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Overview

A public Range-wide Gray Whale Science Symposium took place on September 9—-10, 2026,
coordinated by the Marine Mammal Commission and hosted by the Marine Mammal Institute at
Oregon State University in Newport, Oregon. This two-day scientific meeting focused on gray whale
ecology and health across the eastern North Pacific (ENP) and Arctic and synthesized current research
and observations to improve understanding of recent trends in health, feeding behavior, distribution,
and population dynamics, and to identify priorities for future research, monitoring, and coordination.

Goals

The Symposium goals were to:

1) Review gray whale ecology and health status in the context of recent marine ecosystem
variability in the ENP and Arctic;

2) Outline future priorities for gray whale research, health surveillance, and monitoring to help fill
identified data gaps and address management objectives;

3) Enhance communication amongst scientists from Mexico, USA and Canada monitoring and
conducting research on gray whale population status, health and ecology; and

4) Produce a symposium proceedings summarizing presentations and recommendations for future
directions.

Meeting Materials

For meeting recordings and copies of presenter slides, please visit the Marine Mammal Commission's
website: https://www.mmec.gov/gray-whale-science-symposium



https://www.mmc.gov/gray-whale-science-symposium
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Presentations and Panel Discussions

Wednesday, 9 September 2026
Carmen Ford Phillips Auditorium + Zoom

Agenda

8:00-9:00 AM | Arrival & Check-in for In-Person Attendees

9:00 AM Welcome, and Opening Remarks
Lisa Ballance, Oregon State University
Frances Gulland, Marine Mammal Commission

9:10 AM Session 1: Eastern and Western North Pacific Gray Whale Population Overview
Moderator: Aimée Lang, NOAA Fisheries, Southwest Fisheries Science Center

The ebb and flow of gray whales in the eastern North Pacific: from whaling
to warming and a bumpy ride in between

Dave Weller, NOAA Fisheries, Southwest Fisheries Science Center

Josh Stewart, Marine Mammal Institute, Oregon State University

Monitoring gray whale status in the wintering lagoons of Baja California Sur,
Mexico
Steven Swartz, Gray Whale Research in Mexico and The Ocean Foundation
Jorge Urban Ramirez, Gray Whale Research in Mexico and Marine Mammal
Research Program, Universidad Autonoma de Baja California Sur

Western North Pacific gray whales: status and trends (virtual, pre-recorded)
Alexander Burdin, Kamchatka Branch of Pacific Geographical Institute, Russian
Academy of Sciences

Atlantic gray whales: Then and now (virtual)
Randy Reeves, Marine Mammal Commission

Session 1 Discussion
10:20 AM Break

Session 2: Changing Ecology of Eastern North Pacific Gray Whales and the
Pacific Coast Feeding Group
Moderator: Dave Weller, NOAA Fisheries, Southwest Fisheries Science Center




O

Presentations and Panel Discussions

Panel discussion: Eastern North Pacific gray whale regional ecology
This panel builds on a virtual Eastern North Pacific Gray Whale Ecology Meeting held in
May 2026. For more information, see the Meeting Summary and Presentation Slides.

Gulf of Alaska:
KC Bierlich, Marine Mammal Institute, Oregon State University
Lauren Wild, University of Alaska Southeast
Andy Szabo, Alaska Whale Foundation
Offshore Vancouver Island:
Erin Foster, Fisheries and Oceans Canada
Offshore Washington:
John Calambokidis, Cascadia Research Collective
Southern California Bight:
Alisa Schulman-Janiger, American Cetacean Society-Los Angeles Chapter and the
Natural History Museum of Los Angeles County
Baja California Peninsula, Mexico:
Steven Swartz, Gray Whale Research in Mexico and The Ocean Foundation

Connectivity, and lack of connectivity, of PCFG and other ENP gray whales
Jonathan Scordino, Makah Fisheries Management, Makah Tribe

Gray whale adaptation and resilience in a changing ocean with insights from the Pacific
Coast Feeding Group
Leigh Torres, Marine Mammal Institute, Oregon State University

Session 2 Discussion

12:15 PM Lunch

1:45 PM Session 3: Ecosystem Changes Impacting Gray Whales
Moderator: Jason Baker, Marine Mammal Commission

North Pacific marine ecosystems: Eastern North Pacific, California Current, and Gulf of
Alaska seasonal patterns and marine heat events (virtual)
Nate Mantua, NOAA Fisheries, Southwest Fisheries Science Center

Pacific Arctic ecosystems: North Bering and Chukchi sea ice loss and ecosystem
transformation
Kate Stafford, Marine Mammal Institute, Oregon State University



https://www.mmc.gov/wp-content/uploads/Gray-Whale-Ecology-Meeting-Summary.pdf
https://www.mmc.gov/wp-content/uploads/Gray-Whale-Ecology-Meeting-Presentations.pdf
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Presentations and Panel Discussions

Time series trends in benthic prey populations in the northern Bering and
Chukchi Seas
Jackie Grebmeier, Chesapeake Biological Laboratory, University of Maryland
Center for Environmental Science

Exposure risks and impacts of harmful algal bloom (HAB) toxins in marine mammals
Kathi Lefebvre, NOAA Fisheries, Northwest Fisheries Science Center, Wildlife Algal-
toxins Research and Response Network (WARRN-West)

Session 3 Discussion
3:20 PM Break

3:35 PM Session 4: Overview of Lethal and Sublethal Threats to Health and Survival
Moderator: Lori Schwacke, Marine Mammal Commission

Strandings: UME and post-UME update, including cause of death findings
Deb Fauquier, NOAA Fisheries, Olffice of Protected Resources
Moe Flannery, California Academy of Sciences
Barbie Halaska, California Central Marine Animal Response Team

Range-wide assessment of gray whale nutritional status via drone-based
photogrammetry
KC Bierlich, Marine Mammal Institute, Oregon State University

Insights from the Pacific Northwest on alternate feeding areas and nutritional status
John Calambokidis, Cascadia Research Collective

Biomarkers of gray whale physiological status: assessing stress, reproduction, and
metabolic state via hormones and novel biomarkers
Kathleen Hunt, Marine Mammal Institute, Oregon State University

Gray whale ecological responses to environmental change during a prolonged mortality
event revealed by baleen stable isotopes: What can stable isotopes tell us, and what are
their limitations?
Geraldine Busquets-Vass, Centro de Investigacion Cientifica y de Educacion
Superior de Ensenada, Unidad Académica La Paz

Session 4 Discussion

5:20 PM Day 1 Wrap-Up and Prep for Day 2
Peter Thomas, Marine Mammal Commission

5:30 PM Poster Session (Gladys Valley Marine Studies Building — Lobby)




Panel Discussions

Thursday, 10 September 2026
Carmen Ford Phillips Auditorium

9:00 AM | Welcome, and Introduction to Breakout Discussions
Peter Thomas, Marine Mammal Commission

9:10 AM [ Panel Discussion: Gray Whale Population Dynamics
Moderator: Daniel Palacios, Center for Coastal Studies, Marine Mammal
Commission, and Marine Mammal Institute, Oregon State University

Panelists:
Thomas Doniol-Valcroze, Fisheries and Oceans Canada
Aimée Lang, NOAA Fisheries, Southwest Fisheries Science Center
Sergio Martinez, Gray Whale Research in Mexico and Universidad Autonoma de
Baja California Sur
Len Thomas, University of St. Andrews
Paul Wade, University of Washington

10:00 AM | Panel Discussion: Ecosystem Change and Gray Whale Foraging Ecology
Moderator: Lisa Ballance, Marine Mammal Institute, Oregon State University

Panelists:
Jackie Grebmeier, Chesapeake Biological Laboratory, University of Maryland
Center for Environmental Science
Ladd Irvine, Marine Mammal Institute, Oregon State University
Erin Meyer-Gutbrod, University of South Carolina, Marine Mammal Commission
Clarissa Teixeira, Marine Mammal Institute, Oregon State University
Andrew Trites, University of British Columbia

10:55 AM | Break

11:25AM | Panel Discussion: Gray Whale Health
Moderator: Lori Schwacke, Marine Mammal Commission

Panelists:

Frances Gulland, Marine Mammal Commission

Jessie Huggins, Cascadia Research Collective

Jen Jelincic, Marine Mammal Institute, Oregon State University
Mark Sawyer, The Whales of Clayoquot & Barkley

Cheryl Rosa, U.S. Arctic Research Commission




12:15 PM

1:45 PM

3:00 PM

4:00 PM

Panel Discussions

Lunch

Panel Discussion: Cross-cutting Themes and Emerging Priorities
Moderator: Len Thomas, University of St. Andrews

Panelists:
Jason Baker, Marine Mammal Commission
Lisa Balance, Marine Mammal Institute, Oregon State University
Robert Pitman, Marine Mammal Institute, Oregon State University
Josh Stewart, Marine Mammal Institute, Oregon State University
Dave Weller, NOAA Fisheries, Southwest Fisheries Science Center

Future Directions and Next Steps
Frances Gulland & Peter Thomas, Marine Mammal Commission

Meeting Adjourn



Day 1
Presentation | Eastern and Western North Pacific Gray Whale
Population Overview

The ebb and flow of gray whales in the eastern North Pacific: from whaling to
warming and a bumpy ride in between

Presenters: Joshua D. Stewart, Marine Mammal Institute, Oregon State University;
David W. Weller, NOAA Fisheries, Southwest Fisheries Science Center;

Gray whales are one of the best-monitored populations of large whales in the world, with uniquely
comprehensive and long-running time series on abundance, reproductive output, strandings, and body
condition, as well as datasets on the status of prey resources in their Arctic feeding areas. Integrating
these datasets into a combined, mechanistic population dynamics model leverages all available data to
estimate the status and trends of the population. Gray whales have experienced significant variability
in their abundance and vital rates over the past 60 years of monitoring. Major mortality events have
occurred periodically since the 1980s, and have typically been followed by recoveries associated with
increased birth rates and reduced mortality. The current population decline, however, has not slowed,
with low reproductive output for eight consecutive years, and mortality rates that appear to be
accelerating in the past two years. This has resulted in an estimated abundance decline of more than
30% between 2019 and 2026. Annual trends in the population’s carrying capacity are linked to Arctic
benthic prey biomass and ice-mediated access to feeding areas. Despite the ongoing decline, gray
whales remain above Optimum Sustainable Population size as defined by the MMPA. Other
populations of marine mammals that have recovered from post-exploitation lows also appear to exhibit
major fluctuations in abundance and vital rates, suggesting that gray whales may not be unique in their
recent population trends. Arctic-associated species, in particular, have experienced major population
declines associated with rapid Arctic warming. Gray whales have experienced periods of major climatic
change throughout their history, including both periods of warming and ice ages when they were
completely locked out of Arctic feeding areas that have been considered essential feeding habitat in
modern times. While this highlights resilience at the species level to shifting environmental baselines,
it is very likely that the abundance of the population fluctuated considerably over these periods.



Presentation | Eastern and Western North Pacific Gray Whale
Population Overview

Monitoring gray whale status in the wintering lagoons of Baja California Sur,
Mexico

Presenter: Steven Swartz, Gray Whale Research in Mexico and The Ocean Foundation

Jorge Urban Ramirez, Gray Whale Research in Mexico and Marine Mammal Research Program,
Universidad Autonoma de Baja California Sur;

Lorena Viloria Gémora, Gray Whale Research in Mexico and Universidad Auténoma de Baja
California Sur;

Sergio Martinez Aguilar, Gray Whale Research in Mexico and Universidad Autonoma de Baja
California Sur;

While gray whales (Eschrichtius robustus) recovered from 19th Century whaling they now appear to be
under a renewed threat from environmental stress evidenced by high mortalities, poor condition and
declining reproduction. Beginning in winter 2018 researchers from the Gray Whale Research in
Mexico program (GWRM) documented an alarming increase in the percentage of "skinny" or
"emaciated" gray whales arriving at the winter aggregation and calving lagoons in Baja California Sur,
Mexico when they should be well nourished following a previous summer of feeding. Commensurate
with declining body condition, from 2019 to 2023 mortalities and stranding rates reached historical
highs in the wintering lagoons and throughout the species range prompting the U.S. National Oceanic
and Atmospheric Administration (NOAA) to declare an "Unusual Mortality Event" (UME) for gray
whales. NOAA estimates that the Eastern North Pacific (ENP) population declined from an estimated
average of 27,000 whales in 2015/2016 to an estimated 12,890 by 2024/2025, with range-wide
strandings and observations of malnourished whales continuing in recent years. Reproduction has also
declined with females producing the lowest number of calves recorded in the wintering lagoons since
records began in the 1970's. While few in numbers, however, a conundrum is that the reproducing
females observed in wintering areas are generally in good body condition as are their calves while
single whales without calves are exhibiting declines in body condition and elevated mortalities. While
gray whales evolved morphological and behavior specializations to feed on the benthic communities of
invertebrates found in the high latitude and Arctic oceans, they can also employ multiple feeding
modes (e.g., benthic sucking, skimming, and gulping) and utilize various prey when available in sub-
Arctic locations. It is postulated that these reproducing females can locate and utilize reliable sources
of prey species throughout their migratory range that allow them to survive the energetics of migration
and reproduction. If rapid climate change is limiting resource availability for gray whales in the Arctic,
the utilization of alternative prey in other locations may allow gray whales to persist as a species.



Presentation | Eastern and Western North Pacific Gray Whale
Population Overview

Western North Pacific gray whales: status and trends

Presenter: Alexander Burdin, Kamchatka Branch of Pacific Geographical Institute, Russian
Academy of Sciences

Western gray whales (Eschrichtius robustus) occupy three known summer feeding areas in the Russian
Far East, including the northeastern coast of Sakhalin Island and Olga Bay in Kamchatka. Long-term
research has provided valuable insights into their distribution, population dynamics, site fidelity, and
reproductive patterns while highlighting important knowledge gaps regarding population connectivity
and migration. Systematic monitoring in the Piltun feeding area of Sakhalin began in 1997 and
continues today. Research has documented an overall decline in whale abundance and a decrease in
female residency since 2004. These trends may be associated with multiple factors, including
disturbance from offshore oil and gas development, particularly seismic surveys, and potential changes
in prey availability. Despite these declines, Piltun remains a critical feeding and nursing area for
females and calves. Long-term photo-identification studies have revealed considerable variation in site
fidelity, with some individuals returning for 17-20 years. Genetic and parentage analyses have also
identified at least four generations of whales using the area, suggesting the existence of a core group
with strong site fidelity. Satellite telemetry has revealed unexpected connections between feeding and
breeding areas, with approximately 70% of tagged whales feeding off Sakhalin migrating to breeding
grounds off Mexico. However, important questions remain regarding population mixing in Kamchatka
and the possible existence of breeding grounds in Asian waters. Recent observations also indicate
contrasting trends in calf production between the eastern and western gray whale populations, with calf
numbers observed off Sakhalin increasing between 2019 and 2025, despite declines in the eastern
population. Research in Olga Bay has identified 275 individual gray whales, approximately half of
which have not been matched to the Sakhalin catalog. Their movements and the locations of their other
feeding areas remain largely unknown. Continued long-term monitoring, expanded photo-identification
efforts, and improved collaboration among researchers are essential to understanding population
connectivity, identifying important habitats, and assessing the factors influencing the distribution and
conservation of western gray whales.

*ChatGPT was used to create this summary using Dr. Burdin's presentation notes. Dr. Burdin reviewed
and approved this summary for use in the symposium proceedings.



Presentation | Eastern and Western North Pacific Gray Whale
Population Overview

Atlantic gray whales: then and now
Presenter: Randy Reeves, Marine Mammal Commission

Solid evidence (sub-fossil and fossil specimens, historical records) demonstrates that gray whales were
present in coastal waters of eastern North America and Iceland during the 1600s and probably until
well into the 1700s (Mead and Mitchell 1984; Lindquist 2000); in the North Sea, Irish Sea, and English
Channel until the mid-1100s to mid-1300s (van den Hurk et al. 2025). They were gone from the
Atlantic Ocean by 1800. Whaling almost certainly played a role in their extirpation, but a long-term
decline in genetic diversity may have been “precipitated by Holocene climate or other ecological
causes” (Alter et al. 2015).

An interesting case was made for gray whales being targeted in a winter whale fishery in Delaware Bay
during the early 17th century, and also for the “scrag whales” hunted in New England during the 18th
century having been gray whales (Mead and Mitchell 1984). Ethnobiological nomenclature was used to
establish that gray whales were hunted in medieval Iceland. The Old Norse terms sandceta (sand-eater)
and sandlegja (sand-lier) “clearly” referred to gray whales, given their “sediment-skimming and
bottom-feeding” behavior and “habit ... of resting quietly in shallows and on sandbars” (Lindquist
(2000).

Gray whales may have given birth and nursed their young in shallow bays and protected lagoons off
Georgia and northern Florida (Noakes et al. 2013; Garrison et al. 2019). Bones found in archeological
sites near Gibraltar were interpreted as “suggesting” that gray whales “entered the Mediterranean to
calve” — “at least up until the Late Roman period (sixth century AD)” (Rodrigues et al. 2018).

Several “extralimital” gray whales were observed in recent years in the Mediterranean Sea and off
southwestern Africa (Hoelzel et al. 2021). Also, in late December 2023 a single gray whale showed up
near Miami (St Lawrence 2024), and the same animal was seen a few months later off Nantucket,
apparently feeding (McCloud 2024).



Panel Discussion | Changing Ecology of Eastern North Pacific Gray
Whales and the Pacific Coast Feeding Group

Eastern North Pacific gray whale regional ecology

Panelists: KC Bierlich, Marine Mammal Institute, Oregon State University;

Lauren Wild, University of Alaska Southeast;

Andy Szabo, Alaska Whale Foundation;

Erin Foster, Fisheries and Oceans Canada;

John Calambokidis, Cascadia Research Collective;

Alisa Schulman-Janiger, American Cetacean Society — Los Angeles Chapter and the Natural History
Museum of Los Angeles County;

Steven Swartz, Gray Whale Research in Mexico and The Ocean Foundation;

Researchers working across the Eastern North Pacific gray whale range discussed regional patterns in
foraging ecology, movement, body condition, and habitat use, building on observations shared during
the virtual May 2026 Eastern North Pacific Gray Whale Ecology Meeting. Panelists shared observations
from Alaska, British Columbia, Washington, California, and the Baja California Peninsula, Mexico,
including increasing use of localized feeding opportunities, changes in migration behavior, and
variation in body condition among regions and individuals. Discussion focused on factors influencing
gray whale movement and use of feeding areas, including prey availability, foraging success, site
fidelity, and learned behavior. Panelists considered differences between whales that repeatedly return to
established feeding areas and those that appear to use alternative feeding locations, particularly during
periods of poor body condition and elevated mortality. The discussion highlighted the value of sharing
photo-identification data and integrating other observations across regions to track individual
movements and better understand how different foraging strategies and feeding opportunities
throughout the migratory range may contribute to gray whale health and resilience under changing
environmental conditions.

For additional background and observations from the May 2026 meeting, seee the Eastern North
Pacific Gray Whale Ecology Meeting Summary and Presentation Slides.



https://www.mmc.gov/wp-content/uploads/Gray-Whale-Ecology-Meeting-Summary.pdf
https://www.mmc.gov/wp-content/uploads/Gray-Whale-Ecology-Meeting-Presentations.pdf

Presentation | Changing Ecology of Eastern North Pacific Gray Whales
and the Pacific Coast Feeding Group

Connectivity, and lack of connectivity, of PCFG and other ENP gray whales
Presenter: Jonathan Scordino, Makah Fisheries Management, Makah Tribe

The Pacific Coast Feeding Group (PCFQG) is a feeding group of gray whales that does not make the
typical gray whale migration from wintering grounds in Mexico to the Bering, Beaufort, and Chukchi
seas for the feeding season. The International Whaling Commission (IWC) has defined the PCFG as
gray whales that are observed during more than one feeding season (June-November) in the range of
41-52° N (excluding Puget Sound). There are multiple lines of evidence from photo-identification
studies, genetic studies, and other studies that the PCFG has connectivity with the broader Eastern
North Pacific (ENP) gray whale population that influence their population dynamics. There are also
multiple lines of evidence that PCFG lack connectivity with other ENP gray whales and that the group
primarily exists through internal population production. Both the IWC and the US have found that there
is insufficient evidence to recognize the PCFG as a stock. In contrast, the Committee on the Status of
Endangered Wildlife in Canada (COSEWIC) has recommended that Canada recognize the PCFG as a
stock, although Canada has not yet officially recognized the PCFG as a stock under their Species At
Risk Act. Despite not recognizing the PCFG as a stock, both the US and the IWC treat the PCFG as a
management unit with careful reviews of human activities on the feeding group and control rules on
Makah whaling to ensure that the hunt does not cause unsustainable impacts on the group.



Presentation | Changing Ecology of Eastern North Pacific Gray Whales
and the Pacific Coast Feeding Group

Gray whale adaptation and resilience in a changing ocean with insights from the
Pacific Coast Feeding Group

Presenter: Leigh Torres, Marine Mammal Institute, Oregon State University

Behavioral plasticity is a critical response to climate change, and gray whales possess traits —
including cognitive capacity, advanced senses, and neophilia — effective for finding new prey
resources to promote fitness and survival. The Pacific Coast Feeding Group (PCFG) exemplifies such
adaptation through distinct foraging strategies targeting different prey and habitat than the Eastern
North Pacific (ENP) population foraging in the Arctic/Sub-Arctic. The PCFG also exhibits high site
fidelity, consistent maternal recruitment, distinct mitochondrial DNA, and divergent morphology
relative to the ENP.

Concerningly, PCFG whales are smaller and in poorer body condition than ENP whales, with declining
asymptotic lengths — particularly in females — since approximately 2000, which is correlated with
ocean conditions and indicates a plastic morphological response to environmental change. Bioenergetic
modeling links reduced body condition and length to lower predicted calving probability, and the
population has shown no growth in over 20 years, with an 18.8% decline since 2017. These trends
suggest the PCFG may be transitioning from an ecological opportunity into an ecological trap with
changing environmental conditions.

Despite these concerning trends and exposure to coastal threats, the PCFG lacks dedicated management
protection in US waters, as it is not recognized as a Demographically Independent Population (DIP). A
review of literature using NOAA's GAMMS and multiple lines-of-evidence frameworks found strong
evidence across six of eleven criteria for PCFG DIP delineation. We recommend that NMFS formally
assess the DIP status of the PCFG.

To compare PCFG and ENP health, we assessed body condition at three foraging sites: PCFG whales
in Oregon, migrating ENP whales off California, and whales feeding on herring spawn in Sitka Sound,
Alaska in April. ENP whales exhibited the greatest variation in body condition, PCFG whales
frequently fell below average, and Sitka whales had above average body condition. These results
illustrate how behavioral adaptation to feed on herring spawn in Sitka promotes individual fitness and
potentially population resilience, highlighting that atypical feeding areas may provide critical
alternative foraging opportunities as Arctic prey resources collapse.

Like the PCFG, novel foraging strategies may generate distinct population structure with unique

management needs, underscoring the urgency for monitoring and management that supports gray whale
persistence during this period of rapid environmental change.



Presentation | Ecosystem Changes Impacting Gray Whales

North Pacific marine ecosystems: Eastern North Pacific, California Current, and
Gulf of Alaska seasonal patterns and marine heat events

Presenter: Nate Mantua, NOAA Fisheries, Southwest Fisheries Science Center

Scientists identified the Pacific Decadal Oscillation (PDO) and North Pacific Gyre Oscillation (NPGO)
as the leading patterns of 20th century North Pacific SST and sea surface height variations. While
separating natural variations from global trends worked well in the 20th century, accelerated 21st-
century warming has caused regional temperatures to diverge from PDO and NPGO indices. Since
2013, the Northeast Pacific has also experienced frequent marine heatwaves—periods exceeding five
days with SSTs above the 90th percentile—impacting marine life and fisheries. Furthermore, North
Pacific warming accelerated markedly after 2013 compared to other ocean basins. A pan-basin
warming pattern (PBP) emerged as the dominant SST variation pattern around 2014, with its explained
variance rising from 21% to 51% by 2023, increasingly overshadowing a still robust PDO.

Overland and Ballinger (2025) hypothesized a teleconnection between North Pacific SSTs and Bering
Sea sea ice mediated by the Aleutian Low. Record-low sea ice in 2017-2019 coincided with a warm
PDO phase and strong southerly winds transporting warm air into the Pacific Arctic. Conversely, 2020—
2024 brought a cool-phase PDO, westerly winds across the Aleutians, and more normal Bering Sea sea
ice conditions. Assuming persistence in the cool-phase PDO pattern, Overland and Ballinger (2025)
projected a low chance of the Bering Sea returning to extreme low sea ice conditions in the near future.

El Nifio and the Southern Oscillation also strongly influences the North Pacific, Bering, and Chukchi
Seas. Equatorial Pacific surface and subsurface warmth is currently near record levels. NOAA’s
September 8 briefing highlights a strong event developing, with a >90% chance of remaining very
strong through winter. The National Multimodel Ensemble forecasts for winter 2027 (from August)
project near-normal SSTs in the Bering and Chukchi Seas along with warm anomalies along the Pacific
coast of North America. While teleconnections between El Nifio and the North Pacific favor trends
toward the warm phase PDO pattern, the current warmth of the mid-latitude North Pacific may be great
enough to sustain the persistence of the cool phase PDO into 2027.



Presentation | Ecosystem Changes Impacting Gray Whales

Pacific Arctic ecosystems: North Bering and Chukchi sea ice loss and ecosystem
transformation

Presenter: Kate Stafford, Marine Mammal Institute, Oregon State University

Sue Moore, University of Washington;
Seth Danielson, University of Alaska Fairbanks;

The Pacific Arctic, including the northern Bering and Chukchi Seas, is undergoing rapid physical and
ecological transformation driven by accelerating sea ice loss, ocean warming, and increased northward
transport through Bering Strait. This shallow, highly productive shelf ecosystem has historically been
characterized by strong seasonal cycles of sea ice, ocean circulation, and biological production. Recent
observations reveal a marked departure from historical conditions, with September sea ice extent
declining by approximately 50% since the 1980s and unprecedented winter ice retreat occurring during
the extreme warm period of 2017 to 2019. Concurrent with declining ice cover, northward inflow
through Bering Strait has increased by roughly 50% since 2001, delivering greater quantities of heat,
freshwater and nutrients into the Arctic. Sustained increases in water-column heat content, and sea
surface and bottom water temperature anomalies illustrate the rapid warming of the region. These
physical changes are altering fundamental ecosystem processes and are contributing to a shift in
ecosystem structure and function. Despite these on-going changes, defining features of the region are
expected to persist, including its extreme seasonality, high nutrient flux through the Chirikov Basin and
Bering Strait, recurring spring bloom dynamics, and strong coupling between pelagic production and
benthic ecosystems. Together, these observations indicate that the Pacific Arctic is transitioning toward
a new environmental state while retaining key characteristics that continue to influence ecosystem
productivity and resilience.



Presentation | Ecosystem Changes Impacting Gray Whales

Time series trends in benthic prey populations in the northern Bering and Chukchi
Seas

Presenter: Jackie Grebmeier, Chesapeake Biological Laboratory, University of Maryland Center for
Environmental Science

Lee W. Cooper, University of Maryland Center for Environmental Science;
Brian P. Marx, University of Maryland Center for Environmental Science;
Sue E. Moore, University of Washington;

Macrofaunal benthic biomass has changed both south and north of Bering Strait since the mid- 2000s.
Specifically, significant declines in benthic amphipod biomass have occurred in the northern Bering
Sea while an increasing biomass of amphipods and other taxa has been observed in the Chukchi Sea.
Evaluation of crustacean macrobenthic data, from both process and time series collections, is being
undertaken as part of the Distributed Biological Observatory to investigate the population dynamics
and environmental drivers of change in these benthic populations. Amphipods have historically been
considered a dominant prey for northeastern Pacific gray whales. Within the Chirikov Basin, north of
St. Lawrence Island in the northern Bering Sea, ampeliscid amphipod biomass (B) has declined from
60 to ~20 gC per m2 starting in 2006, coinciding with trends of warming seawater and earlier sea ice
retreat. Using caloric units, available energy from ampeliscid amphipods in the Chirikov Basin has also
declined dramatically. Amphipod abundance (A) (individuals per m2) has not significantly declined at
some long-term stations, meaning that the B/A ratio indicates that there is a strong trend towards
smaller amphipod size classes and lower biomass overall. In addition, four decades of sampling in the
Chirikov Basin indicate a spatial contraction of the available amphipod prey where they are the
dominant macrofauna, and in some locations, amphipods are no longer a significant taxon. Benthic
biomass north of Bering Strait, regardless of taxon, has increased despite region-wide sea ice decline
and increasing primary production in the Chukchi Sea, based upon satellite observations. However, in
these waters immediately north of Bering Strait, bivalves are the dominant benthic macrofauna, which
are not prey for gray whales, and amphipod biomass is low. Notably, recent studies indicate an increase
in pelagic euphausiid plankton in the Chukchi Sea, which is likely an alternate prey source for gray
whales; these plankton originate to the south and are advected north of Bering Strait. We present here
the latest benthic population structure and environmental driver data that influence food sources for
migrating gray whales near the northern limits of their distribution.



Presentation | Ecosystem Changes Impacting Gray Whales

Exposure risks and impacts of harmful algal bloom (HAB) toxins in marine
mammals

Presenter: Kathi Lefebvre, NOAA Fisheries, Northwest Fisheries Science Center, Wildlife Algal-
toxins Research and Response Network (WARRN-West)

Over the last two decades, ocean warming and rapid loss of sea ice have dramatically changed the
Pacific Arctic marine environment. These changes are predicted to increase harmful algal bloom
prevalence and toxicity, as rising temperatures and larger open water areas are more favorable for
growth of some toxic algal species. It is well known that algal toxins are transferred through food webs
during blooms and can have negative impacts on wildlife and human health. Yet, there are no long-
term quantitative reports on algal toxin presence in Arctic food webs to evaluate increasing exposure
risks. In the present study, algal toxins were quantified in bowel samples collected from 205 bowhead
whales harvested for subsistence purposes over 19 years. These filter-feeding whales served as
integrated food web samplers for algal toxin presence in the Beaufort Sea as it relates to changing
environmental conditions over two decades. Algal toxin prevalences and concentrations were
significantly correlated with ocean heat flux, open water area, wind velocity, and atmospheric pressure.
These results provide confirmative oceanic, atmospheric, and biological evidence for increasing algal
toxin concentrations in Arctic food webs due to warming ocean conditions. This finding provides
valuable information for assessing health risks to marine mammals from HAB toxins. Recent algal
toxin-related mortality events involving other important marine mammal species utilized for
subsistence purposes will also be discussed.
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The Unusual Mortality Event (UME) program, established under the 1992 amendments to the Marine
Mammal Protection Act, provides a framework for addressing significant die-offs or unusual morbidity
and mortality patterns within marine mammal populations within the U.S. This presentation provides
an update on Eastern North Pacific (ENP) gray whale strandings, synthesizing data from historical
UME:s to current 2026 post-UME monitoring efforts.

The 1999-2000 UME, which extended geographically from Mexico to Alaska, involved 651 recorded
whale strandings. The investigation concluded that oceanographic factors limiting food availability
were the primary drivers, leading to widespread emaciation and a marked decline in survival rates and
calf production during that period.

The 2019-2023 UME represented a more recent event, documenting 690 whale strandings across the
same transboundary range. Research identified that ecosystem changes in sub-Arctic and Arctic
feeding areas created poor nutritional conditions, leading to malnutrition which was identified as a
primary cause of death. The investigation did not identify underlying viral infections or biotoxicosis as
significant contributors to mortality. Detailed post-mortem examinations revealed that vessel strikes
and killer whale predation were additional factors in mortality for several individuals.

As of September 2026, the Transboundary Post-UME Team continues to monitor gray whale
populations through collaborative efforts across the three countries. Following baseline stranding levels
in 2024, data from 2025 and 2026 show elevated stranding numbers with the same cause of death
findings as during the UME, indicating that strandings are most likely still related to the persistent
ecosystem drivers within sub-arctic and arctic feeding grounds that were documented during the UME.
The ongoing impact of these environmental changes continues to affect the gray whale population,
characterized by reduced abundance and decreased calf production. This presentation highlights the
critical importance of sustained transboundary monitoring and scientific collaboration to better
understand the long-term health of the ENP gray whales in an increasingly dynamic and changing
marine environment.
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Gray whales have one of the longest migrations of any mammal. As such, large scale
collaboration is necessary to monitor the population effectively. The use of drones to
monitor the health of baleen whales is increasingly becoming prevalent, particularly for
obtaining estimates of body condition to infer nutritional state via photogrammetry. The

goal of this talk is to inspire range-wide collaboration for monitoring gray whale body
condition using drones. We introduce a photogrammetry workflow for obtaining accurate
measurements of body condition with incorporated uncertainty associated with different
drones. We then compile datasets collected throughout the west and northwest coast of
North America and provide a case study comparing body condition trends across these
different sites (n = 2,211): San Ignacio Lagoons in Baja California, Mexico (n = 111); San
Francisco Bay (n = 12); central Oregon Coast (n = 549); West Vancouver Island, Canada (n =
70); Sitka Sound, Alaska (n = 57); Kodiak Island, Alaska (n = 40); and Northeastern Chukchi
Sea, Alaska (n = 18). Specifically, we explore what “normal” or typical body condition is
post-winter fasting and as whales migrate north and arrive to different foraging sites. We
also compare how body condition increases across the foraging season and throughout the
year across these different sites.
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Sightings and strandings of gray whales in Washington offer insight into the nature, timing, and
potential cause of the crisis gray whales are facing, as well as how they are attempting to adapt. Almost
50 years of gray whale stranding records in Washington provides one of best long-term indicators of
increased mortality, with elevated number of deaths recorded in 1990-1991, 1999-2000, and 2019-
2026. One long-studied subgroup, the “Sounders”, have returned annually to northern Puget Sound
since 1990, typically staying for 2-3 months each spring. Their numbers increased from an initial 6
individuals to 12 individuals during the 1999-2000 unusual mortality event (UME), and to 18 in recent
years in the most recent event. These identified whales that return annually show rapidly improving
body condition and showed very little mortality over the first 30 years of monitoring, including through
the 1999-2000 UME. In each of the last 5 years, 3-5 whales (8 individuals) have arrived earlier than
normal (December/January) and stayed through late spring, foregoing the migration to winter breeding
grounds in Mexico. Another subgroup, the Pacific Coast Feeding Group (PCFQG), feeds through the
summer/fall in the Pacific Northwest (foregoing migrating to the Arctic), and similar to the Sounders,
has not shown comparable declines. The primary or supplemental feeding in the Pacific Northwest
further supports findings that the declines are related to changes in their Arctic feeding grounds. Gray
whale sightings in Washington in 2025/2026 have also been unusual; with several concentrations
observed in areas they are not typically seen. In one area off Grays Harbor over 100 different whales
were identified with only a very low proportion of these having been identified previously. Our
observations indicate gray whales are seeking alternate feeding areas to supplement prey loss in the
Arctic, sometimes successfully and other times not.
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metabolic state via hormones and novel biomarkers
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Physiological biomarkers reflect aspects of individual physiology that can reveal timing, causes and
correlates of physiological change in individual whales, which can in turn help forecast potential
population trends. Hormones in particular can provide a unique window into the physiological
communication system within the body. In gray whales, however, as in many baleen whales, biomarker
research has had to adapt to the limited sample types available from living gray whales and from
necropsy specimens. Blood plasma is rarely available, and hence research has instead focused on
development of biomarker assays that can be deployed on feces, respiratory vapor, and biopsy samples
from free-swimming gray whales, and on baleen and blubber from necropsy specimens. In such sample
types, the biomarkers most likely to be detectable and informative tend to be lipophilic with small
molecular structure, most famously the steroid hormones and thyroid hormones. We present a brief
survey of fecal hormone and baleen hormone data from the Pacific Coast Feeding Group (PCFG) gray
whales as examples of the utility of such research, and discuss recent developments for blubber
hormones and respiratory vapor hormones. Looking forward, the field is poised to take advantage of
additional biomarkers (e.g., DHEA, prostaglandins, DNA damage) and additional sample types (e.g.
vitreous humor) to help better understand how individual gray whales react and adapt to a variety of
anthropogenic and ecological factors, and how such responses scale to the population level.
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The eastern North Pacific gray whale (Eschrichtius robustus) population has experienced elevated
mortality, poor body condition, and reduced calf production since 2019. Although the officially
designated Unusual Mortality Event (UME) concluded in 2023, mortality remained elevated through
2026 and the population has shown limited recovery, suggesting that environmentally driven reductions
in prey availability may continue to affect gray whale health and recovery. Understanding changes in
foraging ecology during this period is critical for identifying mechanisms underlying population
decline. Stable isotope analysis of gray whale baleen provides a unique opportunity to reconstruct
multi-year records (~1-2 years prior to death) of resource use and physiological variability at the
individual level prior to death. To investigate ecological variation associated with this mortality period,
we measured bulk tissue carbon (813C) and nitrogen (3615N) isotope values along baleen plates
collected from stranded individuals spanning baseline (1980-1989; 1992—1998; non-UME) and
mortality-associated (1990-1991; 1999-2000; 2019-2026; UME) periods. We assembled one of the
largest gray whale baleen archives to date (n = 51 plates), of which 27 have been processed. The plates
were collected in breeding areas (n = 16) and along the US West Coast in different months (n = 35).
High inter-individual variability in 6*C and 6'°N along baleen plates was observed in whales stranded
during both UME and non-UME periods, suggesting substantial plasticity in foraging strategies and
responses to environmental conditions. At the group level, adults and juveniles showed substantial
isotopic niche overlap between UME and non-UME periods, but both age classes exhibited niche
contraction during UME, indicating reduced overall variability in resource use, foraging habitat, and/or
physiological condition. The similar contraction across age classes suggests that this pattern was not
age-specific and may reflect broader changes in prey availability or foraging opportunities during the
UME. Collectively, these findings suggest that recent mortality events were associated with altered
ecological strategies and reduced trophic flexibility, patterns consistent with prey limitation and
nutritional stress. We are currently analyzing amino acid stable isotope values to further assess
physiological responses to nutritional stress and environmental variability.
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The panel discussion on gray whale population dynamics highlighted the importance of individual
variation in migration and foraging strategies. Gray whales may use alternative coastal feeding areas,
feed opportunistically along the migration route, or shorten or forego portions of the annual migration.
Panelists discussed how common these strategies are, whether they are becoming more prevalent or are
instead being detected more often, and whether different strategies have different consequences for body
condition, survival and reproduction. Changes in migration behavior could also affect abundance
estimates if the proportion of whales passing established survey locations varies among years.

Improving range-wide abundance and demographic information was identified as an important priority.
Panelists discussed expanding photo-identification and mark-recapture efforts across the North Pacific
to better connect individual whales intra-regionally and provide abundance estimates complementary to
existing survey-based estimates. Other priorities included improving information on age-specific
survival and reproduction, estimating the proportion of whales using different migration and feeding
strategies, and integrating body condition, energetics, diet, and movement data. Expanded observations
in areas that are difficult to survey, including information from local communities and others who
spend time on the water, could also help fill important geographic and seasonal gaps.

These discussions also raised questions about how population models can better account for changing
environmental conditions and variation among individuals. Recent changes in prey availability and
habitat conditions suggest that carrying capacity may be changing over time. Panelists discussed
whether a long-term average carrying capacity remains an appropriate reference point and the potential
to treat carrying capacity as a dynamic variable linked to environmental conditions. Future modeling
efforts could incorporate additional information on prey availability, age structure, bioenergetics, and
alternative foraging strategies to better understand gray whale population dynamics under changing
environmental conditions.
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The panel discussion on ecosystem change and gray whale foraging ecology highlighted important gaps
in understanding the availability and nutritional quality of gray whale prey. Although gray whales
consume a wide variety of prey, less is known about the distribution, abundance, and energetic value of
many of these resources across their range. Panelists discussed expanding prey sampling to better
characterize the "preyscape," including measurements of stable isotopes, lipid and protein content, and
caloric value. Both prey quantity and quality were considered important to understanding habitat
quality, foraging success, and the number of whales that different feeding areas may be able to support.

Connecting prey information with whale movement, behavior, and health was another major theme.
Satellite tagging could help determine how whales move among feeding areas and how their
movements relate to local prey and environmental conditions. Combining tagging with prey sampling,
stable isotopes, and repeated body-condition measurements could provide a more complete picture of
where individual whales are feeding, what resources they encounter, and whether those resources are
sufficient to meet their energetic needs.

Panelists emphasized the importance of regional context and integrating information across disciplines
and spatial scales. Ecosystem conditions and gray whale responses are not uniform across the range,
making continued regional monitoring particularly important in northern feeding areas experiencing
changes in sea ice, prey resources, and habitat conditions. Comparisons across regions, populations,
and time periods could help distinguish long-term variability from more recent ecosystem change. No
single method or dataset can fully describe these relationships, and panelists discussed combining
approaches. Continued interdisciplinary and regional collaborations could help connect observations of
individual whales and feeding areas with ecosystem processes occurring across the gray whale range.
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The panel on gray whale health focused on how health investigations improve understanding of factors
that contribute to mortality. Potential factors include nutritional stress, disease, biotoxins,
contaminants, microplastics, vessel strikes, killer whale predation, and changing Arctic environmental
conditions.

Panelists emphasized the need for an integrated, long-term health monitoring program to track
individual whales and link body condition, reproductive status, disease, biotoxin exposure, and
nutritional indicators over time. Such a program would require range-wide collaboration to establish
spatial and seasonal health changes and better define healthy versus compromised individuals.
Potential approaches included standardized photogrammetry to assess nutritional status, tracking skin
condition through photo-identification, and using genetic sampling to assess age and health
conditions, and to link health information between live and stranded whales.

Improving assessments of nutritional condition was also identified as a priority. Limited information
on normal seasonal variation in body condition makes it difficult to distinguish seasonal fasting from
starvation. Blow sampling and the development of metabolic markers, such as those associated with
ketosis, could help differentiate between the two. Serial sampling of known individuals, drone-based
photogrammetry, and artificial intelligence tools for extracting body measurements were discussed as
approaches to standardize body condition assessments and facilitate comparisons across regions and
over time.

Panelists also highlighted the need for improved information on reproductive health, including
pregnancy, fetal loss, and calf loss. Baleen hormone and stable isotope analyses were identified as
potential tools for assessing reproductive history and pregnancy loss, as well as to provide insights
into foraging ecology. A key challenge will be linking individual health indicators to population-level
outcomes, particularly reproduction and survival.



Panel Discussion | Gray Whale Health continued

Expanded surveillance of disease and biotoxins were also identified as priorities. However, sample
collection and diagnostic assessments are often limited by the advanced decomposition of stranded
animals, which can hinder determinations of cause of death. Improved disease surveillance could help
clarify relationships between disease and poor body condition, including whether disease contributes
to starvation or whether nutritional stress increases susceptibility to infection. Panelists recommended
developing a prioritized and feasible list of research questions and sample collection protocols to guide
health investigations and help stranding responders determine when resource-intensive necropsies
would be most valuable. Other possible stressors were discussed, including microplastics,
contaminants, agricultural runoff, pathogens such as Toxoplasma gondii, and the potential for
changing Arctic conditions to alter species interactions and disease exposure. Panelists also noted that
increasing anthropogenic impacts, such as vessel strikes, could interact with existing environmental
stressors and further compromise gray whale health.

Finally, panelists emphasized the value of expanding the use of non-invasive and emerging
technologies, including drones, environmental DNA, and machine-learning approaches. Other
potential tools included blow sampling and non-invasive hormone analyses. Integrating these
approaches into digitized, individual health profiles and using longitudinal data to establish baseline
health patterns were identified as important steps toward improving understanding of gray whale
health and population trends.
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The panel on cross-cutting themes and emerging priorities brought together key discussions from
throughout the symposium to identify major data gaps, emerging research priorities, and potential next
steps.

Panelists emphasized the need to establish a range-wide photo-identification catalog and mark-
recapture program integrating lateral and aerial imagery. Existing resources, including Flukebook and
Happywhale, could help facilitate this effort. A successful range-wide collaboration would require
participation from research teams with smaller datasets, and could benefit from contributions by
citizen scientists and whale-watching companies. Panelists also highlighted the importance of
establishing clear data-sharing agreements that encourage sustained institutional participation while
protecting data ownership and ensuring appropriate attribution.

Improving research and monitoring in the Arctic was identified as another major priority. Although the
Arctic is the primary feeding area for much of the Eastern North Pacific population, substantial gaps
remain in information on whale abundance, distribution, health, and movements, and prey availability
and quality. Many long-term science programs suitable for collecting ancillary data on gray whales in
the region have lost funding or been discontinued. To address these gaps, the panel emphasized the
need for: vessel surveys, tagging, passive acoustic monitoring, long-range drones, flights of
opportunity (e.g., with the U.S. Coast Guard), and community-based science. Panelists stressed that
community-based research should provide meaningful benefits to participating communities.

The discussion also explored potential ecological and behavioral drivers of gray whale migration to
Mexico. Hypotheses included reduced killer whale predation risk in shallow lagoons, favorable
conditions for calf growth, opportunities for social bonding and cultural learning, and warmer waters
that may facilitate thermoregulation and skin maintenance. Observations of skin conditions in non-
migrating Pacific Coast Feeding Group whales, fish following and potentially cleaning whales in
lagoons, and the migration of some animals in poor body condition raised additional questions about
the association between skin sloughing/regeneration and migration. Panelists also discussed the
potential population-level consequences of killer whale predation on gray whale calves and how future
studies might be able to better address such.



Panel Discussion | Cross-cutting Themes and Emerging Priorities
continued

The need to preserve long-term datasets and integrate historical and contemporary information across
regions and time was a recurring theme. Longitudinal tracking of individual whales could help link
movements, feeding strategies, body condition, health, and reproductive outcomes, providing insight
into population-level variability and potential cause-and-effect relationships. Priorities included
automating photo-identification matching and body condition assessments, establishing standardized
body condition indices, and improving the integration of disparate datasets. Participants expressed
support for establishing a gray whale consortium to facilitate range-wide data sharing and coordinated
research.

Finally, some participants highlighted the importance of improving science communication and
strengthening engagement with the media, local communities, and tourists through approaches such as
podcasts and other outreach activities. Collaboration with social scientists was identified as an
important opportunity to improve these efforts. Participants emphasized that successful data sharing
and community partnerships depend on trust, clear attribution, and established collaboration standards,
as well as ensuring that community participants receive appropriate recognition and meaningful
benefits.
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Gray whales (GW) have experienced a series of major mortality events (and subsequent recoveries)
over the last 50 years, and studies from the past 20 years have associated these significant population
fluctuations with foraging conditions in the Arctic. And while they have evolved to target benthic prey,
there are numerous examples of GW (Eastern North Pacific (ENP) and Pacific Coast Feeding Group)
targeting epibenthic and pelagic prey. Pelagic feeding and feeding outside of the traditional Arctic
foraging hotspots are observed more frequently during periods of high mortality, suggesting that
benthic prey shortages lead to foraging plasticity. Predicting how GW may respond to rapid
environmental change requires a better understanding of the prevalence and fitness benefits of foraging
plasticity. To estimate the proportion of the ENP population engaging in pelagic feeding during acute
benthic prey shortages, we are using stable isotope analysis (SIA) of skin tissue from GW collected in
the Arctic and during the southbound migration. Carbon (8'3C) can be used to distinguish benthic
versus pelagic prey sources, and nitrogen (8!°N) provides information on trophic position. We will
present preliminary results on the prevalence of pelagic feeding signatures during years of high and low
Arctic benthic biomass based on samples collected in November — February 1997 — 2026 from live and
stranded GW off the coasts of Washington, Oregon, and California. Additionally, we will present
results of samples collected from ten individuals with paired photogrammetry data collected during a
pilot study in 2026, with the goal of relating pelagic diet contributions to individual fitness. We will
analyze an additional 250+ samples this year, and welcome supplementary collaborative sample
contributions to the initiative. This work will provide a better understanding of how GW may buffer in
changing Arctic conditions, and how much resilience the population may have to continued benthic
prey declines.
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In the shallow seas of the Pacific Arctic Region (PAR), contractions of the spatial extent and biomass
of tube-building benthic amphipods since the 1980s, particularly in the Chirikov Basin in the northern
Bering Sea, have significant implications for the marine food web. The Eastern North Pacific (ENP)
population of gray whales (Eschrichtius robustus) are top predators that historically relied on dense
aggregations of benthic amphipods in the PAR as a preferred prey source. Two Unusual Mortality
Events (1999-2000; 2019-2023) declared by the US National Oceanic and Atmospheric Administration
for the ENP population, as well as elevated mortalities that are recurring in 2026, have focused
concerns on prey availability for these benthivores in their Arctic foraging grounds. To assess trends in
amphipod prey availability, amphipods were collected in 2023 to determine energy contents (kJ g'!) of
the dominant taxa. These values were then used to develop a conversion factor between formalin-
preserved and frozen samples to look at multidecadal values of amphipod prey. The goal was to
produce a standardized time series of amphipod energy density (ED, kJ m2) in the PAR using 51 years
of formalin-preserved amphipod wet weight biomass. The Chirikov Basin exhibited a large decline in
the mean energy density of the dominant ampeliscids (Family Ampeliscidae), from a maximum of
347.08+156.38 kJ m2 in 1984 to a minimum of 31.07+17.49 kJ m2 in 2010, a 91% reduction. By
comparison, the SE Chukchi Sea, a current region of high gray whale feeding, exhibited a range of
167.67+£13.73 (2005) to 1.55+1.48 (2009) in the mean energy density of the dominant pontoporeiid
amphipods (Family Pontoporeiidae), with higher densities in the early 2000s declining sharply by
2021. In addition, evaluation of the overall station biomass in the Chirikov Basin indicates a dramatic
decline in the amphipod spatial bed size over the last 4 decades, further suggesting a reduced prey field
energy source for benthic feeding gray whales. These findings indicate that the previously extensive
and dense sources of energy of benthic amphipods (both caloric and overall biomass) to the ENP
population are greatly diminished. This represents a significant shift of ecosystem structure that has
implications of food limitations for ENP gray whales that migrate to the PAR annually to forage and
replenish energy reserves.
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Big appetites fuel epic journeys: Nutrient-rich Arctic prey powers gray whale
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Eastern North Pacific gray whales (Eschrichtius robustus) undertake one of the longest annual
migrations of any mammal, travelling 15,000-20,000 km between Arctic feeding grounds and breeding
lagoons in Mexico. Their ability to complete this migration, reproduce successfully, and survive
periods of fasting depends on energy acquired during a relatively short Arctic feeding season. This
poster synthesizes findings from the recent study by Agbayani, Rosen and Trites (2026), which used an
age-structured bioenergetics model to quantify energy requirements across gray whale life-history
stages. The model integrated body growth, reproductive status, migration timing, and lactation to
estimate daily prey requirements and energetic demands. Results indicate that nursing females produce
approximately 24-35 L of milk per day for 9-10 months. Following weaning, juveniles require roughly
400 kg of Arctic amphipods daily, equivalent to about 5.6% of body mass. Large non-lactating adults
require a minimum of approximately 1,000 kg of prey per day (about 5.4% of body mass) during the
154-day Arctic feeding period. Energetic demands are greatest for reproductive females. Pregnant
whales require an estimated 1,600-1,900 kg of prey per day (9-10% of body mass) to support fetal
development while storing sufficient energy reserves to sustain migration, parturition, and the initial
months of lactation. After returning to Arctic feeding grounds with calves, lactating females require
approximately 1,300-1,600 kg of prey per day (7.9-8.6% of body mass) for an additional 3.6 months to
meet the high energetic costs of milk production. These published findings demonstrate the critical
importance of abundant, energy-rich Arctic prey to gray whale health, reproduction, and population
viability. The bioenergetic framework developed by Agbayani et al. (2026) provides a valuable tool for
assessing how changes in Arctic ecosystem productivity and prey availability may influence body
condition, reproductive success, survival, and long-term population trends in gray whales.
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Beginning in late March, Sitka Sound, Alaska is home to a spawning aggregation of Pacific herring
(Clupea pallasii). This herring population has been of cultural importance to Lingit people

in Sheet’ka Aani (Sitka) for over 10,000 years. It is also subject to a lucrative commercial sac roe
fishery. Since the 1950s, Sitka residents have reported small numbers (<20) of gray whales
(Eschrichtius robustus) feeding on herring eggs post-spawn. University of Alaska Southeast researchers
have cataloged individuals opportunistically since the late 1980s. In 2019, the numbers of gray whales
increased suddenly and dramatically to over 150 individuals, coinciding with an Unusual Mortality
Event (2019-2023) and overall decline of the Eastern North Pacific population (>50% from 2016-
2025). Spring whale numbers remained high and in 2023 we began a dedicated study to understand
why there is a local increase in gray whales in Sitka Sound concurrent with a population decline, and
what the implications are of this influx on the herring resource and users of herring/herring eggs. We
have built a Sitka Sound gray whale photo-identification catalog with sightings from the 1980s through
2025, uploaded the catalog to Happywhale, and are comparing with other catalogs along their range.
We have a minimum of 23 individuals in the catalog prior to 2019, and a minimum of 222 individuals
in the current 2025 catalog. The longest within-season re-sight is 47 days; the longest re-sight of an
individual across seasons is 17 years (2007-2023). Genetic data has revealed a skewed sex ratio,

with nearly 2:1 males-to-females; additional samples from 2026 field season will be incorporated.
Overall, this study confirms that gray whale numbers in Sitka Sound have drastically increased in the
springtime, and that whales are targeting ecologically and culturally important herring eggs. These
results will be vital for ecosystem-based management in Sitka Sound.
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Eastern North Pacific (ENP) gray whales have experienced elevated mortality, declining abundance,
and low calf production since 2019. We present some of the ways sightings and strandings in
Washington can offer insight into the nature, timing, and potential cause of this crisis, as well as how
gray whales are attempting to adapt. Almost 50 years of gray whale

stranding records in Washington provides one of best long-term indicators of increased

mortality, with elevated number of deaths recorded in 1990-1991, 1999-2000, and 2019-2026.

The recent decline has been the most protracted and has involved the largest number of whales, with no
sign of recovery. One long-studied subgroup, the “Sounders”, have returned annually to northern Puget
Sound since 1990, typically staying for 2-3 months each spring. Their numbers increased from an
initial 6 individuals to 12 individuals during the 1999-2000 unusual mortality event (UME), and to 18
in recent years. Sounders showed very little mortality over the first 30 years of monitoring, including
through the 1999-2000 UME. In each of the last 5 years, 3-5 whales (8 individuals) have arrived in late
December/early January and stayed through late spring, foregoing the migration to winter breeding
grounds in Mexico. Another subgroup, the Pacific Coast Feeding Group (PCFQG), feeds through the
summer/fall in the Pacific Northwest (foregoing migrating to the Arctic), and similar to the Sounders,
has not shown comparable declines. The primary or supplemental feeding in the Pacific Northwest
further supports findings that the declines are related to changes in their Arctic feeding grounds. Gray
whale sightings in Washington in 2025/2026 have also been unusual; with several

concentrations observed in areas they are not typically seen. Our observations indicate gray whales are
seeking alternate feeding areas to supplement prey loss in the Arctic, sometimes successfully and other
times not.
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Climate-linked changes in prey resources are causing severe declines in Eastern North Pacific gray
whales, whose energetic ecology remains relatively unknown. A small group (~24 individuals) of ENP
gray whales seem to be faring better than the broader population by making detours into the northern
Puget Sound, Washington (“NPS”), each year to feed on ghost shrimp in the shallow (mean depth
2.5m) intertidal. We performed a multi-year study integrating biologging data, intertidal prey sampling
efforts, and drone photogrammetry to estimate the foraging efficiency of gray whales on a stopover
foraging ground in the NPS, producing some of the highest resolution estimates of energy consumption
and field metabolic rates in a baleen whale system to date. We further modeled the energetic outcomes
of foraging in the NPS compared to foraging on traditional foraging grounds (TFGs) in the Arctic,
finding that the net energetic benefit of stopover foraging in this region outweighs, on average, the
benefits of feeding exclusively on TFGs even in the most ideal ecological and foraging contexts. Our
results highlight the urgent need to identify, and conserve, key foraging habitats along the Pacific coast
that may enable gray whale resilience in the face of changing climates.
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An elevated number of Eastern North Pacific gray whales (Eschrichtius robustus) have stranded along
the west coast of North America since 2019, leading to the declaration of an Unusual Mortality Event
(UME) that lasted between 2019-2023. Although the UME was declared over in 2023, the number of
dead stranded whales has continued to be high, with more than 100 total strandings in the US and
Mexico already in 2026. Estimates of gray whale abundance have declined by more than 50%

since 2016 and many of the stranded whales have been found to be in emaciated body condition. Our
drone-based research has shown that: 1) aerial photogrammetry can be used to detect changes in
individual body condition over time and 2) whale blow exhalate can be used to assess respiratory
health, highlighting the utility of this non-invasive research to give free-ranging whales a “health
check.” Here, we present results from a pilot study in April and May, 2026 that involved the collection
of a unique suite of health metrics to assess the health of a small aggregation of gray whales, known as
the “Sounders”, that have an annual feeding stopover in Puget Sound, WA on their way to their Arctic
feeding grounds. We were able to collect 51 blow samples from 11 individuals to explore metabolite
composition, 17 blow samples from nine of these individuals to describe respiratory microbiomes, and
aerial photogrammetry images of eight of these individuals to explore the relationship between
physiological health and body condition. Repeat blow samples and photogrammetry images were
collected both within and between efforts, allowing for an evaluation of short-term physiological
changes; body condition will also be interpreted in the context of our longer time-series (2020-2026).
This timely study provides an important evaluation of gray whale health during this period of extreme
population decline.
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Longitudinal assessments of epidermal health in gray whales provide a unique and valuable opportunity to
evaluate how visible skin condition expression changes through time and relates to broader indicators of
physiological stress. Recent observations within the Pacific Coast Feeding Group (PCFG) of gray

whales indicate an increasing number of individuals exhibiting a skin condition of unknown origin
characterized by irregular white, raised, and variably distributed lesions. Evaluation of repeated
observations of the same individuals can reveal progression, remission, persistence, and potential drivers of
disease expression, and be compared to other health metrics. This study focuses on eight PCFG gray whales
with extensive photographic histories spanning multiple years (2016-2025). Using longitudinal lateral
imagery, epidermal condition was scored through a qualitative framework that characterizes lesion pattern,
activity state (active, latent, or inactive), lesion coverage, border definition, and directional

change relative to prior sightings (increasing or decreasing severity). Images were categorized by body
region and photo quality to ensure scoring consistency. This high-resolution time series reconstructs
individual trajectories of epidermal condition. To better understand the mechanistic drivers or impacts of
this skin condition, epidermal assessments will be assessed relative to multiple non-invasive biomarkers of
whale health, including body condition, growth metrics, hormone profiles, scarring history, and fine-scale
behavioral and environmental data. Histological analyses of the skin, performed on two

whales, was conducted in collaboration with veterinary anatomic pathologists from The Marine Mammal
Center and Cornell University College of Veterinary Medicine. Histopathology showed evidence of
neutrophilic leukocytoclastic vasculitis characterized by karyorrhectic debris and erythrocytes within
capillary walls, variable degrees of intracellular edema in epidermal keratinocytes, and smudging of
superficial dermal collagen. By combining longitudinal photographic analysis with complementary health
metrics, this study aims to evaluate epidermal disease as a visible indicator of cumulative stress and overall
whale health in a changing

coastal ecosystem.
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Understanding individual migratory behavior is critical for interpreting population dynamics and
managing wide-ranging marine mammals. We used satellite telemetry data from 33 tagged Pacific
Coast Feeding Group gray whales (2009, 2012-2013) to quantify migratory timing, routes, travel rates,
and winter habitat use. Complete southward migration was identified for 18 individuals, with all but
two departures starting off northern California, USA (NorCal), ranging from 28 November to 13
February. One whale did not migrate south, remaining in NorCal throughout winter. Mean migration
duration was 18.7 days (range: 14-26 days), with mean travel speeds of 4.9 km h™' (SD =2.1). Most
whales followed nearshore routes, although some crossed the California Bight offshore. All tracked
migrants converged on Laguna Ojo de Liebre (Baja California Sur, MX), with limited use of other
breeding lagoon areas by two individuals. Mean time spent in the wintering grounds was 26.1 days with
substantial individual variability (range = 7-68.5 days). Notably, most whales spent considerable time
outside lagoon boundaries, and eight individuals did not enter the lagoon at all. Twelve whales were
tracked through northward migration, which was longer in duration (mean = 32 days; range = 19-49
days), with mean travel speeds of 4.1 km/h (SD = 1.9) and had endpoints ranging from NorCal to
Vancouver Island, CA. Lunar illumination was not a significant predictor of migratory departure timing
in both southward or northward directions and the common departure point, and temporal spread of
departure, limited investigation of other migratory cues. The observed variability in migration timing,
duration of winter residency, and lagoon use has important implications for abundance estimation,
exposure to anthropogenic risks, and management of these, and other, migratory whales.
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Understanding reproductive dynamics is critical for evaluating the health and recovery potential of large
whale populations. However, assessing reproductive status in free-ranging whales remains challenging due
to the logistical constraints of studying these large marine mammals. Non-invasive approaches offer
valuable opportunities to monitor reproductive physiology and demographic processes while minimizing
disturbance to individuals. Here, we present complementary studies conducted on Pacific Coast

Feeding Group (PCFG) gray whales that evaluate non-invasive methods for assessing reproductive status in
both females and males. First, we examined the utility of drone-based photogrammetry and fecal
progesterone metabolite concentrations to identify pregnancy

in female gray whales. Morphometric measurements derived from unoccupied aerial systems successfully
distinguished pregnant from non-pregnant females, while progesterone metabolite

concentrations exhibited substantial overlap among reproductive states. These findings highlight the value
of body morphometrics as indicators of pregnancy in free-ranging whales. Second, we investigated seasonal
variation in fecal testosterone concentrations of male gray whales. Mature

males exhibited increasing testosterone levels toward the end of the feeding season, whereas juvenile males
did not show similar patterns. These results suggest that reproductive physiological activation

begins prior to southbound migration and demonstrates the potential of fecal hormone analyses to
characterize reproductive maturity and reproductive seasonality in males. Together, these studies illustrate
how integrating physiological and morphological assessments can improve our understanding of
reproductive status in gray whales. Ongoing work is evaluating additional endocrine and molecular
biomarkers that may further enhance pregnancy detection and reproductive monitoring. Developing

robust, non-invasive tools for reproductive assessment will strengthen population monitoring

efforts and provide valuable insights into the factors influencing gray whale health, reproduction, and
population dynamics.
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Gray whales (Eschrichtius robustus), like other mysticetes, exhibit strong migratory site fidelity. Within
gray whales, distinct subunits or migratory herds have been identified, with each group exhibiting unique
dietary preferences within their range. Gray whales in the Pacific Coast Feeding Group (PCFG) forage
along nearshore waters of the Pacific Northwest (41°N to 52°N). Observations of feeding PCFG

whales indicate a diverse prey base consisting of mysids, crab larvae, and amphipods. Here, we present the
first description of diet items from PCFG whales using DNA metabarcoding and community analyses to
quantify variation in beta diversity. Fecal samples (n = 173) from PCFG whales were collected during the
foraging season off the Oregon Coast from 2016-2023. Sequence variants from high-throughput sequencing
of the COI barcode gene were matched to diet taxa using sequence repositories and novel prey DNA
vouchers. We identified 287 species-level taxa in PCFG fecal samples from 22 taxonomic phyla, 14 of
which have not been reported previously in gray whale diets. Copepods (91%) and crustaceans (86.7%)
held the highest percent-occurrences of broad diet item groups. Fecal DNA samples were found

to comprise three distinct diet composition clusters, with the youngest juvenile whales falling into the most
distinct grouping. Results of species analysis (ISA) show mysids (Neomysis rayii), crabs

(Petrolisthes eriomerus, Metacarcinus magister), and several phytoplankton species have significant
associations with PCFG diet clusters (mean IndVal = 0.45, p < 0.05). This gradient in community / diet
composition may reflect the habitats and depth stratified foraging tactics used by gray whales in the PCFG
range, driven by distinct foraging patterns among age groups. Recent trends in gray whale foraging
behavior may reflect greater environmental changes, and high-resolution diet data may provide a baseline
for foraging comparisons within and between migratory groups of this species.
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The Pacific Coast Feeding Group (PCFQG) is a small aggregation of gray whales (Eschrichtius robustus)
that feeds in nearshore waters from northern California to southeastern Alaska during summer and
autumn. Between 2009 and 2013, 35 PCFG gray whales were satellite tagged off Oregon and northern
California, including 25 individuals from which biopsy samples were collected. To facilitate future
studies of movement ecology, population structure, and connectivity, we generated complete genetic
profiles for all 25 tagged whales and integrate these data with existing telemetry and photo-
identification records. Genetic analyses included sex determination, mitochondrial DNA (mtDNA)
haplotyping based on a 522-bp control-region sequence, and microsatellite genotyping at 13 loci. The
resulting DNA Register comprises 25 individually identified whales, including 13 males and 12
females. Mitochondrial analyses identified 12 distinct haplotypes, with haplotype frequencies ranging
from one to four individuals. Haplotype diversity was high (h = 0.940), indicating broad representation
of maternal lineages within the tagged sample. Microsatellite analyses revealed substantial nuclear
genetic diversity, with mean expected heterozygosity of 0.745, and an average of 8.1 alleles per locus
(range: 4-15). No duplicate multilocus genotypes were detected, confirming that all

samples represented individuals. The project produced the first integrated genetic database for satellite-
tagged PCFG gray whales, linking sex, mtDNA haplotypes, microsatellite genotypes, photo-
identification histories, and telemetry records (https://mmi.oregonstate.edu/whet/dna-register-tagged-
gray-whales-pacific-coast-feeding-group). The resulting dataset is compatible with larger regional
genetic datasets and provides a foundation for future investigations of genetic diversity, kinship,
movement strategies, habitat use, and population connectivity in this distinctive feeding aggregation.

Funding: The biopsy samples analyzed in this study were collected during satellite-tagging projects
conducted by Bruce R. Mate and colleagues between 2009 and 2013. These efforts were part of

the Offshore Gray Whale Satellite Tagging in the Northwest Training Range Complex

(NWTRC) project, funded by the U.S. Navy, Commander, Pacific Fleet, through the Navy’s Marine
Species Monitoring Program under an agreement with HDR, Inc. (Contract No. N62470-10-D-3011)
administered by Naval Facilities Engineering Command (NAVFAC) Northwest. The genetic analyses
presented here were funded by the Oregon State University Marine Mammal Institute

through Oregon Gray Whale License Plate Program (Award No. AMM103-AW14).
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The Makah Tribe established a Marine Mammal Program (MMP) within its Fisheries Management
Department during 2002 to manage the Makah Tribe’s sealing and whaling rights that were reserved in
the 1855 Treaty of Neah Bay. The MMP has conducted a number of studies to address data gaps on
Pacific Coast Feeding Group (PCFG) gray whales both independently and in collaborations with
partners. PCFG whales are a feeding group that shows interannual fidelity to the Pacific Coast between
41-52° (excluding Puget Sound) during the feeding season (June-November). The panels of this poster
include key results from eight study topics; QR codes link to publications or presentations on

each topic.
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The Pacific Coast Feeding Group (PCFQG) is a well studied subset of gray whales that forage along the
Oregon coast, where many individuals show high site fidelity. Recent evidence shows that PCFG
whales are morphologically shorter and have smaller heads and flukes compared to Eastern North
Pacific (ENP) gray whales. Comparing the genetic profiles of individuals with these morphological
differences could shed new light on the distinctiveness between PCFG and ENP whales. This project
piloted and validated drone based methods for collecting and genotyping respiratory vapor (“blows”)
from PCFG gray whales. Between May and October 2025, the team collected 32 blow samples from 24
individuals, paired with drone-based photogrammetry measurements of body length, condition, head
size, and fluke span. Throughout the season, iterative refinement of both field and laboratory protocols
led to major improvements in quality of genetic samples. By fall, 12 of the final 13 samples were

rated “good”, driven by a revised flight technique that positioned the drone to intercept the blows more
completely. Higher quality samples yielded improved genetic results, including successful sex
identification for all 12 “good” samples and successful microsatellite genotyping for 9 of the 12
samples. This pilot season confirms that drone based blow sampling could be a reliable, noninvasive
tool for genetic characterization of gray whales. In May 2026, we collected 19 blow samples paired
with morphological measurements from ENP gray whales foraging along the coast of Kodiak Island,
Alaska, presenting an opportunity to compare morphology and genetic characterization between ENP
and PCFG whales.
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Recent tagging efforts and opportunistic sightings have provided evidence that some Eastern North
Pacific (ENP) gray whales do not make their full migration from northern feeding grounds to their
breeding lagoons of Baja California, Mexico. As a result, the abundance estimates for ENP gray whales
may underestimate the size of the population given abundance estimates are heavily dependent on
shore-based observations of gray whales as they pass Granite Canyon, California during their
southbound migration. There is no current method to evaluate population-wide migratory behaviors to
assess the impact of this potential bias on stock assessment. However, a species of

barnacle, Cryptolepas rhachianecti, that is host-specific to gray whales, may help in evaluating the
proportion of gray whales that migrate. The gray whale barnacle spawns and recruits to gray whales in
the lagoons of Baja California, Mexico, and has morphologically distinct juvenile and adult forms.
Here we present the preliminary development and application of methods that determine migratory
behavior in Pacific Coast Feeding Group (PCFG) gray whales based on observations of their barnacle
epibionts on the feeding grounds. We have used case studies of frequently observed PCFG gray
whales to document the applications of these methods and barnacle growth progressions throughout
multiple body regions of gray whales. We have also tested preliminary assumptions that juvenile
barnacles do recruit to all gray whales that fully migrate south and only adult barnacles are observed on
a gray whale that did not migrate during the previous breeding season. Juvenile barnacle presence may
be useful for complementing existing telemetry data to understand patterns and drivers in migratory
behavior and better inform population abundance estimates.
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San Francisco Bay (SF Bay) is a highly urbanized estuary with intense vessel traffic comprised of
commercial ships, passenger vessels, fishing vessels, and recreational boats. In 1990,California enacted the
Oil Spill Prevention and Response Act which created Harbor Safety Committees in the state’s major ports
to plan for safe navigation and operation of tankers and barges and reduce risk of accidents. Committee
members include commercial fishers, ferry operators, pilots, pleasure boat operators, port authorities, state
agencies, U.S. Coast Guard, and other stakeholders. These committees also provide a unique venue for
sharing information about large whales that utilize the same areas as vessel traffic. Between 2018-2025,
43% (30 of 70)gray whales necropsied in SF Bay and adjacent coastal areas died due to suspected vessel
interactions. Prompted by this mortality data, the SF Harbor Safety Committee created a Marine Mammals
Subcommittee to proactively develop innovations, strategies, and best practices that reduce the risk of
strikes to whales while maintaining navigational safety. In 2026, the subcommittee launched the Whale
Smart program, a specialized training program that educates commercial vessel operators (such as
passenger vessels) on how to identify and navigate safely around gray whales. Additionally, the team
partnered with the Benioff Ocean Science Laboratory’s Whale Safe program to install an advanced Al-
powered network, including WhaleSpotter thermal cameras. This system scans bay waters up to two
nautical miles away and automatically flags whale blows or heat signatures, providing real-time alerts that
allow mariners to slow down or reroute. This collaboration balances conservation needs with safety
imperatives and highlights the effectiveness of efforts to bring together diverse stakeholders to achieve
conservation goals. The results in SF Bay can serve as a scalable model for balancing maritime safety and
wildlife conservation in heavily urbanized waterways globally.
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Since 2018, gray whales have been seasonally documented with increasing frequency in San Francisco
Bay (SF Bay), where they are exposed to intense commercial and recreational vessel traffic. Although
vessel strike risk is considered a primary threat to gray whales in SF Bay, fine-scale information on
whale behavior and habitat use has been limited. To address this knowledge gap, The Marine Mammal
Center and the University of California, Santa Cruz conducted a pilot study in June 2026 to evaluate
deploying multi-day biologging tags on gray whales in this urban environment. We successfully tagged
two gray whales with LIMPET (SPLASH10-292A) tags from a 7-m research vessel (two of two
deployment attempts). Tags remained attached for five and seven days, providing continuous
movement and dive data. Concurrent drone operations provided photogrammetry and thermal imagery,
while biopsy samples supported complementary health and ecological investigations. A veterinary
pathologist provided expertise on wound assessment and animal welfare throughout the study.
Analyses indicated that both whales spent approximately 90% of tagged time within the upper 20 m of
the water column, and 39-62% of tag locations overlapped ferry lanes. These results suggest high risk
of vessel strike while gray whales inhabit SF Bay. These deployments demonstrated the feasibility of
conducting tagging operations in the challenging conditions of SF Bay and the value of biologging data
for quantifying exposure to anthropogenic threats. Following tag deployment, we conducted focal
follows and longer-term monitoring of both tagged whales. Successful tag shedding and normal skin
healing provided insight into the short-term effects of subdermal tags. Lessons learned from this pilot
will inform future tagging efforts designed to improve understanding of gray whale movement,
behavior, habitat use, and vessel strike risk, ultimately supporting evidence-based mitigation strategies
in one of North America's busiest urban estuaries.
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Coincident with and subsequent to a recent NOAA-declared Unusual Mortality Event (2019-2023),
multiple gray whales remained for extended periods in San Francisco Bay (SF Bay), California, USA
during the spring northbound migration period. In 2025, the average length of stay was 25 days with a
maximum of 67 days. Observational studies from research and whale watching vessels have recorded
mud plumes produced by the whales in shallow portions of the central bay (depths < 38 m) during
dives of approximately 5-8 min. To determine whether the whales were successfully foraging, stomach,
esophageal and intestinal contents of 11 gray whales stranded in the SF Bay Area from 2018-2026 were
collected during necropsies. Of these (5 females, 6 males), the cause of death for 7 was blunt force
trauma consistent with vessel strike. Prey items were detected using two complementary methods:
macroscopic analysis and DNA metabarcoding. Preliminary results found ingested invertebrate prey
including crustaceans (amphipods, decapods, isopods), mollusks (gastropods and bivalves), and marine
worms (annelids). Other contents included algae, hydrozoans, marine plants and debris such as plastic
(5-10% by volume) and significant amounts of indigestible wood. A key finding was that some prey
species identified were characteristic of the SF Bay benthic infaunal community. This is the first
confirmation of gray whales consuming food within SF Bay, and it provides dietary data on gray
whales during a period of broad population decline. The urbanized bay offers habitat for nutritionally
stressed gray whales to forage but also increases the risk of lethal vessel interaction, as there is a high
degree of overlap between whales and marine traffic. The distribution, biomass, and nutritional quality
(calorie density) of potential prey in the bay warrant investigation.
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Gray whales (Eschrichtius robustus) are a historically resilient species currently experiencing
population decline. Despite a migration route that passes along the entrance to San Francisco Bay, CA,
USA (SFB), few records exist of gray whales entering the estuary before 2018. One notable exception
occurred during the Unusual Mortality Event (UME) of 1999-2000 when gray whales were reported
inside SFB. The study described here documented the abruptly elevated presence of gray whales within
SFB during a subsequent period of high mortality and broad nutritional stress between 2018 and 2025.
Vessel-based surveys conducted within SFB described inter-annual and seasonal trends for the years of
2023-2025. The number of gray whales within SFB trended similarly with strandings along the
California coast both seasonally and annually. Body condition was also assessed for 72 of the 114
identified individuals with suitable lateral, vessel-based photographs, revealing that 68% of whales
scored were in a visually poor nutritional state upon first observation in the bay with just 1% of whales
scored as ‘good’ body condition. In comparison, for a group of 33 northbound gray whales
photographed between 2018-2024 off the Monterey Peninsula, approximately 80nm south of SFB, just
12% of the whales were scored in poor condition and 30% in good condition. This suggests that whales
entering SFB may be in generally poorer condition than whales not entering the bay. This study
highlights the importance of ongoing geographic comparisons of migrating gray whales and provides
insight into the broader population ecology and emerging conservation challenges for this species.
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Terrestrial and marine species are exhibiting distributional shifts due to climate change and resource
availability. As food webs are impacted, some species have moved into areas of increased human
activity, encountering anthropogenic hazards. A coastal marine species that undertakes a long
migration between breeding and foraging ranges, the Eastern North Pacific (ENP) population of gray
whales (Eschrichtius robustus) is especially vulnerable to changes. Subgroups of ENP gray whales,
including the Pacific Coast Feeding Group and the (Puget) Sounders, have adapted to exploit
alternative feeding grounds as prey availability declines in the Arctic. Novel to known migration
phenology, gray whales have been observed seasonally since 2018 in San Francisco Bay (SF Bay),
California. We evaluated subgroup identity and mortality of gray whales in SF Bay from 2018-2025
using photo-identification. Data were collected through vessel-based surveys, opportunistic effort, and
community submissions. We identified 114 individual whales of which eight were matched to a
subgroup, indicating gray whales utilizing SF Bay are not merely a range extension by foraging
subgroups. Only four gray whales were resighted within SF Bay between years. Using photographs, 21
individuals were successfully matched to carcasses and a minimum mortality rate of 18% was
determined. Blunt and/or sharp force trauma consistent with vessel strike was determined to be the
cause of death for 30 of 70 carcasses, and for nine of 11 matched animals where a cause of death was
determined. Sounder and PCFG matched whales were more likely to survive SF Bay than ENP
individuals, though minimum length of stay did not influence mortality. This work confirms that gray
whales entering SF Bay are highly susceptible to vessel strike mortality and highlights a crucial need to
identify and implement adaptive management strategies to mitigate injuries and mortality as whales
continue to utilize novel habitat.
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Over the last three years, researchers at the NOAA Southwest Fisheries Science Center (SWFSC) have
collected video focal tracking data over Eastern North Pacific gray whales (Eschrichtius robustus)
using small uncrewed aerial systems (UAS) in conjunction with SWFSC’s long-running Granite
Canyon gray whale abundance survey. Although focal tracking was primarily conducted for purposes
of group size estimation and body condition measurement, we are currently annotating the same

video data to opportunistically quantify gray whale behavioral metrics, including: 1) migratory
swimming speed and trajectory; 2) surfacing interval and respiration rate; and 3) visibility through the
surface. These metrics, describing three-dimensional migratory movement patterns, will be used to: 1)
help refine data collection tools in the Granite Canyon population survey; 2) parameterize vessel-strike
risk assessment models; and 3) estimate availability bias and factors affecting detection probability
and group size bias in aerial photographic surveys and high-resolution satellite imagery surveys. This
will assist in determining the feasibility of using aerial and satellite imagery surveys in future
population assessments.
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Gray whales have experienced multiple unusual mortality events (UMEs) over the past decades, raising
concerns about the environmental and physiological factors influencing both individual health and
population dynamics. Identifying the drivers of mortality remains challenging because most assessments
rely on observations collected near the time of death and provide only a limited snapshot of an animal’s
condition. Baleen offers a unique opportunity to overcome this limitation by preserving a continuous, multi-
month record of an individual's physiology and ecology. Here, we present an integrated approach

for reconstructing gray whale health trajectories using multiple biomarkers archived in baleen. Analyses
demonstrate that hormone profiles preserved in baleen reveal long-term patterns of endocrine activity,
while stable isotope records provide insight into foraging ecology and resource use through time. Together,
these biomarkers allow retrospective examination of physiological and ecological changes occurring over
several months prior to mortality. Building on this foundation, we present preliminary analyses of mercury
(Hg) concentrations measured along baleen plates. Initial results indicate that Hg concentrations increase
through time and are associated with seasonal patterns as well as baleen-derived physiological and
ecological markers. Statistical analyses suggest relationships between mercury levels, stable isotope values,
and thyroid hormone concentrations, supporting the potential for integrating contaminant exposure,
nutritional ecology, and physiological condition within a single continuously growing tissue. Collectively,
these findings demonstrate the value of baleen as a multi-proxy archive capable of capturing
complementary information on endocrine function, foraging ecology, and contaminant exposure. By
integrating these diverse biomarkers, baleen analyses provide a powerful framework for investigating the
factors that influence individual health, contribute to mortality events, and ultimately shape gray whale
population dynamics. Ongoing work is exploring additional biomarkers that may further expand the utility
of baleen for assessing reproduction, stress physiology, health status, and environmental exposure

in gray whales.
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Identifying vessel strike lesions and determining their contribution to mortality remain significant
challenges during large whale necropsies. These challenges are compounded in cases where animals
are not accessible immediately after death, as autolysis and postmortem carcass trauma can obscure or
mimic vessel-inflicted antemortem blunt and sharp force trauma. Consequently, confidence in cause of
death determinations may be reduced, and variability among investigators may increase. To address
these challenges, a multidisciplinary working group has been established to develop standardized
criteria for evaluating and classifying vessel strike lesions in gray whales (Eschrichtius robustus). This
working group brings together stranding responders, marine mammal biologists, invited experts, and
veterinary pathologists from the Pacific coast of the United States and Canada. Through collaborative
review of gross necropsy findings, histopathology, and case histories, this working group is identifying
lesion characteristics that distinguish antemortem and perimortem sharp and blunt-force trauma from
postmortem decomposition and artifacts caused by carcass displacement. Soft tissue hemorrhage and
skeletal fractures are being evaluated across confirmed and suspected vessel strike cases to develop a
standardized scoring rubric. For prospective gray whale necropsies along the Pacific coast, the resulting
rubric will assist stranding network partners in improving diagnostic consistency, reducing observer
variability, and strengthening the quality of data used to inform management and conservation actions.
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Non-invasive photo-identification based on natural markings is a central tool in gray whale (Eschrichtius
robustus) research and management, used in the estimation of abundance, the tracking of demographic and
biological parameters, and studies of large- and small-scale movement patterns. Manual photo-
identification matching is however a labor-intensive process that is challenging to scale within and across
regional catalogs. This project represents a multi-year collaboration to develop and implement Artificial
Intelligence and Machine Learning (AI/ML) reidentification tools for gray whales within the web-

based www.flukebook.org platform. The development of this project has progressed through multiple
phases, evolving from the training of pre-existing reidentification algorithms (HotSpotter, PIE, CurvRank)
and the implementation of ensemble models, to the development of a gray whale-specific

algorithm, whaleridgeFindR, focused on long-term stable features of the dorsal ridge. The current
operational model, MiewlD, leverages state-of-the-art deep learning, yielding increased computational
efficiency and approximately 96% matching accuracy over the top-20 search results. Collaborators on this
project have imported extensive datasets to www.flukebook.org covering the western North Pacific and
eastern North Pacific gray whale populations, and the Pacific Coast Feeding Group, facilitating cross-
catalog reconciliation and studies of population connectivity. While these tools have the potential to
streamline workflows, challenges remain regarding human interpretability of deep learning outputs, and the
possible overweighting of mutable features like pigmentation and scarring patterns over more stable long-
term diagnostic markings. Future efforts will focus on expanding algorithmic matching to aerial drone
imagery, while also maintaining the essential role of human expertise in ensuring catalog integrity.
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Gray whales migrate annually between breeding grounds in Baja California, Mexico and feeding

areas in the Arctic, along a nearshore pathway that exposes them to cumulative risks: entanglement in
fishing gear, vessel strikes, underwater noise, and climate-driven shifts in prey and habitat. Despite decades
of research documenting gray whale migration and the growing understanding of threats across their range,
conservation and management actions remain fragmented across jurisdictions, sectors, and management
frameworks. National marine mammal protection laws, marine protected areas, and voluntary industry
measures provide an important foundation for protection but do not yet function as an ecologically
connected network across the full migration route. As a result, conservation gains in one region may be
offset by threats elsewhere.

Building on the collaborative reports Protecting Blue Corridors (2022) and Blue Corridors of the

Eastern Pacific (2023), and the supporting platform BlueCorridors.org, WWF and more than 60

partners have transformed over three decades of data into decision support tools for conservation and
policy. Developed with scientists, NGOs, governments, and technology experts, these tools visualize whale
movements alongside threat layers, priority habitat, and existing protections.

This poster presents WWF’s vision for a North American component of an Eastern Pacific Blue

Corridor, encompassing the gray whale’s full migratory route. The approach focuses on connecting habitats
and reducing cumulative risk across the migratory cycle. We aim to complement and strengthen existing
conservation efforts by identifying gaps; aligning with ongoing research, conservation, management, and
advocacy; and supporting Indigenous leadership, community engagement, and private-sector solutions at
the scale of whale migration. This poster explores how WWF is investing in and scaling these efforts
through a regional approach and how lessons learned could inform co-designed, corridor-scale conservation
of gray whales and baleen whales across the Northeast Pacific.
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Understanding patterns of species distributions and habitat suitability is essential for conservation and
management. For gray whales (Eschrichtius robustus), as well as all other highly migratory marine
species, developing dynamic habitat suitability models can help characterize exposure to anthropogenic
threats, such as vessel collisions and fishing gear entanglement, and can help inform spatially- and
temporally-explicit management interventions, such as vessel speed reduction programs. Here,
leveraging open datasets of gray whale locations and integrated species distribution models, we
developed habitat suitability models for gray whales at 10km spatial resolution and weekly temporal
resolution on the West Coast of the United States, from California to the Olympic Peninsula of
Washington. These models were able to recreate patterns of gray whale migrations and performed well
when predicting independent data. In this poster, we will present monthly map predictions for gray
whales, highlight areas of high predicted overlap between gray whales and large vessels, compare our
results, which combine data across feeding groups, with other modeling efforts for the Pacific Coast
Feeding Group, and discuss the degree to which existing vessel speed reduction programs overlap in
time and space with areas of high predicted gray whale habitat suitability.



Acknowledgements

The Symposium Steering Committee would like to thank all of those who contributed to the Range-
wide Gray Whale Science Symposium. We thank the speakers, panelists, moderators, and poster
presenters for sharing their research, expertise, and perspectives, and all the participants for their
thoughtful questions and contributions to the discussions. We are grateful to the Symposium
rapporteurs Rylee Allen, Taylor Azizeh, Lauri Leach, Charles Nye, Amadi Afua Sefah-Twerefour,
Jackie Shaff, Debbie Steel, and Ryan Walsh for documenting the presentations and discussions, which
provided an important foundation for the development of these proceedings. We thank Oregon State
University's Marine Mammal Institute for hosting the Symposium at the Hatfield Marine Science
Center, and the additional staff, students, and volunteers who provided support throughout the meeting.
We also thank the Natural Resources Defense Council and the Animal Welfare Institute, along with the
Marine Mammal Institute, for sponsoring the poster session.

Steering Committee and Meeting Support

Amadi Afua Sefah-Twerefour, Marine Mammal Commission;
Jason Baker, Marine Mammal Commission;

Lisa Ballance, Marine Mammal Institute, Oregon State University;
Frances Gulland, Marine Mammal Commission;

Barb Lagerquist, Marine Mammal Institute, Oregon State University;
Aimée Lang, NOAA Fisheries, Southwest Fisheries Science Center;
Lauri Leach, Marine Mammal Commission;

Sue Moore, Marine Mammal Commission;

Randy Reeves, Marine Mammal Commission;

Lori Schwacke, Marine Mammal Commission;

Jackie Shaff, Marine Mammal Commission;

Peter Thomas, Marine Mammal Commission;

Dave Weller, NOAA Fisheries, Southwest Fisheries Science Center;






	Slide Number 1
	Range-wide Gray Whale Science Symposium Proceedings
	Slide Number 3
	Slide Number 4
	Presentations and Panel Discussions
	Slide Number 6
	Presentations and Panel Discussions
	Panel Discussions
	Panel Discussions
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Poster Presentations
	Poster Presentations
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63



