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Assessment overview

Goals and scope



Goal: To describe and characterize estuarine,
coastal, and offshore fish habitat distribution,
abundance, and quality in the Northeast.

Four actions were identified as necessary to meet this goal:
1) Inshore fish habitat assessment

a) Fish distribution and abundance
b) Habitat distribution, status, and trends

2) Habitat vulnerability including response to changes in climate,
3) Spatial descriptions of species habitat use in the offshore area, and,
4) Habitat data visualization and decision support tools.



Geographic Scope:
Northeast U.S.

South to North

North Carolina/South Carolina boundary to the
western end of the Scotian Shelf and includes the
Mid-Atlantic Bight, Southern New England,
Georges Bank, and the Gulf of Maine.

Inshore to Offshore

Mean high water including estuaries to the shelf-
slope break
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Focus Species (65+, important to managers)

e Mid-Atlantic Council: Atlantic and chub mackerel, butterfish, longfin and
shortfin squid, surfclam, ocean quahog, summer flounder, scup, black sea bass,
bluefish, golden and blueline tilefish, spiny dogfish

e New England Council: Cod, cusk, haddock, pollock, Acadian redfish, plaice,
halibut, winter flounder, witch flounder, yellowtail flounder, wolffish,
windowpane, ocean pout, offshore, red, and white hake, monkfish, Atlantic
herring, salmon, skates (seven species), red crab, sea scallop

e Additional Atlantic States Marine Fisheries Commission (ASMFC): Eel, lobster,
croaker, menhaden, striped bass, Atlantic sturgeon, black drum, cobia,
horseshoe crab, Jonah crab, northern shrimp, red drum, shad and river herring,
Spanish mackerel, spot, spotted seatrout, tautog, weakfish, coastal sharks

e Highly migratory with Habitat Areas of Particular Concern (HAPC)
designations: Sandbar shark, dusky shark



Summary of products



Assessment Products at a Glance

Data inventory
- Catch data from state and federal fisheries-independent surveys; including
comparison table
- Environmental datasets (used as model covariates)
- One page metadata document for each survey or data set
Habitat use
- Species profiles: Summarize life history and habitat use for each focus species
- Stage-based, single species and joint species distribution models (SDMSE)
- Inshore Habitat Report
Climate vulnerability
- Species-habitat matrix and climate vulnerability narratives
Habitat data visualization and decision support tools
- NRHA Data Explorer: R-Shiny application used to show trends in species distribution
and abundance at state and regional scales, and to share other products and
documentation
- Working with partners at Mid-Atlantic Ocean Data Portal, Northeast Ocean Data
Portal, and possibly NOAA DisMAP to share selected products
Scientific publications/reports
- Community-level Basis Function Modeling methods paper and R package; others in
development
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Modeling Framework
Characterizing Habitat Use



What is Fish Habitat?

- Necessary for growth, survival & reproduction of a species
. A function of:
« Innate physiological tolerances of the organism:
« Temperature, salinity, flow regime

- Basic ecological requirements:
« Refuge from predators, food availability

- Multiple life stages (often with differing requirements)
« Dynamic factors that fluctuate over time

We generally infer habitat suitability based on species distributions; (i.e.,
if fish are there, they like something about that place)



Habitat Use & Community Ecology

. BROAD-SCALE §PECIES INTERACTIONS
. Hab|tat use patterns are Shaped WAVEiPOS‘:IjEGE;:DIE‘:I ie., LIMITING SIMILARITY
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compatible with the =% z -~
limitations of the animal? - Z -
2. Biotic interactions —
Animals act on one another,
influencing use of space
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How Can Biotic Interactions Affect Habltat Use?

Furey et al. 2018 —

Migratory coupling

- Competition: (-) Species with similar -
niches may exclude each other BB wal geg

. Migratory coupling: (+) Movement of =SS e

a consumer is driven by that of its prey Com |

- Non-consumptive effects: (-) “Fear” of
predators alters use of space by prey

- Social interactions: (+) Information
exchange b/w species that share
common predators or prey

”l

« Can “scale-up”!
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Characterizing Habitat: A comprehensive strategy

e Stage-based approach
e Partitioning spp. into distinct classes based on ontogeny (i.e., juveniles & adults)
e Better resolution of stage-specific requirements or habitat shifts?

* Joint-species distribution model
e Using a novel spatiotemporal approach (CBFM) w/ comparison to GAMs
e Improved predictions & possible ecological insights?

 Dynamic & ecologically relevant covariates
 Temporally varying predictors that reflect dynamic nature of the system
* Predictors with direct consequences for ecological function of animals



How Do We Assess Habitat Use?

- Based on observed densities,
measured by surveys

- Sampling is very sparse in space and
time (e.g., NMFS Bottom Trawl)

« NE Shelf = 260,000 km”2 area
« =700 tows/year (spring & fall)
« <0.1 km~2 surveyed by a tow
¢ <0.1% of seabed annually

- How do we use make use of sparse data?

019 NMFS Bottom Trawl Survey locations




SDMs: A Mechanistic View of Habitat

- Species Distribution Models (SDMs) estimate the habitat “niche” of
organisms by relating observed densities to measured environmental

predictor variables “Environmental filters”

103.adult

103.adult o . :‘.;ﬁ‘
~+  Fitted Residuals:

A )
- - ! (+) = overpredicted
| '-: (-) = underpredicted
,-:o

Species A — Observed Enviro. ~Estimated Species A — Model Residuals
Density Predictors Niche
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Joint SDMS: Making More of Model Residuals

« In single-species SDMs,
residuals = “error”

« In a multi-species context,
residual patterns across species
may contain information about
underlying processes (i.e.,
missing predictors, dispersal,
interactions)

- Joint SDMs model residual
covariance & exploit it to
produce more realistic
estimates of species
assemblages

Species A
Residuals

Species B
Residuals

Sp.Aandsp.B
negatively
correlated (-)

Sp.Aandsp. B
positively
correlated (+)




CBFM: Community-level Basis Function model

Spatio-Temporal Joint Species Distribution Modeling:

i RelatEd to GAMS A Community-Level Basis Function Approach
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CBFM: NRHA Application

e 97 spp-stages from NMFS bottom-trawl surveys
* Demersal & pelagic spp., managed, common, & prey
e Training 2000-2014 (n > 9000 obs)
e Testing 2015-2019 (n > 3000 obs)

e Combined Spring & Fall surveys

e 13 Predictor variables

e Surface & bottom temperature (monthly & annual min/max), salinity
(surface & bottom), sea surface height, correlates of depth (optical
environment, hydrodynamic stress)

e Spatiotemporal Basis Functions (intra-year) & random effect of year



Predictor Variables: Correlates of Depth .

e Depth is an informative predictor,
but mostly a proxy for other factors

e Spp may alter use of depth as they track
other causal factors (e.g., temperature)

—>  Lighter

Darker

1w Ange ranaraenc

e Bottom Stress Coastal ———» Oceanic

e Strength of wave & current-driven e—— L m —
water movement at the seabed A 4

 PAR = Intensity of underwater light
e Light - Dark (shallow - deep)

 Hue Angle = Spectral distribution
(i.e., color) of light

e Red - Blue (coastal - oceanic)

Bottom Stress

Hue Angle

[ Longaue



NRHA Application: Performance

e QOut-of-sample prediction

« Median AUC=0.93
(range from 0.78 - 0.99)

« Median Tjur R*2 =0.50
(0.1-0.75),

« Median RMSE =0.28
(0.09 - 0.42)

e Outperforms stacked (i.e.,
single-species)
spatiotemporal GAMS
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Response to Predictors: Flounders

* Relationship b/w
abundance or P/A &
environmental
predictor variables;
“habitat niche”

e Summer Flounder
(left) vs Winter
Flounder (right)
“optical niche”

e SF spans both coastal
& more oceanic

waters, WF confined to

more coastal

PAR [standansoed)

Hus Angle (standardized)

Summer Flounder Adult covariate effects - COUNT

GLO_BCTRALM o]

Lt

SGLD_BGTTENS_moren)

PAFL (sundarized)

Hd\;ﬂti\nﬂmml
Winter Flounder Adult covariate effects - COUNT
BOTTEMP_awssds_MAX) WBOTTEMP_srvuss M) WOLO_BOTEALIN_merm) 0LO_BOTTEMP_mertny

EAO_SURFTEMF mortr)

(

OLD_S5H_mont S0 BAFRALIN ey ‘ILO_SURFTEMF._montt)

i i

I




Predictor Importance: Summer and Winter Flounders

Pres/abs.model - e What factors are most influential

B | . - in driving habitat use of a spp?
o I - - Surface temp’ and Optical
P parameters universally influential
et ‘ _ e Surface temp more important for
SF salinity more important for
‘ -- e Similar patterns for juvs and

bt e adults

e Bottom temp, annual max

VESSEL . 5 TSTRE B
Model component . ssssss » . BOTSALIN. BOTTEMP_min. . HUEPAR. . YEAR
. BOTTEMP, . MMMMMMMMM . BOTTEMP max. . S5H



Flounders

e Spatio-temporal correlations b/w species after accounting for the effects of

Residual Correlations

ing predictors or biotic interactions?)

predictor variables (evidence of miss
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e Strong + corrs b/w adults and juveniles within species (dispersal lims?)

e \Weaker + Corrs w/ each other (Summer & Winter)

e + Corrs w/ Bluefish and Northern Searobin?
e - Corrs w/ Etropus & Smallmouth flounders



Predictions: Flounders

Summer Flounder

Winter Flounder

| Summer fioundar. adut

Progected

Adult

SPRING

I Summer founder juv

| Progiciod

Juvenile

SPRING

Seasonal
differences in
habitat use
(particularly
Summer Flou)

Stage-specific
differences b/w
adults and
juveniles



Next Steps

e Expand predictor variables to include benthic habitat characteristics
(e.g., BPI, topographic complexity, sediment type)

e Visualize results & make available via NRHA Data Explorer and regional
data portals

* Long-term projections of changes in habitat use, driven by climate
model outputs?

* Include response data from additional surveys (e.g., NEAMAP) to
improve coverage in the nearshore



Selected applications for
NRHA products



Applications for NRHA Products

e Essential Fish Habitat: NRHA provides more
specificity on which environmental factors
influence species distribution. 202 St of e Ecepon

o EFH text descriptions and maps
O Habitat area of particular concern (HAPC)
designations

o Potential for shifts due to climate change and
adaptive approach with automated updates

e State of the Ecosystem Reports: NRHA
provides habitat and climate change
information on managed species

® Single Species Assessments: Addresses

Ecosystem TORs (e.g. butterfish 2022) i
O NRHA provides historic distributions and y
projected distributions due to climate change  *

O Links between environmental drivers and;.

stock health and recruitment

RCP 8.5 (no mitigation)



Publicly Available Data Portals

Intent is to make NRHA products as widely
available as possible

Northeast Ocean Data Portal

Mid-Atlantic Ocean Data Portal (MARCO)
NMES Distribution Mapping and Analysis
Portal (DisMAP)

NRHA Data Explorer (R-Shiny)
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NRHA Data Explorer Demonstration

Available here: https://nrha.shinyapps.io/dataexplorer

| Welcome to the Northeast Regional Habitat Assessment Data Explorer

Regional View

This vigw summs

wrvey and fish
haiitat data at the Northeast regional scale. Specific
surveys-and year ranges can be selected to disploy species
abundance In those surveys

s fishery Independen

atlon wat developed to thare products from the Northesst Reglonal Marine

Bay View

abaylestuary scale.
Specific surveys and year ranges can be selected to display
species abundance in those surveys.

Species View

This view provides 3 deeper dive inla species-specific
fishery independent survey data, as webl as detalled
reports o hablitat use by species and vulnerability of the
species and their habitat toclimate change,

Hisbitat Assessiment INRHAS provides tooks to sxplore fish habitat data, with an emphasis on habitat use, at different regional scalis and by diverse fish and shellfish spacie:

Model View

e ProvIdes outpuls from spatiotemporal models
that describe fish species distributions as a function of
factors,as well as species

ances with one another. Some of these outputs are
dels to profect how fish habitat

change scenarios

in the Nartheast. For more info sbout o

Metadata

For eachof the datasets considered for this habitat
mssessment, a metadats report was created that provides
the data source, an overview of the data product. and
information about data access.

story and team see A

*Datasets displayed on this si
for ather applications
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MNRHA encourages proper use and al

e coltection of these dat
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https://nrha.shinyapps.io/dataexplorer

Northeast Regional Habitat Assessment:
Describe and characterize estuarine, coastal, and offshore fish
habitat distribution, abundance, and quality in the Northeast

NRHA Timeline

environ. layers

Summer 2022
- Finalize and
Summer 2019 Summer 2020 Summer 2021 distribute products

i- NRHA Planning i - Cont. compiling & { - Vetting models :

:- Data Inventory (list of . i preparing datasets : i cont. model runs .

i all datasets in region) _Wlnter 2020 i - Focus species profiles ‘Wl.nter i - Model selection 7Wmter 2022

: - Metadata library :_ Develop Joint model - Joint & GAM/RF runs  : i- Model analysis cont.

- Focus species profiles i- Create benthic layers : i- Model forecasting

- Data inventory ﬂnaﬁzedg i- Gather additional i~ Inshore products cont. 5

H

mmmmmm
2020 2021

|——Identlfv goals & explore data--| |------Gather & prep data Run models & other analysis-—---——-memez| |-mmm- Product creatton & distribution--—
Spring 2020 i Spring 2021 § Spring 2022
i - Compiling and preparing : - Cont. model runs - Model products (maps,
Fall 2019 environmental and Fall 2020 - Comparison of trawl Fall 2021 interactive app etc.)
species datasets survey procedures - Finalize Inshore products

- Data Inventory cont.
- Data and species
explorer apps

- Finalize models &
GAM/Random Forest begin model analysis
species distribution - Begininshore
model runs products

- Begin Joint & - Gather additional

environ. layers

- Model selection summaries
- Write reports & manuscript

- Species length app
- Analysis of species
maturity data and
functional groups
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