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EXAMPLES OF DECLINES IN NATURE

ECOSYSTEM EXTENT AND CONDITION
47% B Natural ecosystems have declined by

47 per cent on average, relative to their
earliest estimated states.

SPECIES EXTINCTION RISK

250, ™ Approximately 25 per cent of species are
already threatened with extinction in
most animal and plant groups studied.

ECOLOGICAL COMMUNITIES

239, ™ Biotic integrity —the abundance of naturally-
present species —has declined by 23 per
cent on average in terrestrial communities.*

- BIOMASS AND SPECIES ABUNDANCE
Marine The global biomass of wild mammals has
82% B fallen by 82 per cent.* Indicators of

vertebrate abundance have declined
rapidly since 1970

NATURE FOR INDIGENOUS PEOPLES
AND LOCAL COMMUNITIES

729% W 72 per cent of indicators developed by
indigenous peoples and local communities
show ongoing deterioration of elements
of nature important to them
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Northern sea otters e

Serology Relationship to morbilliviruses
Alaska
No. positive/No. tested 57 96 Rinhggfséits
Pathogen (% positive) Pestg des Petits
Toxoplastua gondii 28 (2'62@ — Dolphin morbillivirus
Sarf:qsy'stls neurona 1/78 (2.6%) 100 1 Pilot whal bill
Calicivirus (serotype 1) 0/69 (0%) c 1o V‘é at e morbillivirus
Canine Dj SiLus 1/77.(1.3%) anine distemper
= EEocine Distemper virus 30/7ZL(3§£;%)> 100 Phocme dlstemper-1 /NL/1988
i alliyi o distemper-1/DK/2002
Porpoise Morbillivirus 0176 (0%) 100
Phocine Herpesvirus-1 11/76 (14.5%) 0.05 : 3 emper-1 /NL/2002
Leptospira spp. * 1/76 (1.3%)
Brucella marinus 1/76 (1.3%)

Goldstein et al 2009, 2011



Transmission to the North Pacific?

Arctic and sub-Arctic migrating seals suggested as
carriers of PDV in Atlantic Ocean

eg. gray seals vectors of disease to harbor seals, may
provide contact between North Sea and Arctic Ocean

PDV vector species largely unknown

Intraspecies contact likely method of transmission
through Arctic to Pacific Ocean




Phocine Distemper Virus

Paramyxovirus, genus Morbillivirus: Measles, Canine
distemper

- Highly infectious, high morbidity and mortality

- Outbreaks in Europe in 1988, 2002

- 23,000 and 30,000 harbour seal deaths
- Sympatric grey seals less affected

Clinical signs: Respiratory, Fever, Neurologic
Pathology: Pneumonia, Encephalitis, Lymphoid depletion

Death often due to secondary bacterial
infection, viral immunosuppression

Disease susceptibility and severity varies



Phocine Distemper Virus in the US

« QOutbreaks in harbor seals on Atlantic Coast

- Endemic in Atlantic species?
- Harp, hooded, gray, ringed  Duignan etal 1997

» Exposure in Canada’s ArcticPhillippa et al 2004

- Serologic surveys before 2000 no exposure in
Pacific marine mammals

Hanni et al 2003, Burek et al 2005, Zarnke et al 2006

« PDV never identified as cause of illness or death in
the North Pacific Ocean



Species overlap
in the North Pacific
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Transmission to the Pacific?

- Examine exposure and infection in sympatric species
- Circumpolar: Ringed, Bearded
- Arcticde : Spotted, Ribbon
- Subarctic: Steller sea lion, Northern fur seal,
Harbour seal
» Determine the timeline of exposure, geographic extent




Seroprevalence
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Relationship to other Morbilliviruses

Measles/Nigeria/1998/AM943876

p—— Rinderpest/Kuwait/1982/X68311

PPR/Nigeria/1975/A)298897

r CMV/Gm/Spain/1990/HQ829972
1

I- DMV/Sc/Spain/1990/NC_005283

CDV/Baikal seal/1988/EU642565

SY/Nasal/St Geo

NFS SAM81/NasalSt Paul/2012

P@V-1/NL2002 /AF525288

SSL YUNO4-19/Nasal/Yunaska/2004

PL2009-2016/WBC/Bering sea/2009

NSO FW07098/Brain/Kodiak /2007
HF2010-2019/Nasal/BeringSea/20

SSL2012-032/Placenta/Kodiak

DV-1/NL88/AF525289

PDV/USA2006/HQ007901
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Virus Transmission and Animal Movement
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lce and Animal Movement







Significance of Findings

- Widespread exposure to and infection across the
North Pacific Ocean

- Introduction in 2003, second peak of exposure
and infection in 2009

- Transmission across sympatric marine mammal
species
- Change in Arctic sea ice extent and open water

routes through sea ice suggest opportunities for
introduction of other pathogens
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