewed simultaneously. The trends in relative (centered and standastizgu)ridance (as
CPUE) that account for sample similarétse alslotted The speciespecificcentersdeclirein all

directions from the plot point in an assumed Gaussian distribution. Species are likely to occur in the
greatesabundance in the eneinment of samples that plot near them (and vice versa) with decreasing
abundance with distance in any direction. The environment of the samples is shown by plotting the trends
(as arrows in the direction of increasing value) througlséimeple and specigdot. Thus a sample

plotting near the arrow head for Bottom temperature along with Species A caught high relative abundance
of SpeciedA in warm water and had a similanvironmentand species composition to other samples

plotted near it and different tho< plotted on the opposite side of the grawhich would indicate cold
water.The angle between environmental vectors is the correlation coefficient between the two, while the
length of the vector along a particular canonical axis relates to therehariance by that variable for

that axis. Thus, vectors that line up ardinear (or covary inversely if they line up but in opposite
direction).In this report, triplots were separated into a biplot layer (species and environment) and
scatterplot (samples only) for legibility.

Depth and grain size are likely to be proxies for much more complicated relatigivstiyding

causative factors of light penetration, oxygen content, connectivity, energy (flow and oscillation), and
refuge. Theealized niches are not necessarily the metabolic optimum, but a compromise with
unmeasured factors. It is also is important to remember that these analyses are correlative, not causative,
although first princifes of ecology and metabolic theory provinfidence that the relationships with
temperature are causative.
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3.4.3.2 A Note on Interpreting Van Dobben Circles

Becausehe canonical axes calculated to provide the best fit are synthetiar@.enultiple regressions

that provide better fit than using jussingle variable), the predictive capacity of single variables for
individual species is hidden in a triplddthoughenvironmental factors may always be covariate in
natural settings, the effect of individual variables is useful as a predictor didtsbution. These effects
were tested using Van Dobbeincles @lso calledT-value biplots) in Canoco®\ positive response circle
of radius 2T is drawn from the plot origin. Vectors of increase in spepisfic CPUE that fall inside

the circle (atéast 50 of the rendered arrowhead) are calculated to have a significant (alpha = 0.05)
correlation with that tested factor because thallie statistic from a (multiple) regression is predicted to
have value greater th&n A circle drawn in the other diction (2T) identifies species with a significant
inverse correlation with that factor (based on thealue less thar?).

3.4.3.3 Spring Trawl Survey

Variation (5.95240) accounted for by explanatory variables in CCA of the Spring Z1H8) data set
was11.5% of the total variation. The first canonical axis explained 33.7% of that variance, and the second
explained an additional 16.8%dble 12). Therelationship between the variables on each axis and the
synthetic axis itself, calledhé pseudaanonicacorrelation, was fairly high at 0.76 and 0.62 @1 and

CC2 respectively.

Table 12. Summary results of CCA (Spring)

Statistic Axis 1 AXis 2 Axis 3 Axis 4
Eigenvalues 0.3365 0.1680 0.0895 0.0429
Explained Variation (Cumulative) 5.65 8.48 9.98 10.70
Pseudo-canonical Correlation 0.7627 0.6237 0.4642 0.3541
Explained Fitted Variation (Cumulative) 49.28 73.87 86.98 93.26

Forward selection retained six of the input variables as contributing significant (at a@&) =

additional explained varianc&dble 13). Bottom temperature and bottom salinity had the strongest

explanatory power, followed actor nearshoal, sample deptllelta temperature, and grain sigactor

Off Shoalwasdropped from the models not poviding any additional informatiobecause ofhverse

collinearity withNearShoal( i . e . , most trawl s t hwhtlethe &actoe Onn o t ifNear
Shoal did not significantly change the explained variaDe#ta salinity waslroppedoecause of

cadlinearity with delta temperature.

Table 13. Forward selection results (Spring)

Explains % is the explanatory contribution of each variable at the moment of its selection, related to the total variation
(after accounting for a priori covariates, if any). The Contribution % relates this contribution to the whole set of
explanatory variables considered during the selection and thus approaches 100%.

Name Explains % Contribution % pseudo-F P
Bottom temperature 5.0 42.1 19.4 0.002
Bottom salinity 2.8 23.9 114 0.002
Near shoal 15 12.5 6.0 0.002
Depth 11 9.1 4.4 0.002
Delta temperature 0.6 51 25 0.062
Grain size 0.5 4.3 21 0.046
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Fishesand invertebratesf the OCS irSpring sorted themselves first aloagrend inhydrographythat
contributed the most to explained variatiorO@1, in whichwarmerbottom temperaturéand to a much
lesser extent larger grain siz)d stratificatiorwereinversely correlated (cold&ottom temperature
occurred when the difference between surface and water temperature was digater27). They
secondarily sorted along a trendoiottom salinity and depttinat was inversely related tactorNear

Shoal alongCC2 The taxa typifyig salty, deep, and (relatively) warm water in Spring were especially
Gulf Stream Flounder, Fourspot Flounder, and Weakfistile Atlantic Sea Scallop weir deep but
somewhat cooler wateFigure 27). Taxa typifying warm shallower water were Bay Anchdsgnooth
Dodfish, Scup, Butterfisrand to a lesser exten®triped ®arobin. In Spring, the shallower nearshore
water was cooleand this included a number of samples collected in close proximity to shmplsss

27, 28); these samples were typified Bprthern Sand Lance, Winter Flounder, Red Hake, Smallmouth
Flounder, Clearnose Skate, Winter Skated Striped Bassnd in warmer shoal water by Atlantic
Horseshoe Crab and Atlantic Menhad®nly Haddock typified cold, saline, deep, and stratified wate
Spiny Dogfish, Summer Flounder, Blueback Herring, Alewife, Spotted Hake and others were fairly
centralized in their distribution relative to these trends; howsuehdistribuions could be either central
and broagdso thattheyoccurredassimilar relative CPUE in trawls from across the hydrographic
spectrumpr central and tightmeaning that they occurred in few samples that were very similar in their
environmentThis centratendency of a species is measured as the root mean squat®adrom its
centroid, oomMhet ¢leat a ntogadtheadefuhe the selalieed niche. €olerance is
standardizedby the effective sample size (N2¢cause more abundant speciesaoee likely to be
encountered at some ecological distamomftheir central niche

Toleranceand tolerance/N#r each species is providedAppendix A. Species with especially narrow
(< 0.028)tolerancéN?2 along theCClin NEFSC Spring trawl samples, a potential impact assessment
factor, were in (ascending anj Haddock Little Skate, Windowpane, Winter Flounder, Winter Skate,
Summer FloundeEtropussp.flounders RedHake, SpottedHake, Spiny Dodfish, Atlantic Herring,
Goosefishand Longfin SquidBy comparison, the highest was 0.7722 for Atlantic MenhaBaties
with narrow tolerance/N2 (< 0.02fr CC2were many of the samkladdock, Winter Flounder,
Windowpane, Little Skate, Winter Skate, Summer Floungopussp.flounders, Spottetiake.
Haddock had 0 tolerance on both axis because theyocoteeted in only a single sampleor
comparison, the highest standardized tolerance &@2ywas 0.3566 for Spider Crab (unclassified).
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Figure 27. Biplot of species and environmental variables for Spring trawl survey

Symbols mark the estimated center of a species abundance in sample space (Figure 28), and abundance declines in
all directions from that center. Vectors point in the direction of increasing value of each variable through the sample
and species space. Vector length is proportional to the strength (explained variance) of the trend. This figure
occupies the same coenospace as Figure 28 but is separated for legibility.
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Figure 28. Spring trawl (20107 2019) sample distribution classified by shoal proximity

AShoal 06 r ef er s .This plotshdreslceedospade with kths biplot in Figure 27. Species in Figure 27 are
more likely to appear in higher abundance in samples that plot near them and together with other species that plot
near them. Trends in variables shown by the vectors in Figure 27 reflect changes through this sample distribution.

As an example of interpretation, no species vectors fall entirely within the positive circlevafiaeT

biplot for grain size, but ittle Skate fall within the negative circle, meaning that Little Skate sort
significantly along a gradient towardsdinsediment in these samples in the absence of other information
about themthoughno species can be significantly predicted to be found in coarser grains on that
information alone. However, grain size variation in combination with another environmental trend may
still form a better prediction of distribution than that other varialdeel
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The results of th&an Dobben circléesting for taxa in the NEFSC Spring trawl sureeg summarized
in Table 14. Given that this is a threshetgpe test that may be influenced by rendefisghe arrowhead
entirely or partially insidé¢hecircle), in some (few) caseadditional species may have been include@
judgement call, or are close enough that the tested factorgetiag useful predictot{seeDushoff et al.
(2019). Therefore, thandividual raw T-value biplots are provided for scrutinyAppendix A.

Table 14. Results of Van Dobben Circle analysis for species collected in NEFSC Spring trawl
survey

Environmental Species with Positive Fit Species with Negative Fit
Variable
Bottom temperature Smooth Dogfish, Goosefish, Little Skate, Winter Skate, Atl. Herring,
Fourspot Flounder, Atl. Mackerel, Red Hake, Winter Flounder,
Gulf Stream Flounder, Scup, Etropus sp. flounders

Black Sea Bass, Butterfish,
Silver Hake, Longfin Squid

Bottom salinity Spiny Dogfish, Atl. Herring, Silver Hake, Winter Flounder,
Summer Flounder, Atl. Sea Scallop | Smallmouth Flounder, Butterfish, Scup
Fourspot Flounder,
Gulf Stream Flounder

Near shoal Little Skate, Winter Flounder Fourspot Flounder, Atl. Sea Scallop,
Gulf Stream Flounder
Depth Fourspot Flounder, Little Skate, Red Hake, Winter Flounder

Gulf Stream Flounder,
Longfin Squid, Atl. Sea Scallop

Delta temperature none none
Grain size none Little Skate

3.4.3.4 Fall Trawl Survey

Variation 6.72393 accounted for by explanatory variables in CCA offta# (20102016, 20182019
datawas11.8% of the total variation. The first canonical axis explaiBBd® of that variance, and the
second explained an additiord#. 6 (Table 15). The relationship between the variables on each axis
and the synthetic axis itself, called the pseadoonicécorrelation, was fairly high at 07&and 055 for
CC1 andCC2respectively.

Table 15. Summary results of CCA (Fall)

Statistic Axis 1 AXxis 2 AXxis 3 Axis 4
Eigenvalues 0.3582 0.1966 0.0909 0.0887
Explained Variation (Cumulative) 5.33 8.25 9.60 10.92
Pseudo-canonical Correlation 0.7738 0.5539 0.4214 0.4148
Explained Fitted Variation (Cumulative) 45.19 69.98 81.45 92.63

1 The use of an arbitrary alpha level for absolute acceptance or rejection of a hypothesis or test otedrdile
recently been challenged by numerous papers.
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Forward selection retained six of the input variables as contributing significant (at alpha = 0.05)
additional explained varianc&gble 16). Bottom temperature andversely correlatedampledepth and
delta temperaturbad the strongest explanatory powkmgCCl, while delta salinityfactor NearShoal,
and inversely correlated grain siexplained variation alonGC2(Figure 26). The factorOff Shoalwas
droppedbecause of collinearity witNearShoal,while the factor On Shoal did not significantly change
the explained variance.oBomsalinity wasdroppedoecause of collinearity withottom temperature

Table 16. Forward selection results Fall

Explains % is the explanatory contribution of each variable at the moment of its selection, related to the total variation
(after accounting for a priori covariates, if any). The Contribution % relates this contribution to the whole set of
explanatory variables considered during the selection and thus approaches 100%.

Name Explains % Contribution % pseudo-F P
Bottom temperature 4.6 37.8 14.6 0.002
Delta temperature 2.4 19.6 7.7 0.002
Depth 1.6 13.4 5.4 0.002
Near Shoal 1.4 11.4 4.6 0.006
Grain size 13 10.4 4.3 0.006
Delta salinity 0.6 5.1 2.1 0.026

Fishes of the OCS iRall sorted themselves first along a trend in hydrograjgfined bybottom
temperatur@nd inversely depth and the delta temperatughallower samples were warmer and less
stratified(Figures 29, 30). They secondarily sorted along a trexméracterized on one end by being near
a shoal and being high in salinity and having small grain $tze taxa typifyinghe shallow warm water
near shoals were Striped Anchovy, Southern Kingfish, Weakfish, BullnoséRaytic Croaker,and
Atlantic Horseshoe @b, while samples near shaalbut in deeper, cooleand more stratified watér
tended to consist especially of Butterfish, American Lobster, and Atlantic Herring. The deepest samples
from cooler stratified water were represented especially anttl Sea Scallop, Goosefish, Haddock,
Ocean Pout, Spiny Dogfishnd Gulfstream Flounde®nly Alewife characterized the truly coarse grain
sample, which was at moderate warm temperaturerentirate depttbutAlewife were also found
elsewhereNumerousspecies characterized the modal environment, lgtgbuted eithebroadly or
narrowly from there (as shown Oylerancé. Speciescharacterizing samples typified by a modal
environment or broadly distributed during Fall included especially Windowpdiaatic Mackerel,

Winter Skate, Round Scad, Summer Flounder, Smooth Dogfish, Northern Sand Lance, and Bluefish.

Tolerance and tolerance/N2 for each species is providédpendix A. Species with especially narrow

(< 0.02) tolerance/N2 along tffiest canonical axis in NEFSC Fall trawl samples wéneaécending
order)Alewife, WindowpaneStriped Searobin, Longfin Squid, Little Skate, Northuffer, Northern
Kingfish, Scup,andWinter SkateFor comparison, the highest standardized toleran€&CGinwas for

Atlantic Herring at 0.48Species with narro 0.025)standardized along canonical aRisvere

Alewife, Summer Flounder, Little Skate, Windowpane, Longfin Squid, Striped Searobin, Northern
Searobin, and Fourspot Floundeor comparison, theroadest standardized tolerance alQ@p was

0.4199 for Striped Basglewife had O tolerance on both axis because they were collected in only a single
sample.
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Symbols mark the estimated center of a species abundance in sample space (Figure 30), and abundance declines in
all directions from that center. Vectors point in the direction of increasing value of each variable through the sample
and species space. Vector length is proportional to the strength (explained variance) of the trend. This figure

occupies the same coenospace as Figure 30 but is separated for legibility
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Figure 30. Fall trawl sample distribution classified by shoal proximity

AShoal 6 refers to model ed shoal s. ThHgare 20| SpdciessnfFyure2are oenospac
more likely to appear in higher abundance in samples that plot near them and together with other species that plot

near them. Trends in variables shown by the vectors in Figure 29 reflect changes through this sample distribution.

The results of the -Value biplot testing for taxa in the NEFSC Fall trawl survey are summarized in
Table 17. Given that this is a threshetgpe test that may beflnenced by rendering (is the arrowhead
entirely or partially insidéhecircle), in some (few) casgadditional species may have been included as a
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judgement call, or are close enough that the tested factors may yet be useful predictors. Therefore, the
individual raw Fvalue biplots are provided for scrutinyAppendix A.

Table 17. Results of Van Dobben Circle analysis for species collected in NEFSC Fall trawl survey

Environmental Species with Positive Fit Species with Negative Fit
Variable
Bottom temperature Scup, Longfin Squid Round Herring, Rough Scad
Delta salinity Atl. Sea Scallop, Longfin Squid Stripped Anchovy
Near shoal Round Herring, Striped Anchovy, Atl. Sea Scallop, Longfin Squid
Rough Scad
Depth Round Herring none
Delta temperature Scup, Atl. Sea Scallop, Longfin Round Herring, Striped Anchovy,
Squid Butterfish, Rough Scad

Grain size Scup, Longfin Squid Round Herring, Rough Scad

3.5 Atlantic Sturgeon Distribution
3.5.1 Purpose

Atlantic Sturgeon are an endangespaciesand their distribution is of special concern. The species was
not well represented in NEFSC surveys between 2010 and 2019 and were not included in the assemblage
analysis.

3.5.2 Methods

The distribution of Atlantic Sturgeon in the study area NEFSC trawl data and in the study areas in State
waters from NJDEP trawl data was examined and presented by scatter plot.

3.5.3 Results

A total of 13 Atlantic Sturgeon were collected in the study ar&piing NEFSC trawl surveys between
2010 and 201,%nd another 19 were collected in Fall survi@espitethe factthat Fall data contained
fewer years). AllAtlantic Sturgeorwere in neahoresamplesexcept for one individual collected off the
mouth of the Delaware Bay in Spring. No more thamwo individuals were collected together in Spring.
No more tharfour were collected together in Fall, but given the scarcithesefish in general, the two
trawls withfour fish and single trawl with three fish mayicate hotspots (although they may also be an
artifact of social behaviorocial behavior of Atlantic Sturgeon on marine feeding grounds is not
documented. Sturgeon were distributed more to the north in Fall than in Sigome(31).

Sturgeon werenuch better represented in NJDEP trawl surveys, with a total of 412 individuals collected.
As in NEFSC surveys, all were close to shore (NJDEP trawls were in State and OCS witlhetts

exception again of several collected well off the mouth of thaweie Bay Figure 32). Most trawls

collected only singletons, but the distribution was highly skewed with several catches between 2 and 12
individuals and a single trawl each with 16 and with 21. Hotspots were at the apex of the study area and to
a lesseextent off Cape May, NJ.
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Figure 31. Distribution of sturgeon in the study area from NEFSC trawl surveys
Larger marker sizes correspond to four individuals, smallest to one individual.
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Figure 32. Distribution of sturgeon in the study area from NJDEP trawl surveys
Larger marker sizes correspond to 21 individuals, smallest to one individual.
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Sturgeon were centered at salinityi 3R psu but at two temperature modes (as a consequence of seasonal
sampling bias), one near6 and again near P&, but broadly anywhere between 2.1 and 2C.1

(Figure 33). Sturgeon were collected throughout the year in NJDEP trawtideast in summer

(Figure 34).
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Figure 33. Distribution of Atlantic Sturgeon relative to hydrography

Data are extracted from in NJDEP and NEFSC trawl surveys from 20107 2019. Bubble size is scaled between 1 and
21 fish per trawl. Methods differ between NJDEP and NEFSC surveys, and number is not scaled to trawl swept area
as CPUE and should be viewed as rank order.

Atl. Sturgeon occurrences

Month

Figure 34. Distribution of Atlantic Sturgeon by month from NJDEP trawl survey
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3.6 Benthic Invertebrate Distribution and Trends
3.6.1 Ocean Quahog and Atlantic Surfclam
3.6.1.1 Purpose

New Jersey and New Yotate waters have historically been excellent habitadfiantic Surfclam and
Ocean Quahog and bathpported robust fisheries. There is evidence of declining recruitment to the
fishable population and mortality of large clams in New Jersey and New York based on size frequencies
and total biomass estimatéblortheast Fisheries Science Center 2017)

3.6.1.2 Methods

Data on Ocean Quahog distribution were extracted from the NEeS@urce Survey Report, Atlantic
Surfclam/Ocean @ahog, Delmarva Peninsiildantucket Shoals, Augusi 15, 2017 (NEFSC 2018)The
survey collectdoth speciebut reports separately on Ocean Quahog and Atlantic SurfClaenefore,

plot locations of samples are identical for the two spe8ieientific surveys of abundance are based on
13-foot commerciaistyle hydraulic dredge towed fomainutes at 3.0 kt.

Themedian depth (depth at which half of the cumulative totahsl caught the annual NEFSC survey)
was regressed against yeath a linear model

3.6.1.3 Results

Ocean Quahog are sparsdigtributed inshore of the 3B bathymetric contour in the studyear

especially in the south of the NYB apdidure 35). Abundance ine@ased markedly seaward, with a
maximum of 4025 per samplélhe distribution of Atlantic Surfclam is less well characterized and more
widely distributed with regards to depth than their name implies. Highest densities were also seaward of
the 36m contour(Figure 36). Abundance was lowest to the south and inshore.

Althoughthe maximum local density was roughly twice as high for Ocean Quahog as for Atlantic
Surfclam, the more even distribution of the latter yielded a similar total count of 30r8&antic
Surfclamvs. 29,784 for Ocean Quahogtinesame survey.

The southern distribution of Atlantic Surfclam is shifting into deeper veatath of the NYB apeff

New Jerseyslope=-0.48 m per year, adjusted R0.8504, p < 0.0001) but natff Long Island New

York (slope=-0.05 m per yeamdjusted R=0.024Q p = 0.581)Figure 37). This is thought to beue to
warming in nearshore habitgteeVolume 1 Literature Synthesisand Knowledge Gap$. Atlantic
Surfclam populations distributioand warming bottom temperatures cause previously suitable nearshore
habitat to decrease and offshore habitat to increase, particularly in theR&&8nt declines in
abundance oftlantic Surfclam in the most southern portion of their range on the MABreamtal shelf
has been attributed to warming bottom waf&limm and Powell 2004; Weinberg 2005; Weinberg et al.
2002)and increased frequency of conditions that result in episodic warming events of bottosn water
(Narvaez et al. 2015As ocean tempatures increase, the distribution and biology of Atlantic Surfclam
are potentially changingvith likely effects on fishery productivitMunroe et al. 2016)

64



Longitude

Land

Contours

Study area 30 m contour
Study area 50 m contour

®  Ocsan Quahog Samples
1 |

-75.5 -75 -745 =74 -73.5 =73 -725
Latitude

=72 -71.5

@

Figure 35. Distribution of Ocean Quahog in the study area in 2018
Log(8.303) corresponds to the maximum catch of 4,025 clams in a sample.
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Figure 36. Distribution of Surfclam in the study area in 2018
Log(7.96) corresponds to the maximum catch of 2,873 clams in a sample.
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Figure 37. Change in depth distribution of New Jersey and New York, 1983i 2015

The median depth (m) of Atlantic Surfclam by year, separated by Surfclam stock assessment regions. A negative
slope indicates that a higher proportion of the total Surfclams in a region were caught in deeper water in recent years.
Data summarized from 61st Northeast Regional Stock Assessment Workshop Report (NEFSC, 2017).

3.6.2 Atlantic Sea Scallop
3.6.2.1 Purpose

The NYB has historically been excellent habitat for Atlantic Sea Scallop. This invertebrate is sampled
independently of the NEFSC trawl survey at higher tdgmi using photamaging methods. Distribution
relative to the study area is of interest due to the high revenue generated from this resource.

3.6.2.2 Methods

The distribution of Atlantic Sea Scallop was mapped on the basis of average abundance per video sample
cell from the University of Massachusetts Dartmouth School of Marine Science and Technology
(SMAST) video survey from 2003 through 20T2ata were extracted from the ERDDAP.
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3.6.2.3 Results

Atlantic Sea Scallop were absent within them8@sobaths of the study araad low (between 0 and 4)
between the 3Gand 50m isobathgFigure 38). Abundance increased with depth, including at the edges
of the Hudson Shelf Valley.

Figure 38. Average number of scallops from 2003 to 2012 per video transect cell
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