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Executive Summary

Species distribution models (SDMs) are critical tools for informing environmental
managers about how the expected seasonal occurrence of target species could overlap with
human use activities throughout a region. The National Aeronautics and Space Administration
(NASA) provided funding to Duke University’s Marine Geospatial Ecology Lab (MGEL)
beginning in 2007 to investigate how their earth observation data can be incorporated into
applications that enhance decision-making for conservation planning and action. This support
has enabled a series of applied research efforts, including MGEL’s development of large-scale,
habitat-based SDMs for 36 cetacean species in the Northwest Atlantic and Gulf of Mexico. Since
then, their efforts have expanded into modeling other marine mammal distribution, and they have
developed new iterations when data has become available. This project is part of a broader report
for NASA that measures the impact of MGEL’s models on environmental management and
research throughout the region.

The first part of this report details results from a user stakeholder analysis that focused on
current applications and individual perspectives of the models. This analysis was done through a
targeted survey that was distributed via relevant channels of users who MGEL was confident had
familiarity with their models. Results from 45 respondents across various sectors and sub-regions
indicated that models were deeply imbedded in regulatory decision-making frameworks and that
respondents had relatively high confidence in their outputs. However, some limitations
associated with extent, data uncertainty, and covariate selection highlighted general concerns
associated with large-scale SDMs.

Using some of the survey results, the second part of this report addressed considerations
for modeling species distribution throughout the Northwest Atlantic. The considerations
addressed: convergence representation, nearshore modeling limitations, and transboundary
cooperation. Recommendations related to each consideration were made:

1) Incorporate a Lagrangian framework to capture short-term, transient resource
accumulation in relevant species

2) Model ecologically important nearshore areas at finer resolution to capture critical habitat
features

3) Strengthen transboundary cooperation and data integration across U.S. and Canadian
jurisdictions to produce robust, spatially explicit species distribution models.

Overall, this work provides insight into how marine mammal SDMs are currently used in
management across the United States Northwest Atlantic and highlights key areas for
improvement. These findings can help guide future model development and further support
effective integration of spatial tools in decision-making throughout the region.
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Introduction

Origination and Background of Modeling Marine Environments

Modeling in marine environments involves quantitatively describing, explaining, or
predicting patterns and processes within the ocean using a combination of data and statistical or
mechanistic models (Ismail & Al-Shehhi 2023). While modeling of physical oceanographic data
like sea surface temperature (SST) and salinity has been in circulation since the 1950s, the
widespread adoption of Geographic Information Systems (GIS) and remote sensing in the 1990s
led to the emergence of more advanced products incorporating oceanographic data such as
spatially explicit species distribution models (Zimmermann et al., 2010). Satellite images
enabled the incorporation of SST and chlorophyll in these models as possible predictors of
abundance at much more frequent timesteps, along with advancements in satellite tagging
technology (Kavanaugh et al., 2021). These predictor variables, called covariates, are the
underpinning for all modern spatial models of marine organisms like mammals, sea turtles, sea

birds, and highly migratory fish species (Scales et al., 2014).

Covariates as a Baseline

In marine systems, direct observation of organisms is challenging due to logistic
difficulties involving data collection, the dynamic nature of environmental conditions, and the
elusive nature of target species. Because it is nearly impossible to survey the seasonal
distribution of all marine organisms, covariates serve as the primary mechanism through which
their movements are hypothesized. Data is derived from sources such as in sifu measurements,
remote sensing platforms, and numerical ocean models to translate physical and biological
oceanographic processes into quantifiable species presence or density predictors (Roberts et al.,

2024). The quality, scale, and ecological relevance of covariates largely determine the



explanatory and predictive power of marine spatial models (Silber et al., 2017). Covariates differ
between organisms based on known insights into their movements and environmental
preferences; for example, ectothermic organisms like sea turtles are more prone to temperature
changes than endothermic organisms like marine mammals (DiMatteo et al., 2024). Because of
this, covariates are selected for use in models of specific organisms in their respective
geographic locations and are often weighted differently based on model outputs (Klaassen et al.,
2025). Movement ecology provides an understanding of how marine organisms interact with
their physical environment, and it is central to informed covariate selection in spatial and

spatiotemporal models.

NASA Involvement in Marine Mammal Density Surface Models
In 2007, the National Aeronautics and Space Administration (NASA) recognized the

importance of developing species-specific density surface models, particularly for protected
species, and provided funding to Duke University’s Marine Geospatial Ecology Lab (MGEL) to
assimilate earth observing data as covariates into marine mammal models (NASA project
NNX08AK73G). This funding contributed to the creation of marine mammal density surface
models (DSMs) that combined relevant species observation and oceanographic data as covariates
to predict their spatiotemporal distribution throughout the year off the Exclusive Economic Zone
(EEZ) of the U.S. Atlantic and Gulf Coasts (Roberts et al., 2016). While prior efforts to estimate
abundance had been applied to these regions in the form of broad distance sampling
methodology and fine-scale regression models, the former did not appropriately represent how
the number of individuals were distributed throughout the region and the latter produced unit-
less estimates. Density surface modeling combined both efforts to produce density maps (Figure

1) that addressed these issues when provided with an appropriate number of survey observations



(Roberts et al., 2016). The original models combined ~1.1 million linear kilometers of line-
transect surveys collected over 23 years with 24 oceanographic and biological covariates to
produce density maps for 36 cetacean species. Since then, updated species and guild-specific
iterations have been developed as more information has become available. MGEL maintains a

model repository of all model regions and versions at: https://seamap.env.duke.edu/models/.
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Figure 1. These two maps show a comparison of mean density predictions of humpback whales from April through November in
the version released in 2017 (left) and the most recent iteration released in 2022 (right). This model utilized additional data,
improved statistical methods, and had an increased spatial resolution. (Credit: Roberts et al. 2022).

Study Area: Northwest Atlantic

The Northwest Atlantic is a region with a high density of marine organisms that are
particularly vulnerable to the increased number of human activities throughout the area. With the
swift uptick in marine economic endeavors, including fisheries, shipping, and offshore energy
uses throughout the east coast of the United States and Canada, environmental managers and

stakeholders have come to rely on not only predictive species density surface models like



MGEL'’s but a variety of other predictive models to aid in decision-making and policy. Through
these informative models, interested parties have forecasted species abundance to determine the

best course of action for these processes with respect to vulnerable ocean inhabitants.

Applications of MGEL's Species Distribution Models

Species distribution models (SDMs) play a central role in the implementation of the
Marine Mammal Protection Act (MMPA) and the Endangered Species Act (ESA) throughout the
U.S. Atlantic and Gulf regions. Under the MMPA, federal and state agencies are required to
develop programs to assess and permit various ocean-use activities while minimizing threats to
marine mammals throughout the region (Silber et al., 2017). MGEL’s SDMs have been used to
estimate the number of “takes” during activities such as offshore energy development, military
training, and seismic surveys. “Takes” is broadly defined by the MMPA as any activity that
attempts to harass, hunt, capture, or kill any marine mammal within waters of federal jurisdiction
(Roman et al., 2013). Because MGEL’s SDMs provide users with a specific number of
individuals rather than a unit-less density estimate, they have been crucial in issuing Incidental
Harassment Authorizations (IHAs) or Letters of Authorization (LOAs) if offshore activities
anticipate potential “takes” of species throughout their region of interest.

Under Section 7 of the ESA, agencies are required to protect critical habitat of
endangered species and create plans for their recovery. By mapping seasonal density and
identifying hotspots of vulnerable species, these SDMs allow regulators to evaluate spatial
overlap between protected species and offshore activity footprints, refine mitigation measures
like seasonal restrictions or dynamic management areas, and inform long-term recovery. This is
especially critical for the highly endangered North Atlantic right whale (NARW), which has a

total current population hovering around 380 individuals (Pirotta et al., 2025). Accurate spatial



predictions of elevated NARW densities during migration and foraging periods enable agencies
to implement seasonal vessel speed reductions and restrict high-noise activities like piledriving

to minimize adverse anthropogenic effects on this highly vulnerable species (Mullen et al 2013).

Objectives

The remainder of this report will address current stakeholder usage of MGEL’s marine
mammal density surface models in the U.S. Atlantic and anticipated needs in future model
iterations. Through this analysis, this region will then be used as a case study for the broad
application of distribution models and considerations that need to be addressed. From these
considerations, recommendations will be made to inform future modeling endeavors in the

Northwest Atlantic.

Methods

Survey Distribution

To gauge model usage applications as part of a report to NASA, a survey was sent
through multiple relevant channels from November 2025 through January 2026. It was presented
in-person at the Northeast Regional Ocean Council (NROC) meeting and sent out via monthly
news emails for the Regional Wildlife Science Collaborative (RWSC), Mid-Atlantic Regional
Council on the Ocean (MARCO), and Ocean Biodiversity Information System-Spatial
Ecological Analysis of Megavertebrate Animal Populations (OBIS-SEAMAP). To ensure
valuable perspectives were captured, it was also shared through direct correspondence with
relevant government employees responsible for spatial planning and compliance throughout the

region. This distribution strategy was designed to maximize participation, reduce platform-



specific sampling bias, and capture perspectives from researchers, managers, and practitioners
engaged in marine mammal science, management, and policy.

The survey was hosted within Duke’s version of the Qualtrics platform, and content
focused on both current and potential applications of MGEL’s marine mammal models.
Respondents were asked about their level of familiarity with the models, frequency of use, and
primary use cases. These cases included research, regulatory review, marine spatial planning,
and conservation decision-making throughout the region. The survey also included questions
evaluating the suitability of model extent, resolution, and temporal coverage for respondents’
needs, as well as how uncertainty and model outputs are interpreted and communicated in their
work. Open-ended questions invited detailed feedback on barriers to use, desired enhancements,
and additional products or features that could improve model usability and relevance across
management and scientific contexts. Respondents were allowed to leave questions unanswered,
with a completion threshold of 70% to be included in analysis. The complete survey can be
found in the Appendix section of this document.

To analyze the results, a combination of quantitative and qualitative approaches were
used. Open-ended responses were imported into NVivo 15 and analyzed using thematic coding
to systematically identify patterns, emergent themes, and relationships across open-ended
responses. General themes identified in NVivo were exported in a structured format and

imported into R for further quantitative analysis of thematic patterns across responses.

Results

Survey Analysis

The survey recorded a total of 52 responses, 45 of which were filled out adequately for

analysis. Results are presented in sub-sections based on underlying themes from questions.



Areas of Focus

94% of respondents stated that they had used MGEL’s models currently or in the past.
One metric used to track usage was geographic area of interest based on categorical regions
(found in the Appendix). Figure 2 shows that the entire Atlantic coast was the most frequently
cited (17.5%), with New York Bight (16.8%), Southern New England (16.1%), and the Mid-
Atlantic (16.1%) also having significant focus. Areas of focus representing “Other” were either
regions outside the US Atlantic (Canada) or highly localized regions. Respondents were also
asked to share which layers were most frequently used. “Higher-priority species/guilds” were the
most prevalent responses (20.2%), with “All available species/guilds” closely behind (19.3%).
The emphasis on higher priority species was echoed in open-ended single species responses, with

88% specifically noting the use of NARW layers.
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Figure 2. These maps show the distribution of geographic areas of focus where respondents use MGEL marine mammal models.
Sector Involvement
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Preliminary analysis explored the categorization of response by sector. The results
indicate that usage is largely concentrated within government agencies (66.7%), with lower
engagement from non-government, industry, and academic sectors (13.3%, 13.3%, 4.4%, and
2.2% respectively) (Figure 3). Sector involvement is used as a comparative variable across

applicable results in the remainder of this section.

Sector

. Government — 66.7%

B industry — 13.3%

. Non-Government — 13.3%
Other — 4.4%

. Academic — 2.2%

Figure 3. This pie chart showcases the distribution of sectors that respondents of the survey belong to.

Impact of Models on Decision-Making & Goals

Respondents were given multiple options to determine all possible ways models directly
informed decisions and actions for their work. “Conservation and protected species
management” and “Environmental review and permitting” were first (25.5%) and second
(24.1%) respectively (Figure 4). “Research and monitoring” and “Marine spatial planning and
human use” are the third (16.8%) and fourth (16.1%) most prevalent responses. The single

respondent who answered “Other” wrote in “Natural Resource Damage Assessment” as another
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action that models helped inform. Across open-ended responses, the MMPA was mentioned 9
times while the ESA was mentioned 18 times. While individuals in the government made up the
majority of applicable results across all categories (75.2%), Non-Government respondents were
distributed across all but one category and the remaining two sectors (Industry and Other) were

each distributed across three categories.

Decisions & Actions that Models Inform

_ 24.1 D/o
Sector
16.7%
. Academic
Marine spatial planning for 16.1% . Government
human use e . Industry
. Non-Government
Climate and habitat 9.5%
assessments to inform policy 27 Other
Public communication - 6.5%
Other I1.5%
Q

Figure 4. This bar chart showcases the decisions and actions that are directly informed by MGEL marine mammal models across
sectors.

Conservation and protected
species management

Environmental review and
permitting

Research and monitoring

%

91% of respondents said that models have improved their abilities to meet regulatory,
management, or conservation goals. 59% of responses included specific open-ended answers that
were categorized into six thematic groups (Figure 5). “Regulatory compliance & legal

defensibility” (29.6%) was the most emergent theme (29.6%) from this analysis. “Spatial
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planning & conservation prioritization” (22.2%) and “Environmental review, impact assessment
& mitigation” (18.5%) were second and third respectively. While “Efficiency & capacity
building” (14.8%) was the fourth most prevalent theme, “Stakeholder communication &
coordination” (7.4%) and “Gap identification & adaptive management” (7.4%) were tied for fifth
(Figure X). Across sectors, Government made up 74% of total responses and was represented
across all themes. Non-government (7.4% of total responses) was represented across three
themes while Industry (14.8%) and Other (3.7%) were represented across two and one theme(s)

respectively.

Model Improvement of Goals

Regulatory compliance & o
legal defensability 29.6%
Spatial planning & 22 29,
conservation prioritization =
Sector
Environmental review, impact 18.5%
assessment & mitigation >’ . Government
. Industry
Efficiency & capacity 14.8% . Non-Government
building R oth
er
Stakeholder communication &
coordination
0

7.4%

Gap identification &
adaptive management

%

Figure 5. This bar chart showcases categorical ways in which MGEL marine mammal models have improved regulatory,
management, or conservation goals across sectors.
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Model Perceptions & Limitations: Extent and Resolution

Respondents were asked about their perspectives on whether the model extent met their
needs and those that answered “No” (40%) were asked to explain why. Open-ended responses
were sorted into five themes. The most common themes were desire for more offshore extension
(31.2%) and extension into Canadian waters (31.2%). The remaining three themes (12.5% each)
were temporal extension, nearshore extension, and extension into other U.S. waters.

Respondents were also asked about whether the current resolution and unit size were
appropriate for their needs and, similarly, those that answered “No” (21%) were asked to specify.
Of those respondents, 16% explained their reasoning. 43% of those responses stated that
resolution was adequate but finer was always preferred when possible. The remaining 57% of
responses were divided evenly into issues with nearshore resolution (28.5%) and resolution

issues that were case dependent (28.5%).

Model Perceptions & Limitations: Output Confidence

Respondents were asked to rank their confidence in model’s predictions or outputs on an
integer-based scale of 1 to 5 with 1 being least confident and 5 being most confident. Of the 45
total respondents, 91% of respondents elected to report this number. Confidence ratings among
respondents (n = 41) were generally high (median = 4, IQR = 3-4), with 68% indicating high
confidence (ratings of 4 or 5). Only one respondent (2%) reported low confidence (rating of 2),
and no respondents selected the lowest rating (1). Confidence ratings were significantly higher
than neutral (Wilcoxon signed-rank test, p < 0.001), with a large effect size (r = 0.67). Figure 6

shows the distribution of confidence rankings across sectors.
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Respondent Confidence in Model Outputs

53.6%

50

Sector

. Academic
. Government
- Industry

. Non-Government
Other

40

%

29.3%

30

14.6%

2.4%
0%
1 2 3
Confidence Score

Figure 6. This bar chart shows confidence rating of model outputs across sectors, with 1 being least confident and 5 being most
confident.

Among the 91% that provided a confidence rating, 71% included an explanation for their
rating. Explanations were divided into six thematic groups and plotted across sectors (Figure 7).
Explanations could be more than one category if their responses met multiple criteria.
“Conditional or scale-dependent confidence” (26.4%) and “High confidence in methodology”
(26.3%) were the most common groupings. “Data limitations & uncertainty constraints” (23.6%)
and “Acknowledgment of general model limitations” (15.8%) were third and fourth respectively.
The least prevalent groups were “Desire for model improvement & future integration” (5.2%)
and responses that felt that models were “Appropriate for regulatory use” (2.6%). As the most
prevalent sector, Government was represented across all six groups and made up 52.7% of

responses to the question. Industry (18.5% of responses) and Non-Government (13.1% of

15



responses) were both represented across four thematic groups. Academic and Other had the

lowest sector representation (5.2% of responses), representing across two thematic groups.

Respondent Explanations of Confidence in Models

Conditional or
scale-dependent confidence

e —

26.4%

0,
methodology 26.3%

Sector

Data limitations & 23.6% . Academic
uncertainty constraints v
- Government
. Industry
Acknowledgment of general o
model limitations 15.8% . Non-Government
Other
- 5.ZU/°
opriate for reg or
Appropriate for regulatory .2.6%
use
Q

Figure 7. This bar chart shows common themes across open-ended responses explaining confidence rating of model outputs
across sectors.
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%

Model Perceptions & Limitations: New Covariates

One of the most important aspects of this survey data was obtaining perspectives about
new covariate incorporation that had not been previously represented in the models. An example
of the current covariates in the models can be seen in Figure 8 below. Other species/guilds may

have differing covariates based on the known factors that contribute to their distribution.
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Type Covariates Resolution  Description

Spatial Xy Skm Easting (m) and northing (m); geographic location in the projected
coordinate system of the analysis
Static Depth, Slope 30 arc sec Seafloor depth (m) and slope, derived from SRTM30-PLUS global
bathymetry (Becker et al. 2009)
DistToShore, 30 arc sec Distance (km) to the closest shoreline, excluding Bermuda and
DistTo125m, Sable Island, and various ecologically relevant isobaths,
DistTo300m derived from SRTM30-PLUS

Fetch_50km 30 arc sec Mean distance (km) to shore averaged over 16 radial directions, limited to
a maximum of 50 km

Physical SST_CMC 0.2°,daily ~ Sea surface temperature (°C) from GHRSST Level 4 CMCO0.2deg and
oceanographic CMCO.1deg (Brasnett 2008, Meissner et al. 2016)
DistToFront063, 0.2°, daily ~ Distance to front in daily CMC_SST images detected with the edge
DistToFront105, detection algorithm of Canny (1986) with MGET (Roberts et al. 2010);
DistToFront207 3 parametrizations tested
BotT_HYCOM, 0.08°,3h Bottom temperature (°C), and sea surface and bottom salinity (PSU),
SSS_HYCOM, from the HYCOM GOFS 3.1 3-hourly ocean model
BotS_HYCOM (Chassignet et al. 2009)
WindSpeed 0.25°,6 h Wind speed (m s™') from the CCMP V2 L3 surface wind vectors (Atlas et
al. 2011, Wentz et al. 2015)
Biological Chl 4 km, Chlorophyll a concentration (mg m~) from Copernicus GlobColour
monthly (Garnesson et al. 2019) provided by Copernicus Marine Service

(CMEMS product code OCEANCOLOUR_GLO_CHL_L4_REP_
OBSERVATIONS_009_082)

PP_VGPM, 4 km, Net primary productivity (mg C m~*d~") from the Vertically Generalized

PP_EVGPM, monthly Production Model (VGPM) (Behrenfeld & Falkowski 1997), ‘Eppley’

PP_CbPM, VGPM (Eppley 1972, Morel 1991), Carbon-based Production Model

PP_CAFE (CbPM) (Behrenfeld et al. 2005, Westberry et al. 2008), and Carbon,
Absorption, and Fluorescence Euphotic-resolving (CAFE) model (Silsbe
etal.2016)

Figure 8. This table represents an example of the spatial, static, physical oceanographic, and biological covariates that are
currently incorporated into NARW models (Credit: Roberts et al 2024).

35.5% of respondents included suggestions for new covariates. From these responses,
general categories were compiled to represent overlapping and novel suggestions. The results of
these categories can be seen in Figure 9 below. The introduction of relevant prey fields is in the
overwhelming majority (56.2%, n = 16) as the most suggested covariate. Suggestions related to
“Currents” (12.5%) were the next most prevalent suggestions, with “Distance to bathymetric

features”, “Eddy conditions”, “Overlapping organism occurrence”, “sound speed”, and “wind

direction” tied for the third most common suggestions (6.2% each).

Suggested Covariates

Prey fields — 56.2%

Currents — 12.5%

Distance to bathymetric features — 6.2%
Eddy conditions — 6.2%

Overlapping organism occurrence — 6.2%
Sound speed — 6.2%

Wind direction — 6.2%

¢

Figure 9. This pie chart represents survey results from suggested covariates for future marine mammal SDM iterations.

17



Survey Discussion
Areas of Focus

Capturing geographic areas of focus is an important component for characterization of
use cases, as the division of regions reflects both ecological gradients and management units for
conservation (Brill et al., 2025). By explicitly delineating geographic regions and capturing them
as areas of focus, we can better understand where models are most frequently used and the
subsequent ecological or management drivers underlying their use. Because marine mammal
presence varies across both regions and seasons, documenting each respondents’ area of focus
provides insight into how perspectives and model applications differ throughout each region. For
example, offshore waters of the New York Bight have documented several occurrences of baleen
whales overlapping with important human use areas, which highlights the value of using spatial
data for risk assessment (Chou et al., 2022). In the Gulf of Maine, shifting prey due to climate
change has caused the foraging grounds of highly endangered NARWSs and other species to shift
in response (Pirotta et al., 2025). Long-term surveys in the Southern New England and Mid-
Atlantic Bight regions have directly informed observations incorporated in species distribution
models. The Southeast Atlantic has comparatively limited long-term and spatially uneven data
collection, which may reduce model performance throughout the region. Because the entire U.S.
Atlantic represented the largest geographic focus area, future model iterations should prioritize
incorporating the best available data across all regions. As many vulnerable species migrate
throughout the Atlantic corridor during foraging and breeding seasons, comprehensive,
coastwide data integration is necessary in ensuring accurate representation of seasonal habitat

use and density patterns.
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Sector Involvement

Because of the disproportionately high Government responses (66.7%), comparative
thematic results largely represented those insights. This suggests that the application and
familiarity of models may be more prevalent in governmental contexts than in other sectors;
however, this could also be attributed to the channels through which the survey was dispersed, as
well. While it would have been ideal to capture all perspectives equally, the voluntary nature of
this survey negated that. Because models were originally created for federal agencies like the
Department of Defense / US Navy, National Oceanic and Atmospheric Administration (NOAA),
and the Bureau of Ocean Energy Management (BOEM) to accurately estimate marine mammal
density, it does make sense that the bulk of respondents work within some level of government.
The even split between Industry and Non-Government (13.3% each) reflects the broad

application of models to both human use planning and conservation prioritization.

Impact of Models on Decision-Making & Goals

Comparing sector distribution across the decisions and actions that models support
highlights where outputs are most frequently applied in practice. The prominence of
“Conservation and protected species management” and “Environmental review and permitting”
as primary actions indicates that model outputs are deeply embedded within regulatory decision-
making frameworks. Frequent references to the MMPA and ESA throughout open-ended
responses further reinforce that these tools are being used to support federal regulations,
particularly those related to risk assessment, take authorization, and species-specific status
designations.

The theme of compliance is further solidified through responses that address the role of

models in supporting regulatory, management, and conservation goals. As the most frequent
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thematic group, “Regulatory compliance and legal defensibility” further highlighted the critical
role that models play in regulatory decision-making. One respondent noted that the models
“provide a quantitative analysis for making required findings under environmental laws,” while
another emphasized that they had been “essential to the accurate completion of regulatory
documents and assisted in specifying alternative and mitigation requirements for many projects.”
Models were also cited as being crucial in linking species distribution data to human use
planning. Respondents noted that they help identify “core habitat areas for three whale species in
ocean management plan[s]” and highlight “high-density areas to be avoided for activities
potentially harmful to marine mammals.”

The strong representation of respondents within the government indicates that state and
federal agencies remain the primary users of these models. However, the presence of Non-
Government, Industry, Academic, and other sectors across multiple categories demonstrates that
model outputs are integrated more broadly into applied research, operational planning, and

environmental assessment processes.

Model Perceptions & Limitations

Respondents that had critiques about model extent and resolution raised valid concerns
that highlighted important considerations for improving model applicability and accuracy. Those
that desired Canadian extension were concerned about the shifting distribution northward of the
NARW and other species in response to prey shifts, emphasizing the importance of international
collaboration. Because of this northward shift, MGEL is in the process of developing a NARW
transboundary model in collaboration with NOAA and Fisheries and Oceans Canada.
Respondents also desired the creation of similar species distribution models in the US Pacific;

however, because of the different climatological versus contemporaneous nature of the Atlantic
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versus the Pacific, a different modeling approach would need to be used (Mannocci et al., 2017).
Respondents also desired model coverage to extend further into coastal and nearshore systems.
Nearshore issues were also brought up when asked about whether resolution and unit size were
appropriate for respondents’ needs. The desire to have a 1 km x 1 km resolution as opposed to 5
km x 5 km was echoed specifically when dealing with use cases in nested bays and state waters.

Open-ended responses about confidence in model outputs provided important context for
the use cases of surveyed individuals. While confidence was generally high, with respondents
noting that outputs were “the best depictions of current knowledge” and recognized the
reliability of them as datasets, limitations were still highlighted. Confidence was tempered by
gaps in underlying data, including limited temporal coverage, issues with handling nearshore
densities, and variable data quality. One respondent noted that stochastic environmental events,
temporal variability, and cryptic species behaviors, particularly for NARWs, reduce predictive
certainty. Overall, respondents view the models as a strong baseline but note that additional
covariates and observational data could enhance site-specific outputs for more effective
management.

New covariate suggestions provided insight into the focus areas of users. While most
suggestions recommended more robust prey fields (either in terms of density or specific target
species), supplementary reports provide explanations about model handling of relevant prey field
proxies. Because of the potential to overwhelm the software being used in model generation, not
all possible covariates could be incorporated. Instead, similar possible covariates (i.e. Net
Primary Productivity and zooplankton biomass) were combined with other covariates in
preliminary models and ranked based on their predictive power. Those with the highest rank

were included in final model iterations (Roberts et al., 2023). One response was curious about

21



how current and wind direction particularly in Cape Cod Bay affected the distribution of Calanus
finmarchicus, a copepod that serves as the primary food source for NARWSs. Another response
suggested not only a prey density field, but prey habitat suitability as a possible covariate. While
distance to bathymetric features was stated as a suggestion, current models already incorporate
this as a covariate for relevant species/guilds. Sound speed was also mentioned as a suggested
variable, which could be particularly important because the way sound propagates through the
water column influences marine mammal communication, prey detection, and habitat use

(Affatati et al., 2022).

Future Modeling Considerations

Moving away from the survey, this section focuses on potential considerations that need
to be addressed when modeling not only the density of marine mammals, but all species
throughout the Northwest Atlantic. This section is split into considerations for convergence

representation, nearshore limitations, and transboundary cooperation.

Convergence Representation

Marine organisms do not respond to singular environmental variables; instead,
aggregation across related trophic levels occurs where multiple physical and biological processes
intersect (Ehrnsten et al., 2019). This co-occurrence of prey, predators, and favorable
environmental conditions is a result of oceanic convergence. It is a defining feature of marine
systems in the Northwest Atlantic and underpins the distribution of many highly mobile species
throughout the region. While many survey respondents suggested incorporating a more robust

prey field covariate in future model iterations, capturing extensive data about the process through
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which prey aggregates could provide valuable insights into the distribution of target species.
Three processes are particularly important drivers of convergence: 1) the long-term interaction of
persistent frontal systems that structure the environment, 2) short-term, dynamic measurements
of water parcel movement, and 3) the patchy organization of prey fields that creates locally high

prey concentrations.

1) Interaction of persistent frontal systems

In the Northwest Atlantic, a variety of semi-persistent fronts and boundaries form
stable physical structure that organize biological productivity. These fronts create
gradients that enhance nutrient retention and can aggregate phytoplankton and
zooplankton (Mangolte et al., 2023). Because these are often the basis of the food web
and facilitate prey aggregation across different taxa models, the co-occurrence of fronts
with elevated biomass are a valuable indicator for predator abundance (Belkin 2021).
Frontal zones serve as foraging habitats that sustain high prey densities and provide cues
that predators use to locate food. Studies show that marine vertebrates use fronts as
foraging habitats and that frontal persistence, strength, and spatial scale significantly
influence predator-front associations beyond what raw SST or chlorophyll would predict
(Scales et al., 2014).

Many covariates in current density surface models for the region, including
MGEL’s, describe the spatial context of frontal systems and their proximity to observed
species locations through a combination of distance-to-front metrics that anchor frontal
formation along continental shelf break and other topographic features (Roberts et al.,

2024). While they’re effective at describing the spatial relationship between these
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2)

systems and their proximity to individual organism observations, they do not address
frontal persistence or intensity. To appropriately represent frontal systems, models need to
incorporate data capable of distinguishing between strong versus weak fronts and
persistent versus ephemeral ones. This data is particularly important across Atlantic shelf
break systems like the Mid-Atlantic Bight (MAB) and Georges Bank, where fronts align
with bathymetric features to concentrate prey and aggregate predators. An Eulerian
approach, which describes environmental variability by measuring changes in ocean
properties at fixed locations in space over time, is particularly well-suited for strong,
persistent fronts. Applying a Eulerian approach to organizing this variability
conceptualizes frontal systems as static fixed features in space, providing a useful

foundation for characterizing their short-term temporal dynamics.

Lagrangian Features

Another core contributor of co-occurrence within the region emerges from short-
term dynamic measurements of water parcel movement, which helps maintain aggregated
prey and predator distributions across time (Peng et al., 2024). Raw covariates such as
SST and chlorophyll describe static environmental state at a location, but they do not
illustrate how short-term flow dynamics organize transport and retention of water,
nutrients, and planktonic organisms (Peng et al., 2024). These dynamics lead to the
formation of Lagrangian features, which can be described as structures in the flow that
organize where water goes, features that persist in the motion of the water, and pathways
or barriers that shape transport over time (Antivachis et al., 2023). Finite-Time Lyapunov

Exponents (FTLE) provide an intuitive way to describe these processes and have
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emerged as a valuable tool for detecting Lagrangian features in marine systems. At a
basic level, FTLE is a diagnostic tool that measures how water parcels move relative to
one another over time (Veatch et al., 2025). If two nearby parcels of water rapidly
separate, FTLE values are high; if they remain close or are drawn together, FTLE
highlights the boundaries where Lagangrian features are located (Peng et al., 2024).
Utilizing FTLE as a tool allows modelers to map hidden flow structures that shape how
water and organisms are passively transported and concentrated over time throughout
study areas.

In the Northwest Atlantic, the MAB has been used as a compelling case study for
this technique. A study using oceanographic data from 2013-2022 found distinct
differences between stratified and well-mixed periods throughout this sub-region. During
spring and summer, when stratification increases frontal activity and surface
convergence, dynamic Lagangrian features are more numerous and spatially complex,
creating seasonally persistent pathways and retention zones that can influence the
distribution and connectivity of plankton, fish larvae, and higher trophic-level prey
(Veatch et al., 2025). These features may contribute to predictable hotspots of biological
activity over time, increasing the ecological value of certain areas during periods of high
stratification. In contrast, fall and winter periods exhibit fewer and weaker attracting
features due to enhanced mixing and wind forcing, ultimately leading to reduced spatial
predictability of ecological processes (Veatch et al., 2025). Although some Lagangrian
features persist year-round (particularly near the shelf break), the seasonal influence of

their strength cannot be ignored in modeling species abundance. Incorporating dynamic
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seasonality into spatial planning frameworks can improve the timing and placement of

management actions.

3) Prey field organization metrics

Mean values of chlorophyll or other metrics of primary productivity have been
shown to be poor predictors of predator distribution because prey often isn’t evenly
distributed (Benoit-Bird et al., 2013). Instead, it is often concentrated in uneven patches
that exist across different scales and depths. Studies in diverse marine systems show that
predator-prey relationships are better predicted by characteristics of these prey patches
(like local density, spatial variance, and structure) rather than by raw biomass estimates
like chlorophyll-a abundance (Benoit-Bird et al., 2013). Predators utilize these patches of
high prey concentration as a food source instead of areas illustrated solely by mean
productivity. However, it’s not just the existence of these patches but the biomass
concentration within them that drive distribution. Prey patches with “high quality”
portions of higher biomass have been shown to drive higher cetacean abundance than
patches with “lower quality” portions regardless of total patch biomass (Cade et al.,
2021). Utilizing in situ data about the density of these prey patches could lead to more

accurate predictions about where species are congregating throughout the year.

Nearshore Modeling

Modeling species density in nearshore environments present unique challenges due to the
high spatial and temporal variability inherent in these areas. One issue that survey respondents

had with model extent was difficulty with its nearshore abundance outputs. Two major
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difficulties associated with mapping these environments are 1) remote sensing limitations and 2)

high environmental variability.

1) Ocean Color and Remote Sensing Limitations

Satellite-derived ocean color and other remotely sensed biological proxies are a
common input for marine species models, but their reliability diminishes as the study area
moves closer to shore. Frequent data gaps due to cloud cover and algorithm complexities
in shallow waters lead to the aggregation of multiple sources of satellite data over larger
time and space scales (Geiger et al., 2021). As a result, small-scale changes in relevant
variables that drive short-term organism distribution can be masked. In the U.S. Atlantic,
using ocean color as a measurement for nearshore study areas can be complex due to high
turbidity, riverine inputs, and colored dissolved organic matter (Aurin & Dierssen 2012).
These factors interfere with satellite retrievals, making chlorophyll-based estimates less
reliable close to shore. Nearshore shading, shallow substrates, and suspended sediments
can create localized “false positives” in chlorophyll retrievals, suggesting high primary
productivity where prey densities are low (Gieger et al., 2021). At the opposite end of the
spectrum, turbid waters may mask ocean color tools’ ability to identify areas of actual
productivity. While this measure of primary productivity is often used to infer prey
availability, interference tends to obscure fine-scale hotpots of benthic-pelagic coupling
that drive abundance (Blakey et al., 2016). Additionally, the relationship between
chlorophyll-a and actual prey density varies seasonally and cannot be used as a direct
representation. While a strong chlorophyll signal can indicate spring blooms, strong tidal

flushing or stratification closer to shore has the potential to disperse zooplankton that
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feeds on these phytoplankton blooms (Housekeeper & Kudela 2019). As a result, larger
prey does not necessarily aggregate in areas where ocean color measurements indicate
high chlorophyll concentration, but instead wherever the zooplankton they’re predating
on is moved.

Overall, many remote sensing products that are used to capture data for covariates
in SDMs become less reliable as they move closer to shore. Distinguishing land from
water becomes more difficult, particularly with lower-resolution data and complex
coastlines (Mikelsons et al., 2021). In the Northwest Atlantic, coastal areas with narrow
shelves and estuaries (like Cape Hatteras, the Mid-Atlantic Bight, and Cape Cod) create
challenges for satellite sensors attempting to classify pixels as ocean or land. When the
spatial resolution of satellite imagery is coarse relative to the coastline, individual pixels
may contain both land and water. Potential misclassification of these pixels misrepresents
the geomorphology of the coastline, which results in measurement errors for covariates
like SST and chlorophyll-a (Pahlevan et al., 2016). As a result, SDM-based nearshore
abundance estimates of cetaceans and other organisms that frequent waters along
complex coastlines may be inaccurate. To rectify this, models may benefit from the
incorporation of higher-resolution remote sensing products, coastal-specific ocean-color

algorithms, or complementary in sifu observations to better represent habitat conditions.

2) High environmental and structural variability
Nearshore systems are characterized by rapid and often unpredictable fluctuations
in physical and chemical conditions that can vary over daily, tidal, or seasonal cycles

(Klassen et al., 2025). Changes in temperature, salinity, turbidity, and currents occur at
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spatial and temporal scales finer than most predictive datasets can determine. To resolve
this issue, fine-scale data is often smoothed in broad-scale environmental layers and
satellite products, which limits the ability to capture the dynamic conditions that structure
nearshore habitats (Robinson et al., 2017). Coastal complexity further alters local
circulation and prey retention mechanisms that are difficult to capture in broad-scale
covariates, which complicates accurate habitat forecasting for SDMs (Robinson et al
2017). These limitations can be seen in particular with species that frequent nearshore
environments. Harbor porpoise distribution is linked to substrate and fine-scale
hydrodynamic features in shallow waters, showcasing how nearshore variability drives
habitat associations for certain species (Mzungu Runya et al., 2025). Sand lance, key
forage fishes in the Northwest Atlantic, depend on shallow sandy substrates and dynamic
coastal habitats that are often poorly represented in coarse environmental datasets
(Staudinger et al., 2020). SDMs that cover a large area may capture broad-scale trends,
but without incorporating fine-scale nearshore variability, they risk oversimplifying

habitat suitability and misrepresenting critical areas for management and conservation.

Transboundary Cooperation

The Northwest Atlantic is a highly dynamic, transboundary marine environment,

spanning the national jurisdictions of the United States and Canada. Many species of interest,

such as cetaceans, migratory seabirds, and fish species, move freely across these borders, making

transboundary collaboration critical for accurately modeling habitat distributions. Survey

respondents who expressed a desire to extend the model’s reach further north into Canadian

waters were primarily interested in mapping the abundance of species whose habitat has shifted
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further north in response to shifting prey. Integrating environmental and species occurrence data
across jurisdictions can vastly improve predictive power of SDMs, especially as warming
climates are shifting species distributions, but cooperation is hindered by limitations such as 1)
differences in data availability and collection methods, 2) regulatory and legal restrictions, and 3)

coordination and resource constraints.

1) Differences in data availability and collection methods

Differences in environmental data availability and collection methods present a
major challenge for developing accurate SDMs in the Northwest Atlantic. Environmental
covariates such as SST, chlorophyll-a, salinity, and bathymetry are often compiled from
multiple sources with varying spatial and temporal resolutions, processing procedures,
and monitoring frequency (Pennino et al., 2019). When satellite data are combined with
in situ data from different programs, these inconsistencies can lead to uneven predictor
coverage and complicate interpretation of SDM outputs.

Species data can also vary by survey platform and gear type, and these
methodological differences can introduce spatial and taxonomic biases in SDMs if not
accounted for. For example, U.S. national bottom-trawl surveys, which are designed to
sample fish and benthic taxa abundance across broad continental shelf habitats, may
under-sample nearshore soft-sediment environments that are critical to early-life stages of
many species. Studies have also shown that gear used in these survey types are known to
capture fewer juvenile and early life history stages compared with surveys using gear
designed for shallow or fine-scale sampling (Lockhart et al., 2023). This bias may result

in a misrepresentation of juvenile target species abundance and habitat use for SDMs.
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Similarly, NARW monitoring differs between U.S. and Canadian waters. In the
U.S., NOAA conducts systematic aerial surveys along the East Coast, complemented by
vessel-based observations and passive acoustic monitoring, which provides high-
resolution, year-round data on seasonal distribution and habitat use (Kraus et al., 2016).
Canadian surveys, conducted primarily by Fisheries and Oceans Canada, focus on the
Gulf of St. Lawrence and adjacent feeding grounds with frequent aerial surveys during
the summer months, but coverage can be more spatially and temporally variable due to
the recent shift of NARWSs further into Canada in response to shifting prey distribution
(Crowe et al., 2021). These differences in survey frequency, area coverage, and platform
emphasis can create gaps or inconsistencies in occurrence data when combining datasets
across jurisdictions. Collaborative efforts such as photo-identification databases and
coordinated sighting platforms help to mitigate these discrepancies, but variability in
survey effort and temporal differences must be considered when incorporating

transboundary survey data into SDMs.

2) Regulatory and legal restrictions
Regulatory and legal frameworks in the United States and Canada play a critical
role in shaping the collection, sharing and use of data for species distribution models in
the Northwest Atlantic. Many target species are legally protected, and this status shapes
survey design and data accessibility. In the U.S., protections under the ESA and MMPA
regulate activities that disturb or harm individuals, including tagging or habitats
disruption (Mullen et al., 2013). Compliance with these regulations often requires permits

and can dictate how precise location or behavioral data are collected and shared,
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3)

potentially limiting the spatial or temporal resolution of data available for SDMs. In
Canada, the Species at Risk Act (SARA) protects endangered species and their critical
habitat, prohibiting unauthorized harm or habitat destruction. This legal framework
constrains survey timing, methods, and reporting, particularly in sensitive areas such as
the Gulf of St. Lawrence feeding grounds (Raymond et al., 2024). Confidentiality rules
across jurisdictions often apply to high-resolution occurrence data, fisheries catch
records, and detailed survey locations to prevent disturbance or protect commercial
interests (Orofino et al., 2023). Even when data are collected, legal restrictions may
require aggregation or anonymization before release, which reduces their effectiveness in
SDMs.

These legal and regulatory constraints introduce practical challenges for
transboundary SDMs. Differences in permitting, species protections, and data access
policies between the U.S. and Canada can create spatial or temporal gaps in datasets,
affecting model coverage and accuracy. Researchers must navigate permitting processes,
negotiate data-sharing agreements, and balance data resolution with legal compliance.
Recognizing these constraints and coordinating with regulatory agencies early in the

modeling process is crucial to producing robust, legally compliant SDMs.

Coordination and resource constraints

Effective transboundary cooperation in the Northwest Atlantic requires
coordination among multiple agencies, research institutions, and stakeholders across the
United States and Canada. However, coordination and resource constraints present

significant barriers to this cooperation. One example of cooperative science between
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these two entities is the Transboundary Resources Assessment Committee (TRAC), a
long-standing joint U.S. - Canada scientific body that conducts and peer reviews stock
assessments for shared fishery resources in the Gulf of Maine and Georges Bank.
TRAC’s annual assessment cycle requires coordinating data delivery, analytical timing,
and review schedules between the U.S. National Marine Fisheries Service and Fisheries
and Oceans Canada (ten Brink et al., 2023). However, even within this well-established
network, timing and data integration challenges emerge. White papers from the
committee highlight how differences in work product deadlines, data delivery schedules,
and interagency expectations can limit efficiency and require additional coordination
effort (ten Brink et al., 2023).

Beyond formal committees, smaller collaborative research initiatives reveal both
the potential and limitations of transboundary cooperation between the U.S. and Canada.
In the past, both countries have organized collaborative field expeditions in the Gulf of
Maine to survey deep-sea coral habitats, jointly plan ship and ROV deployments, and
share data across federal and academic partners (Metaxas et al., 2019). For expeditions
like these to continue, they require multi-year planning, aligned funding, and shared
logistical support. Both examples reflect the broader limitations for coordination logistics
of transboundary cooperation, where the need to align protocols, legal frameworks, and
operational schedules across jurisdictions place constraints on building and sustaining

fully integrated SDMs in the Northwest Atlantic.
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Recommendations

Improving species distribution models in the Northwest Atlantic requires addressing the
key challenges discussed in the previous section. To enhance SDM performance and better
inform conservation and management, future efforts should focus on capturing both persistent
and transient dynamic features, improving resolution in ecologically important nearshore and

species-specific areas, and strengthening cross-border collaboration and data integration.

1) Incorporate a Lagrangian framework to capture short-term, transient resource

accumulation in relevant species

Incorporating a Lagrangian framework would allow models to better capture
short-term, transient resource accumulation processes that are highly relevant for the
distribution of many species. While a Eulerian approach is integral to capturing long-
term, persistent frontal systems, it runs the risk of missing short-term dynamic changes.
Combining the Eulerian and Lagrangian framework together allows models to distinguish
between persistent frontal habitats and transient short-term aggregations. This can be
achieved by integrating outputs from high-resolution Regional Ocean Modeling Systems
(ROMS), such as Rutger University’s Doppio and East Coast Community Ocean Forecast
System (ECCOFYS), to resolve dynamic features including frontal strength, persistence,
and Lagrangian Coherent Structures. ROMS provide a Eulerian representation of
oceanographic conditions through gridded physical fields, while also allowing for the
incorporation of Lagrangian metrics such as FTLE. This, in turn, improves models’
abilities to capture retention zones, transport pathways, and biologically meaningful

hotspots.
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2)

3)

Environmental managers are increasingly requesting that modelers move away
from traditional SDMs based on known past occurrence data to make models capable of
Near-Real Time (NRT) predictions about where species of interest are. Applying a
Lagrangian framework to relevant covariates would provide more accurate forecasts of
where species will most likely be aggregating based on short-term, dynamic ocean
features. This will ultimately aid in NRT predictive power, allowing managers to make
educated decisions about human use activities that could impact species with the most

up-to-date distribution data available.

Model ecologically important nearshore areas at finer resolution to capture critical habitat
features

Accurately modeling ecologically important nearshore areas is critical for
capturing habitat features that are often missed in broader-scale approaches. Improving
SDM resolution in nearshore and species-specific areas of high ecological importance
(such as feeding grounds, migration corridors, and critical breeding habitats) allows for
more precise representation of habitat use. This can be achieved by integrating high-
resolution satellite products, coastal-specific ocean color algorithms, complementary in
situ measurements, and fine-scale physical features to better resolve both spatial and

short-term temporal variability associated with nearshore environments.

Strengthen transboundary cooperation and data integration across U.S. and Canadian

jurisdictions to produce robust, spatially explicit SDMs.
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Effective cooperation and data integration across U.S. and Canadian governing bodies
is essential for accurately modeling shifting species distributions. This requires the
establishment of shared data standards, survey protocols, and interagency agreements to
ensure compatibility between datasets collected in each country. Incorporating long-term
datasets can be extremely valuable but requires the standardization of differences in past
sampling methods, units, and taxonomy. Comparability approaches such as calibration
between gear types, the use of conversion factors, and the application of statistical
methods to account for sampling bias and detection probability can help with this
standardization. Establishing joint funding mechanisms for data collection and
distribution is a critical aspect within the transboundary SDM framework. These
mechanisms could be through binational agencies or coordinated grant programs, and
would support long-term data collection, infrastructure development, and model
implementation efforts beyond individual projects or jurisdictions.

Coordinated survey methodologies and schedules would allow agencies to align
sampling in space and time, reducing gaps and inconsistencies while improving the
comparability of datasets across borders. These datasets could ideally be funneled into
collaborative research platforms, such as shared data repositories and open-source
modeling frameworks that would aid in facilitation of efficient data exchange,
transparency, and reproducibility. Together, these coordinated efforts create a unified and
scalable framework to address data inconsistencies, funding disparities, and collection
differences. Ultimately, these efforts will enable more cohesive, spatially continuous
SDMs that better reflect the ecology of species traveling between jurisdictional

boundaries.
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Conclusion

Species distribution models are critical tools used in the management of a highly dynamic
and anthropogenically influenced region like the Northwest Atlantic. Engaging with stakeholders
throughout the region that most rely on SDMs is a crucial step in the co-development of models
that better reflect ecological complexity and user needs. Results highlighted in the survey convey
that while SDMs are widely used and highly valued across sectors, there are persistent concerns
regarding their ability to resolve fine-scale variability, transient features, and transboundary data
integration. The recommendations presented here respond directly to those gaps by emphasizing
more process-informed modeling approaches, improved spatial and temporal resolution in
ecologically important nearshore environments, and stronger integration of compatible data
sources across jurisdictions. Specific recommendations for the continuing development of
NASA'’s earth observing remote sensing data collection include higher spatial and temporal
resolution sensors able to resolve more dynamic oceanographic features as well as more
nearshore environments. Ultimately, these advances help ensure that models remain relevant and
reliable tools for managing marine systems and their inhabitants under changing environmental

conditions.
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Appendix

Survey Questions

Introduction

As part of a NASA funded project, the Marine Geospatial Ecology Lab (MGEL) at Duke
University is preparing a report to evaluate how the Roberts et al. (2016) Marine Mammal
Spatial Density Models (SDMs) have supported research and management across the Atlantic
region. These models estimate densities for more than 30 marine mammal species and multi-
species guilds and have informed conservation, risk assessment, and spatial planning since their
initial release in 2016.

This short survey (approximately five minutes) asks about your personal use and application of
the models. Your input will help us understand how the SDMs are being used in practice and
identify how future model development can best meet community needs.

Participation is entirely voluntary, and you may skip questions or stop the survey at any time.
Your responses will be used solely by the MGEL research team to better understand how the
models have been applied, and all information you provide will be kept secure.

The summarized findings will be incorporated in the project’s final report, but no personally
identifying information (such as names or email addresses) will be shared. Contact information is
collected only to allow for potential follow-ups to highlight particularly relevant, novel, or
illustrative use cases, and any follow-up information will also be reported in summary form,
without any personal identifiers.

By clicking “Next”, you indicate your consent for your responses to be used in this research.

Please enter your name and email address. This information will remain confidential; however,
we may email you with follow-up questions. (short answer)

e What sector do you primarily work in?
o Government
o Non-Government
o Academic
o Industry
o Other (please specify)
e Are you familiar with the cetacean species density models developed by the Marine
Geospatial Ecology Lab (MGEL) at Duke University?
o Yes
o No
e Ifyes, how did you first learn about these models? (Short answer)
e Have you ever used these models in your work (currently or in the past)?
o Yes
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O

No

e If you are familiar with the models but do not use them, please explain why. (Short

answer)

e Through which platforms have you accessed the models? (select all that apply)

O

@)
O
@)

National or Regional Data Portals (NROC/MARCO/Marine Cadastre)
MDAT website

OBIS-SEAMAP model repository

Other (please specify)

e Which model layers do you primarily work with? (select all that apply)

O O O O O 0O O O

All available species/guilds

Monthly species/guilds models

Annual (yearly) species/guilds models

Higher-priority species/guilds (i.e., ESA listed species)

Species level products only (not those aggregated by guild)

A subset of 5-10 species/guilds

A subset 1-5 species/guilds

Aggregated summary products (i.e., Baleen whales, Sound sensitivity groups,
ESA listed; for full list see here:
https://mgelmaps.env.duke.edu/mdat/rest/services/MDAT/Mammal SummaryPro
ducts/MapServer)

A single species/guild (please specify)

e What geographic areas does your work focus on? (select all that apply; see RWSC
Subregions map)

O O O O O O

Gulf of Maine

Southern New England

New York Bight

Mid-Atlantic

Southeast Atlantic

Entire U.S. Atlantic Coast

Localized areas (i.e., a specific bay, development area)
Other (please specify)
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Section: Capacity and use of the models
e How have you incorporated the model data itself? (select all that apply)

@)

O O O O O

Accessing and reviewing map visualizations
Downloading and analyzing the GIS layers/data

Using data as inputs to other analytical models
Integrating data into decision-support or mapping tools
Using summaries or statistics derived from model outputs
Other (please specify)

e In what ways have you applied the model outputs in your work? (select all that apply)

O O 0O 0O O O O

Conducting academic or scientific research

Assessing potential environmental impacts

Identifying priority conservation areas

Supporting funding proposals or grant applications

Meeting regulatory or permitting requirements

Informing marine spatial planning or resource management decisions
Supporting stakeholder engagement or outreach materials

46



o Contributing to environmental assessments (i.e., NEPA, ESA consultations, ITAs)
o Developing public communication (i.e. press releases, reports, web content)
o Other (please specify)
What decisions or actions do the models directly inform within your agency or
organization? (multiple choice)
o Environmental review and permitting
Marine spatial planning for human use

o Conservation and protected species management
o Research and monitoring
o Climate and habitat assessments to inform policy

Have model outputs been cited or incorporated into any formal documentation or policy
decisions within your agency or organization? If so, can you give some examples? (short
answer)
Have the models improved your ability to meet regulatory, management, or conservation
goals?

o Yes (please explain)

o No (why not?)

o Not applicable

Section: Future Development of the Species Density Models

Is the current spatial extent of the models suitable for your needs?
(The models cover approximately the entire US Atlantic EEZ (extending 200 nm from
shore) from the tip of Florida north to the Gulf of Maine, as well as a portion of
southeastern Canada, including the Laurentian Channel at the entrance to the Gulf of St.
Lawrence.)

o Yes

o No (please explain)
Is the current spatial resolution and unit size appropriate for your work?
(The models are produced at a spatial resolution of 5 km X 5 km. They estimate absolute
density, expressed as the number of individual animals per 100 square kilometers.)

o Yes

o No (please explain)

When examining the models, are there additional covariates you think would be useful to
include in future iterations? (short answer)

The current models include a range of covariates, such as: spatial (depth, bathymetry,
isobaths), physical (SST, salinity, wind speed) and biological (chlorophyll-a, primary
productivity)
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e Are there any new or emerging remote sensing products that you would like to see
considered as covariates future iterations? (short answer)

e The models include associated coefficient of variation (CV) values (see
“Characterizations of model uncertainty”:
https://seamap.env.duke.edu/models/mdat/mammal.html). Do you find this a useful way
to represent model uncertainty? (Open ended)

¢ How confident are you in the model’s predictions or outputs (with one being the least
confident and 5 being the most confident)?

o Number slider (1-5)
e Please explain your answer: (short answer)

e Do you have any suggestions for how the model outputs could be made more useful or
effective for your work? (short answer)

e As we plan for future versions of the models, what areas would you like to see prioritized
for improvement or development? (short answer)

Section: Near Real-Time Model Development
In partnership with NOAA and the wider community of marine researchers and stakeholders,
MGEL is developing a near real-time modeling system that predicts the daily distribution of
North Atlantic right whales along the U.S. East Coast by integrating visual, acoustic, and
environmental data. The system aims to provide timely, data-driven information to help reduce
risks from human activities.
How would you or your organization use near real-time whale density predictions the most?

o Operational planning

o Regulatory decisions
o Public communication
o Other (please specify)

While the current focus is NARWSs, which other marine species do you think should be
considered high priorities for inclusion as this work expands? (short answer)
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