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Commonalities between MMs and us

Both are mammals and respond similarly to diseases, toxins or
other insults

We eat the same food

Social interaction is similar — disease epidemiology is
comparable

Emerging diseases are appearing in MMs just as in the human
population

Climate change is impacting disease occurrence in both



TMMC's pathology research

= Cancer Research.

« Sea lion urogenital carcinoma
« Other cancers eg northern elephant seal neonatal leukemia/lymphoma

= Emerging/evolving infectious diseases

* Infectious diseases
*  Leptospirosis (Weil's disease)
»  Klebsiella pneumoniae (HMV genetic variant)
- Pasteurellosis (avian cholera)
*  Brucellosis
«  Coccidioidomycosis (Valley Fever)
«  (Coronaviruses
*  Morbilliviruses
«  Protozoa (Toxoplasmosis, Sarcocystosis)
- Parasites - Nematodes (eg Hepatic capillariasis, Otostrongyliasis)



TMMC's pathology research

= Toxins

« Harmful Algal Blooms (Domoic acid, saxitoxin and others)
* Fluorosis in CSLs

= Influence of environmental change on health

«  Fresh Water Skin Disease in coastal cetaceans
«  Climate change and narwhals

= Unusual Mortality Events
« Gray whales
« Guadalupe fur seals
« Arctic phocid alopecia



CANCER



Cancer

= Sea lion Urogenital Carcinoma (UGC)
« Whatis it?
* How is it related to cancer in people?
» What have we found?
* What is new
 Future directions

 Other kinds of cancer
» Leukemia and lymphoma in elephant seal pups



UGC

Multifactorial Cancer similar to cervical cancer in
humans

= Herpesvirus (OtHV-1)

= Pollutants (POPs - persistent organic pollutants)

= Genetics (inbreeding) may have a lesser role

Up to 25% of adult CSLs necropsied at TMMC have it

= About 18% have metastatic disease that causes death directly
or indirectly,

= The rest have subclinical cancer detected by microscopy when
they die for another reason.

To put these numbers in context, according to WHO, cervical cancer in women
which is regarded as having a high case fatality rate, causes 13.3 deaths per
100,000 globally each year. That would be an incidence rate of around 0.013%






In June and July this year, we saw an unprecedented number of cancer cases



Freefly csL 12736

Freefly was rescued in poor condition
and with swelling (edema) of her vulva.



Birdman csL 12778

Birdman, a subadult male,
presented like Freefly with
depression and a swollen
hind end.



Hydronephrosis common
sequel to lymph node
enlargement

In females the primary site is
usually the cervix as for women
with cervical cancer

Liver metastasis

Kidney mets



Male CSL



CSL Freefly: Cervix section  Dysplastic surface epithelium

Progression to carcinoma in situ
(still within the epithelium)

Sub epithelial inflammation
(Mostly lymphocytes and plasma cells)



Birdman: Prepuce Dysplastic epithelium

Carcinoma metastases
in lymphatic vessels



Birdman: Prepuce Metastasis in a lymphatic



UGC: Recent
research....

Dr Alissa Deming recently defended her
Ph.D. through UF on the role of
herpesvirus in the pathogenesis of UGC

20 year case-control study led by
TMMC to investigate the relative
contribution of multiple factors
published in 2020.



Key Finding: The prevalence of UGC has not changed in the population over

30 years of monitoring. Approx. 15% have advanced metastatic disease that
is the cause of stranding and death but up to 25% have microscopic lesions
that will progress (These early cases are discovered when the animal dies

for some other reason).



Key Finding: The herpesvirus found in all cases of UGC (OtHV-1) has the same
cancer-causing genes (oncogenes) as the herpesvirus of people (HV-8) that
causes Kaposi's sarcoma.

(Cervical cancer in women is also caused (95% of cases) by a virus but in that
disease, it is Human papillomavirus, HPV)



In-situ hybridization experiment showing
OtHV-1 mRNA expression in carcinoma in
situ (CIN) and invasive carcinoma in the
cervix. Rows 2, 3 and 4 are oncogenes and
all are positive (compared to bottom row)
for CIN and invasive carcinoma.



Research Paper

This multi-year case-
control study
involving hundreds of
sea lions found a
significant
association with
herpesvirus infection
as expected but also
with persistent
organic pollutants
from fish.



e Based on 394 sea lion necropsies
conducted over 20 years, for each unit
increase in the concentration of POPs
in the body fat, the odds of developing
cancer increased by 28%.

e With a low concentration of
contaminants, the probability of
cancer is approx. 30%.

e With a high concentration of
contaminants, the probability of
cancer increases to 80%.






Health effects of DDX chemicals

dReproduction
Q Premature parturition in CSL (De Long et al., 1973)

QEndocrine Disruption
O Decrease in circulating thyroid hormones (Debrier et al., 2005)

JdImmune Function

O Altered NK and lymphocyte proliferation in vitro. PCB congener specific effects
(Penin et al., 2018)

dEnhancement of seizures in domoic acid exposure cases?
O zebrafish model (Tiedeken & Ramsdell 2009)

JCancer















Ongoing & Future Directions

= Developing a cytology-based method of detecting early cancer
change in living animals (PAP smear for sea lions)

= On-going research into the genetics of carcinoma with the Breen
Lab, North Carolina State University

= UGC as a model for studying the mechanisms of carcinoma
metastasis

= Role of newly discovered DDT related compounds (~45) in
causing adverse health effects.



California Sea Grant proposal — successfully funded 2023



New Cancer: Lymphoma in NES pups

Two male NES pups
u 2020 San Luis Obispo, CA
- 2021 Santa Cruz, CA

https://www.usgs.gov/centers/pcmsc/science/cosmos-31-central-
california?qt-science_center_objects=0#qt-science_center_objects






Pathology



Research Questions

= Does this new gamma herpesvirus (called
miroungine herpesvirus 3 or MirGHV3) also
carry oncogenes like OtHV1?

= Do contaminants play a role in the development
of cancer?

= How prevalent is MirGHV3 in the elephant seal
population?



Lab test will be used to
determine the
prevalence of the virus
in the NES population



LEPTOSPIROSIS



Leptospirosis in California sea lions



0 Leptospira interrogans Pomona has been causing periodic
epidemics in sea lions since at least the early 1970s

o In past decade, a "fade-out” phenomenon was observed in
which infection disappeared completely from the population.

o This has been shown to be linked to changed in the NE
Pacific ecosystem that appear to be climate driven.

o When the disease reappeared, there were some difference in
the pathology observed



Pathology

Marine mammal kidneys have a “reniculate”
structure like a bunch of grapes and each
“grape” is an individual kidney unit with its own
cortex, medulla and pelvis.

Normal sea lion kidney

Leptospirosis kidney

Expanded pale cortices
(Inflammation)

Hemorrhage at the
cortico-medullary
junction



Acute Tubular Necrosis



Special stains to reveal leptospires

Silver Stain: Non specific for
leptospires (Black)

Immunohistochemistry specifically
detects Leptospira antigen (Red)

Stain
concentrated in
tubules

Glomeruli not
stained



Pathologic Presentation

= Tubulointerstitial nephritis

Acute tubular necrosis with sloughing of necrotic epithelial cells
and replacement by re-epithelization

Leptospires demonstrable in the lumen
Pleocellular (mixed) leukocytic infiltration into the interstitium with
over-representation of lymphocytes and plasma cells.

= Uremic syndrome

The above plus mucosal and epithelial ulceration: buccal cavity,
esophagus, stomach, urogenital tract.

Interstitial pneumonia with alveolitis and edema.

Dermatitis — erosive and ulcerative.

Cerebral edema.



Buccal ulcers

Sorrell CSL-14079 a subadult male with severe
gingival and labial ulceration

Systemic Lesions
“Uremic Syndrome”



. “Volcano” ulcer caused by anisakid
Gastric & duodenal ulcers nematodes are common in all sea

lions

Deep bleeding ulcers

Bleeding ulcers

Sorrell CSL-14079



Gastric ulcers

Large clots of blood attached to mucosa

Abscessed pancreatic lymph node Pancreas CSL-14086 Ocelia



Skin ulcers and erosions

Frequently seen on
the ventral surfaces
at pressure points.
The hind flippers are
the most common
site affected as in
this case: CSL-13966
Valerie.



Interstitial Pulmonary Edema

Casita CSL-14047



Interstitial Pulmonary Edema

Edema separating
lobules

Delcarlo CSL-14050



Fade-out & Re-emergence

Since 1984 yearly seasonal outbreaks with periodic (3 to
5yr) epidemics.

Serology data from free-ranging (prevalence) and

stranded CSLs (incidence) showed absence of cases
between 2013 & 2017.

« All pups born between 2013 and 2076 were seronegative.

Fade-out was followed by a small outbreak in autumn
2017 and a major epidemic in 2018.



Leptospirosis: An endemic disease with periodic
epidemics

Re-emergence
Fade-out

Another large peak in fall
2022 that has continued
through summer 2023



Hypothesis

Fade out and re-emergence driven by recent
oceanographic thermal anomalies (Marine
Heatwave “The Blob”) by 2 possible mechanisms:

(1) Reduced buildup of susceptible hosts due to
reduced pup production and increased pup

mortality,

(2) Changes in age- and sex-specific movement
patterns (prey driven?) which altered
population mixing and hence transmission
dynamics.

(For more, follow the work of Katie Prager, Benny Borremans
and Jamie Lloyd-Smith, Department of Ecology and
Evolutionary Biology, University of California, Los Angeles, CA,
USA)



Thermal
anomalies may

become the “new
norm” with

Eastern N Pacific Climate Change

September 2014 September 2019



Something new in 2022

Seven confirmed field-acquired cases in northern elephant seal
pups stranded in WA, OR and CA

Leptospira interrogans Pomona positive serology and on PCR

All presented with azotemia and either died or were euthanized
Gross appearance of kidneys was not remarkable

Renal tubular necrosis and interstitial nephritis on histopathology

Acute tubular necrosis

Lymphoplasmacytic inflammation Positive Pomona IHC



KLEBSIELLLOSIS



Phocarctos hookeri
Endemic to NZ
Threatened and declining (~12,000)



In 2002 AND 2003 pupping seasons unprecedented epidemics
occurred that killed 50% of all pups

Swollen septic joints



Severe acute suppurative
and necrotizing
polyarthritis and myositis



Necrotizing dermatitis

Meningitis

Around the same time (2001/02) it appeared in CSL pups on San
Miguel but the outbreak was not fully documented. Further
outbreaks occurred in NZ through 2009 and it is now endemic.

Sporadic cases seen in older CSLs at TMMC over past 20 years.



Sporadic cases seen at TMMC over the years
« Most present as lung abscesses that rupture causing pyothorax (pus in chest).
« Thisis a typical case - CSL Jamelia from 2020

Large abscess on the lung which
ruptured causing huge accumulation of
pus in the chest cavity



Over past 3 years we have seen a marked increase in Klebsiella cases



So where did HMV Klebeiella pneumoniae come
from?

- Kp is very common in people as cause of pneumonia

) HMV Kp arose as a nosocomial (hospital acquired infection) in east Asia in the late
1980s and spread globally. It as acquired unique morphologic features and often
carries antimicrobial resistance genes.

J Surveillance work in NZ prior to 2002 showed that it was not present in NZ sea lions
until 2002 and it likely appeared in CA around same time.

) Our research showed that NZSL isolates over 2 years of epidemics were clonal (ie
likely all from a single source of infection).

1 Most likely introduced by an infected person: fishing fleet, eco tourists, researchers,
conservation field staff (there are no permanent residents on the Auckland Islands).

1 Our current research with Dr Esteban Soto, UC Davis, is looking at the genetic diversity
in TMMC isolates over recent years.






SARCOCYSTOSIS



Sarcocystis neurona-associated myositis in

California Sea Lions

0 In 2010 an adult female sea lion
(Zalophus californianus) was rescued
because of lethargy and difficulty with
ambulation.

o She had elevated creatine kinase
suggesting muscle damage.

o Biopsies of skeletal muscle showed S.

neurona-like cysts in myocytes and

gPCR for Sarcocystis was positive.
o She was treated with anti-protozoal

medication and released.

o Long term survival is not known.

This disease did not
appear again until 2016

Carlson_Bremmer et al., JAVMA, 2012



Prominent occipital crest _ _
Atrophied temporalis muscle

Prominent
zygomatic arch

Atrophied
masseter
muscle

CSL-Sandwise



Pale streaky atrophied
Laryngeal muscles

(M. cricoarytenoideus) Larynx

Base of tongue

Trachea



Severely atrophied diaphragm (thin and streaky)
Aorta

Opening for
esophagus



Pectoral muscles with severe atrophy and streaking



Greatly distended esophagus (dashed lines) Diaphragm (pale and streaky)

. >

The Marine

-




Opened esophagus packed with fish bones and flesh Pale streaky diaphragm



Histologic section from the diaphragm of CSL Hillard

Sarcocyst in a myocyte surrounded by
necrotic (dead) myocytes, inflammatory
cells and satellite (stem) cells.

Sarcocysts in myocytes

The predominantly blue tissue is all damaged muscle



Hyper-eosinophilic myofibers Nucelar rowing

Temporalis Muscle . .
(necrosis) (regeneration)

Infiltrating
lymphocytes



Immunohistochemistry for Sarcocystis Bradyzoites in a cyst stain brown

Sarcocystis proteins in necrotic myocytes



Life Cycle of Sarcocystis neurona

Apicomplexan protozoan parasite that
is very similar to Toxoplasma gondii.
The definitive host is the Virginia
opossum (Didelphis virginiana) not the
cat (T. gondii).

It is a well known cause of spinal cord
damage in horses (Equine potozoal
myelitis).

In marine mammals causes encephalitis
in harbor seals and sea otters in the
eastern North Pacific.

Land-to-Sea mode of transmission.



Sea Lions with Polyphasic Rhabdomyositis

Just one case in 2010 prior to this outbreak






Hypothesis: This is a new strain of Sarcocystis that
sea lions are highly susceptible to



However....

In collaboration with DR Mike Grigg and
Elizabeth Zhang, NIH, Multilocus
genotyping of these S. neurona isolates
at surface antigen and microsatellite
biomarkers revealed a preponderance
of Type Il and Type VI strains.

Both strains were already circulating in
marine mammal populations found
along the Eastern Pacific coast of the
United States and previously associated
only with neurologic disease.

Elizabeth Zhang presenting at the World Marine
Mammal Conference, Barcelona, December 2019



How are sea lions exposed to Sarcocystis and why has the
prevalence of disease apparently increased since 2016?

We know that in sea otters, infection is seasonal, and related to run-off from
winter rain



The increase in cases coincided with the North Pacific Thermal

Anomaly.

Could that have affected the spread of a land pathogen to the ocean?
Or, could a shift in prey during these years have exposed sea lions to the parasite?

“The Blob” warm water anomaly 2013-'16
NOAA Sept 2014



A current project is looking at developing a serologic test for exposure to the parasite

This will help with
disease ecology
studies: Who is infected
and are there hot spots
for infection.



HARMFUL ALGAL BLOOMS



Domoic acid intoxication

Photo Credit Tony Orr; NOAA Permit 16807






DA intoxication evolving epidemiology

 First diagnosed as a cause of mass mortality in California sea
ions in 1998 (Scholin et al. 2000).

» Retrospective research identified 2 likely earlier events in sea
lions in1991 and ‘92 (Greig et al 2005).

 For 2 decades (90s & 2000's) Harmful Algal Bloom (HAB)
events were sporadic and usually in summer & early autumn.

« Since 2014, toxic blooms causing mortality have occurred
annually and over extended geographic and temporal scale.

« Related to climate and marine thermal anomalies?



Domoic Acid Intoxication



DA diagnosed in CSLs at TMMC 1998-2019

When first recognized,
outbreaks occurred
irregularly and not
every year. Usually
summer or autumn

Outbreaks now occur
every year and may be
seen in any month.
Particularly common in
Blob years (2014-'19)
and El Nino years
(2023).



Thermal Anomalies



DA Pathology

Biotoxin produced by Pseudo-nitzschia sp. diatoms

Analog of the neurotransmitter glutamate that exerts potent excitatory activity in the brain, heart,
and other tissues

Causes neuronal necrosis and vacuolation in the limbic system: Olfactory tracts, amygdala,
hippocampus, parahippocampus.

Conduction system of the heart — cardiomyopathy.



Sea Otter: Brain (hippocampus) “Acute DA”
Dentate Gyrus

Ammon’s Horn

(Cornu Ammonis)



Sea Otter: Brain - hippocampus

“Normal neuron”

High power view of necrotic neurons in Ammon’s Horn CA4



Adult Female Guadalupe Furseal (Chronic DA)

Right Left

Yellow arrows
show atrophy of
Normal the left temporal
lobe relative to the
right (blue arrows)

MRI by Dr Sophie
Dennison



GFS: Chronic DA, brain section through hippocampus

: Cerebral cortex
Expansion of

the temporal Corpus
horn of left callosum
|ateral ventricle Capsula interna

Lateral ventricle

Fornix

Third ventricle

Thalamus

Lateral ventricle
Temporal horn

R. Hippocampus
: (more normal)
L. hippocampal

atrophy Atrophy of left
parahippocampal gyrus Parahippocampal gyrus



Normal heart Cardiomyopathy

Abdomen distended by effusion

Pale rounded heart and edematous lungs Myocardial fibrosis (blue staining)



Recent Project:Can proteomics be used to diagnose acute toxicosis?

Collaborative study with Grice Marine Laboratory, NIST, NOAA and TMMC.
Gautam Ghosh recently defended MSc thesis

Selection criteria based on CSL

brain histopathology

» Acute neuronal necrosis
without evidence of past
exposure “acute DA"

» “Chronic DA" — atrophied
hippocampal complex with
sclerosis but no ongoing
necrosis or inflammation.

> “Acute on chronic” pre-
existing hippocampal atrophy
with acute neuronal necrosis.



CSL-14884 Cringles A

. Temporal horn of Cornu Ammonis (CA, Ammon'’s horr
Normal hippocampal complex j5teral ventricle Dentate gyrus (DGQ The Marine
Left side | | Right side ammal Center.

T W., —
it g - 3 3
‘7
£

Note the clearly defined S shape to the hippocampal complex. .
The size of the lateral ventricle surrounding it. Para-hippocampal gyrus  gypiculum

The clearly visible neurons of the CA and DG




CSL-14435 Cowbell
Acute DA toxicosis

Right hippocampal complex

High power (200x) of the CA1 segment of Ammon'’s horn
shows large number of acutely necrotic neurons (bright pink
staining cells).

At low power (12.5x) there is very little change from the
normal structure.



CSL- 14827 Antares
Chronic DA hippocampal atrophy: “mild” lesion

Note that the hippocampal complex is contracted and the lateral ventricle space is relatively expanded
The lesion is asymmetric and slightly more marked on the left
It is less apparent at this low magnification but there are fewer neurons in the CA and DG



CSL-14861 Lamora
Chronic DA hippocampal atrophy: “Marked” lesion

L R

CA3

CA4

DG

Asymmetric atrophy is much more pronounced on the left with contraction and distortion of the hippocampal complex
Note the laminar pale areas of vacuolation (arrows) and the loss of neurons from CA3, CA4 and the DG particularly on the left



CSL-14855 Protector
Chronic DA hippocampal atrophy: “severe” lesion

Asymmetric hippocampal atrophy with severe lesion on the left but only a mild/insignificant change on the right.
On the left there is complete loss of CA2, CA3, CA4 and the dentate gyrus. On the right, just mild loss of neurons from CA3 & CA4.
The remaining structure on the left is severely contracted with relative expansion of the lateral ventricle



CSL-14657 Melli
Acute on chronic DA toxicosis

High power 400x

Note the symmetric atrophy of the hippocampus (expanded clear space around it).
This is the chronic component.

CA3, CA4 and DG on the left are also pale from loss of neurons.

On high power examination of Ammon’s Horn (right image) note all the red dead
neurons (acute lesion)



FLUOROSIS



New Toxicosis in California Sea Lions (as if they needed it!)
CSL Cringles

-« Subadult (4-8 years) male California sea lion (Zalophus
californianus).

- Stranded at Ft Bragg with in poor body condition and
ambulatory difficulties.

- Bone proliferation detected on humerus by radiography
« Despite 3 weeks of care, he became anorexic, lethargic and

reluctant to move so euthanasia carried out. DDX Sarcocystis
polyphasic rhabdomyositis

- Three more carcasses recovered from same area of Mendocino
County.



Necropsy Findings- Humerus



The Marine
Mammal Center

Necropsy Findings

g

Humerus Femur




Necropsy Findings

Hyperostotic new bone

Original cortex



Ribs
Case 2)

Case 1 mandible (uncleaned)
with dull brown enamel (arrow)
and pitting on canine. Inset-
Case 1 maxillary incisors and
canines with variable and
increased wear

Histology (H&E) of case 1
humerus with thick radiating and
proliferating periosteal new bone
formation (bracket) with thinner
similar inner trabeculae with
intertrabecular fibrous tissue.
Inset- Higher magnification of
bracket area comprised of boney
trabeculae of endochondral
ossification comprised of
chondrocytes and cartilaginous
matrix transitioning into poorly
mineralized osteoid matrix.



Control Mandible
(not cleaned)

Case os penis with hyperostosis

Case Mandible with
severe dental
attrition and
mandibular
hyperostosis

Histology (H&E) of thinner
inner trabeculae comprised
of poorly mineralized
osteoid (asterisk), reversal
lines (arrow), lined by
osteoblasts and
osteoclasts (arrowhead).
Intertrabecular spaces
comprised of fine
connective tissue and
capillaries.



Differentials for Hyperostosis

Genetic/congenital
= Congenital hyperostosis of pigs
= Craniomandibular osteopathy of West Highland White and Scottish Terriers
= Calvarial hyperostosis of Bullmastiffs
= Caffey disease of infants

Inflammatory
= Hypertrophic osteopathy (Marie's disease)
= Hepatozoon americanum in canids

Toxic
= Fluoride
= Vitamin A



Fluoride Bone Measurements

Humerus 8,1000 3,800 2,500 - 3,000 600-900
Femur 6,100 1,500
Rib 9,700 2,000



Fluoride levels in PPM/dry weight

SA
M
6100
8100
9700
9000
4000

4700

6500

6871

SA

M

5000

3800
3700

4200
4200

4180

4500
4500

4300

4600
4475

SA
M
1500

2000

2400
3200
1700
1700

3800

2329

1400

1400

1400

1400

SA

1500

1500



Fluorosis Lesions are well

described in marsupials in
Victoria downwind from an
aluminium smelter

Osteofluorosis
= Hyperostosis

. . .
OSteOSClerOS | S’ OSteOporOS | S' . Hufschmid J, et. al. Skeletal Pathology of Eastern Grey Kangaroos (Macropus giganteus) Exposed to High
0Steo p hytOS IS an d/Or osteoma | acla Environmental Fluoride Levels in South-Eastern Australia. Journal of comparative pathology. 2015;153(2-

3):167-184. doi:10.1016/j.jcpa.2015.06.002

Growth plates and joints
= Rickets-like physeal lesions
= DJD-like lesions

Dental Fluorosis

= Poorly mineralized and hypoplastic
enamel

Death C, et. al. Dental fluorosis and skeletal fluoride content as biomarkers of excess fluoride
exposure in marsupials. The Science of the total environment. 2015;533:528-541.



Exposure for sea lions?

» Ongoing collaborative research project
with Dr Pobert Poppenga of The
California Animal Health Laboratory and
toxicology resident, Dr Chelsea Sykes to
determine the prevalence of
intoxication.

» Also working with NOAA sea lion
biologists and the California Academy
of sciences (historic samples).

> All cases stranded in Ft Bragg area of
Mendocino County.

» Sampling all age classes from multiple
locations through time.

» Future work to look at exposure (prey
species from different areas).



GRAY WHALE UNUSUAL
MORTALITY EVENT



Gray whale (Eschrichtius robustus)
mortality events



1999-2000 2019-2022



Unusual Mortality Event

o 590 dead gray whales (Canada,
Mexico, and U.S.) documented
from 2019 through June 30, 2022.

o0 Recent abundance estimates
found a ~24% decrease in the
population between 2016 and
2020 (Stewart and Weller, 2021).






C-552 Gray Whale (Eschrichtius robustus)

Juvenile male found floating
in the Bay and beached on
Angel Island, 8t March 2018

Massive infestation with whale lice (Cyamids)



C-673 Sub-adult male

Outer blubber (60% adipose) Mid blubber (50% Deep blubber (25% adipose)
adipose)

Stranded 12 May 2021, Cause of death — ship strike (fractured vertebrae)
However, he was also in poor body condition based on blubber depth and
histology



Findings
= No single cause of death

= Deaths occurred because of trauma (ship strike), malnutrition,
predation (killer whales), or combinations of these.

= For many, decomposition prevented determination of cause of death.
= No pathogens identified

= Biotoxin levels (Saxitoxin, DA) were undetectable, low or moderate but
the significance of even the highest levels are unknown.

= However, a common factor in these years was poor body condition.

= This was also corroborated by other methods such as drone
photogrammetry of live whales on migration and in Mexico



Sea ice cover in the Bering and Chukchi Seas has declined dramatically
in the past two decades

The distribution of benthic prey species has shifted northward

Gray whale distribution has also changed in response to this (Moore et al,,
2022)

The 1999-2000 UME was preceded by the 1997/98 El Nino event
The 2019-22 UME was preceded by the N Pacific Thermal Anomalies

Figure from Moore et al. ( 2022) showing a marked decline in benthic amphipods
in the northern Bering Sea from 2010 to 2019



"Whether or not gray whales were nutritionally stressed due fo a
change or reduction in prey availability related fo environmental
forcing, and/or fo increased competition for food resulting from
their burgeoning population size, remains a pivoral question with
regard fo both UME events” Moore et al. 2022

= [n other words, we don't whether the UMEs were caused
by Climate Change (too few groceries) or because of
Carrying Capacity (K) of the environment (too many
whales for the resources)?

= Perhaps a combination of both?



Special thanks to TMMC pathology &
Diagnostics team: Maggie Martinez, Barbie
Halaska, Jackie Isbell, Carlos Rios, Jen Soper
& Erica Ono-Kerns. TMMC rescue and care
staff and volunteers.



