Chugach Mtns
Near Portage Glacier
Spring 1976




SlimaierChance Consequences

BlilfatE"SELs the stage
UpeITich the evolutlonary
anerecol Lcal JEVAE
enacted
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LRiRKIr JF\OJD Water

Vetemnesialways Bppsal 2d available,
WENdBREAoEn thinkidirectly about what services
rJ /JuJ [ESOUICE provides-
Waterisirare, in northern/polar deserts.

»

ife becomes possible and is sustainable in
otherwise extreme and variable northern
- environments.



Kugluktuk, Nunavut

May 1998




Agricultural
Research
Service

AGEIEraung Climate Change:
ANVElimingRverid and CJr]§ guences for
SUStainaniliy and Sarety of
AVGUERVALEN andEe0d IResources

conference on\Water Innovations for Healthy Arctic Homes
Alichorage; Alaska/iSeptember 2016

~ Eric P. Hoberg

JS Natio garasne Collection

Agricultural Research Service, US Department of Agriculture
and
Smithsonian Institution



ndWBIC |verS|ty

iediates distribution and

'ers]ste'm;e Of r)595 missive environments
CJ]m ate- alternziilne) episodes of
, bation 2l ET siliiAmediate faunal
L assernoly me?gent disease
Climate interacts with evolution, ecology
and biogeography determining the
structure of the biosphere



Climate process drivers

Greenhouse
gases

——

- i

Emissions

Aerosols

Temperature Precipitasion
change change

Climate Change

Sea Laevel Extrame
Rise events

EARTH SYSTEMS

HUMAN SYSTEMS

Governance Health
Lileracy

Socio-Economic EQuity
Development

* Technology Population

Production and Socio-
consumption cultural
Trade patterns praferences

Ecosystems

Impacts and
vulnerability

Food Settiements
security and society

IPCC AR4 Synthesis, 2007




Pallasjarvi, Finland
June 2004
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Phases of Water
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PhRases ol \\Water

s 01t water are central to
r)JLJr nvironments.
»

PRENGIOY/. PRases of Water Determine-

= DrinkingiSolirces, suitability, availability, safety
. Travel pathways (duratlon of ice versus liquid)

Itegrity’of aguatic ecosystems

= Access, avallability, security for food resources

Valerananenas
Vi@ I cikcu
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Glimaer= Vvater 'aIIenges

BECHAOITCONSISIENT swr" S to potable

er ERVALEr/ sanitation infrastructure

neregBiofexposures to contaminated
Silifiace water resources

G reulation of pollutants and pathogens in

traditional' diets drives loss of access to
reliable water-based food resources



Anticipating
Climate Warming

Pallasjarvi, Finland
June 2004
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Antuepatng Climate VWarming

NEignISEnsitivityateraccelerating warming

i Decliriirie) Saley izl reelt] WJ’- , precipitation
nrardyAeRvienment

» Reducedidiration=:snew and ice cover

= Erequencyaspling floods/ storm surges

-§ ceelerated me ,'e‘ aciers/ permafrost

1dance, draining wetlands on

afrost

= Declining lake ab
discontinuoeus p:
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nereasingrlem pera"

= Slieadeningrseasonal windows for

cliictiatonsand exposures to pathogens

= New permissive conditions/ development

= Geograpniciange expansion/ invasion

= Extended persistence of pathogens

= Tipping points & thresholds in transmission
= Shifts in years, not months

= Potential for extinction and extirpation
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gonseguences Clime te Warming

3 Uplgrgeligiziole ety JVJJLL)JJJF\
+ rregilgisiresirtgite anltatlon

SNEONYENEERaUMOSPhErC transport organic
PO UL2IIS

Bioamplification throtigh  food-chains for
r"rur/ and J@” )

ncreasing anthropogenic stressors

ynergistic effects

= Cumulative anc



Speuel/AlEmpereirdisthibutions of
WileiEyanIgiation; nabitat use
sNildliEmtmbersypopulation structure
, r\ma Siuepwildliferresources
Pathogens ara gelgt o?’ BEliation
Reduced reliance on wildlife resources?

= Cascading effects on a subsistence
culture in northern communities?




Dellne, NW Territories/ S. Kutz Photo
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Wobbling Glimate = Complexity

N (GEologicaliscale=orbital dynamics)
Nelacialisiniergliacial |
=Srendsinyegional geography/ffaunal dynamics

= Willenniglfseale (erbital/ solar dynamics)
= Decadalf@seillations/ Ephemeral Events

= Ocean-atmoesphere interactions, volcanism
. ENSO, PDO}NAO (Regime Shifts)
= Shifting balances inipermissive environments

goni, 4



Orbital Wobbles and Climate Forcing P

Ice Ages/ Glacial-Interglacial Cycles- A manifestation of Orbital Wobbling

IPCC AR4 WG1 Chpt 6. (2007)




Quaternary Climate Oscillations, 2.5 MY/ Milankovitch Cycling

Late

Pleistocene Early Pleistocene

Warmer

| | WAL
4 - A l‘ J ll ‘J l ‘ J ‘ ! l "ll I “"l'l’lJ I'l‘. lllA'."“’ ’“ i ' ’
] *r r

N Colder

0 \ 500 1000 1500 2000 2500
Age (kyr)
LGM 18 KYA

*Environmental cooling from late Pliocene

*Filter bridge- Northern intercontinental expansion and exchange
*Glacial-Interglacial episodes define Quaternary history (> 20)
*High amplitude, 100 KY cycles after 1 MYA (sea levels)




Time

=0

4--------

Wobbling Climate Drivers- Cycles Within Cycles/ Ecological Collision

gumulative - Long term
Geological, Millennial, Centennial
Orbital forcing
volutionary Time

Ocean-Atmosphere <m‘-\nthropogenic
El Nino, Pacific Decadal, North Atlantic

Ecological Time/ Regime shifts

Months- Seasonal- Annual- Decadal ’

Arithropogenic Forcing
umulative “Long term”/ Extreme “Short Term”

Seasonal, Annual, Decadal, Centennial

Ecotegical Time/ Regime Shifts

/' N

Tipping Points

broad geographic scales
global, continental, regional
faunal dynamics, assembly
ecological assemblages
range expansion/contraction

4

Shifting Balances

dscape scales

ermissive environments
range expansion/contraction
peripheries of range
ecological assemblages
invasion, emerging disease
feedbacks

Layered, multifactorial, hierarchical, across evolutionary/ ecological time.
Interacting with developmental rates, thresholds, tolerances, resilience.




g Climate Drivers

Ic collision
3 JynamJCJ piffaunal mixing (Mosaics)

= Opporiunity for host switching

- Equivalence of mec
= Spatial=Continental to Landscape
' TA f.cuja olutionary to Ecological time

= Establishes Iﬁstorlcal foundation




| Northern Biosphere

In Transition

Arctic Coastal Plain
Chukotka -
August 1981
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hemes foa Northern Fauna

Dynamic climate variation over time
CrucivIENeigEcological Ferturbation

EPISEEICHCYClIcaliorrecurrent processes
= VVavesiofifaunal expansion / isolation

= |nvasions'on temporal scales linking
evolutionany: tc ecologlcal time
= Spatial sce Iesﬂom landscapes to regions

Faunal mosaics in space and time







AfCentemporar / Framework-

Anthropogenic Climate Drivers:

Y ',ﬂ,
'

4

INOVEIlenviron mer {s/ Invasion

Changing JAOJuo al dghbutlon of
envirements/ Habitats in transition

Rapidienanges in faunal distribution
'Secondary contact zones (recombination)

= Accelerated host switching
= [ntroduction f'novel pathogens

= Development of Geographic Mosaics
= Ephemeral emergence for disease




Human
Dimensions

Inukshuk
Coppermine River
Nunavut




-Tipping Points-
-Thresholds-

Convergence
of

Earth

&

Human History

lobal Scale
1 \“Small & Rapid”

Exploration S

| Sronze Aoe Sevesions. wars) |
) 4

griculture-

lobal Scale
“‘Large & Slow”

Modified from- Institut national d’ études
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Climate/ Temperature Forcing Past 1KY

Year
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Difference (°C) from 1961 - 1990

Northern High Latitude
Temperature Anomalies

Global Mean Temperature
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Cumulative knowledge from a century of biodiversity exploration
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VIRUSeESy Bactenial, Protozoa, Fungi,,j\l"-
40550080 alebal diversity/75% trophic links

7100'SppRmEiazean parasites in vertebrates?
= Validatexaversity through survey and inventory
= Diversiyaeiviral andibacterial pathogens?
Considerablecryptic élﬂarss"'r\ '

Absence of long term baselines
Highly responsive to perturbation




AlClcaEEliasite™Stories-

\EYIECOI0YICAINANVETS, SHdPINg ECOS plamp |

SEgsEragentsywildlire/snumans (/JJ!L)-
FOOUISAEW/NOLUISECUTItY, Sustainability |
Historical ecelegical/ibiogeographic indicators

Indicatersivigerological stability'and change
= Conditiensienidistantilyways/ staging areas
AlteredPhenolegy; Viismatches, Trophic shifts
= Invasions; Faunal’Mixing, Emergence
= ChangingInterfaces and Ecotones




Pathe@ens,& Climate Change

4 Lorief tgrnm/ SugaulziiiveE <l i drelgeisiers
SNRESHONSESHO renasinivanming
"ECaualianaionger : _
= EXtensioniogrewiniseason; tolerance, development & generation
mesamplincat on; emergir g disease
r“,),)lrJJ POINLSHOr changingidynamics of transmission
calitidimaiicealtitudinalrange. “shifts
HOSESWIIChIngZaSympatry, “Ecotone” or Border effects
Subtle efrecisEcha °nJa 0 Iden |fy

Shori-terrrs r,)rlama ol et pplell PIOCESSES
Responses to extreme weather events
= Tempera ¢ r nomalies/ humidity
= Explosive emergence of disease




Quitcemes o Climate VWarming

SN ORI EINIGHCIEXPANSION |
= 'EG syste msincellision/Sfaunal mixing

| dKAOWHNREECOIOgICal J:3= orl
'rL)Jr SWitCHIGRvY parasites at interface newly emerging
SCoLONESH(contact AJrJaJ

|

SHIftINTPERMISSIVE environments
Altered developmental thresholds

= Accelerated/development/ amplification

= Extinctions rele o resilience

B



aler- VWater- Pathogens

NRPEEXpPansioniever time/ potential
ieIIVasion Jf,JfJ,rOCJ tion

= Newapgihogens/ Icthyophonus

' Increasigiabundance of pathogens
now limited by temperature

= Vibrio bacterialdistribution



Glimate - Water - Vibrio

150100 /eerJ SHliting dis |but|on

N NGAIESHEIANOY//bro development
. ]
| nJJJfJ seclIEvel/ temperature

= Ehianeingyerecipitation/ runoff, salinity

= Vibrio habitat increases 60% in Alaska
= Naturallyseccurring pathogen coastal zone
= Gastroenteritus, septecemia



Kugluktuk, Nunavut- April 1994
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HUuman~Climate Ir ersectlon

=plNGrEASInAgIepPUIatioRPrESSUnE

4 rraversiolaisireigirtieit e

SCHENUINEREECCESSHENGN mineral a,si' action)

S EEIMANENINGAURSYSIEMS
EUrepRIcEUORNINVErS/Iakes  exacerbated by
" EAUCEUNIOWS

- = Impacts enavailability’agua
inverteprates)s

>-pased foods (fishes,



Future Of
Accelerating
Perturbation

Jokul Sarlon

Southern Iceland
2004




chidPENSIacce ratlng
Jncree EEEUNCANCE of pathogens
= GlIMELENES difect Influence on
- distriibuteRTe f;;' ogens/ diseases
| Host=Species distributions change
= Switching to'new hosts drives disease
= Aquatic, Marine, & Terrestrial systems






HENGEROIPIEUICTdynamic change
S| ec,]fg PIEIOgIcal parameters
AEedatarior pathogen distribution
V, nlile] parn c) gg}. des

" Co sequences for perturbation of key
vertebrates/invertebrates



Marine () Aquatic

Anisakis Dlphyllobothrlum
Diphyllobothrium Giardia
Trichinella Cryptosporidium
Toxoplasma Toxoplasma
Mercury rcury

PCB’s

Echinococcus
Trichinella
Toxoplasma "
POP’s a_lrb.es,
disease
cological Setting Land

Perturbation/ Ecotones =~ = INLEE ISR LR SIEY Host Demography
Climate/ Temp & Precipitation - Condition/ Susceptibility
xtreme Events . » Immunology
lhigation/ Adaptation

Pathogen Distributiofiig is - 548
Food Security/ Food Safety

Dudley, Hoberg et al. EcoHealth 2015



[GIDIVERSItY. Infern ation?

stermns i collisiag) .
ERVIeRINERISHRNSEPIdNIransition
S NUICAlOISIOINGEEMNoduction) stability?
"IN EW ESSEHIEONS/ ACMEIGENHAISEasE
PermaneERmxesornd ofiffaunal Structure?

BaselinesiiorAssess Stability & Change
Vhatisiin'an environment?

= \What S .ris'c can invade?

. Understanding the players = identification of pathways

= Survey, monitoring & archives
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I2isiooundary Pathways

Faescapes. | fom.-, Webs
Integrating Soecirnens - QOgsEaVElilelgls

ECOSYStEmSEEaunas’= Spe 61353 Populations

OB UEERSIOES-DIsciplinary Synergy
ArGHIVESHOBiodiversity'— Geography - Genetics - Genomics
BASelines; JJrvauﬁ}cs, Iemporal-Spatial Modeling
- Using/Developing'Information Linking TEK to Research Networks
s Physical Processes Biological Outcomes

Tracking/ Antipicating/ Mitigating
Change Over. Space and Time




Cascades

Climate change can modif
people & enviror
EXPOSICNeRathogens through water-borne &
PLEEIEIMEpPatnways will be altered.
PalOUERSIsAEISEasESHn key mammalian, avian
SHfISHRSPIECIES Can influence availability,
ustainability’& suitability of food resources.
Pathogens & emergence of diseases can
disrupt structure for aquatic, terrestrial &
marine ecosystems.
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GlimaEesenange Predictions

Climate change will eliminate
& constraints on developme
for pathoge
-creates ney
Viapstiemaistributions of hosts, pathogens &
diseases will'be redrawn.
Emergence of diseases & unanticipated
‘cascades” can influence terrestrial, aquatic
and marine ecosystems.




Matakiel Is., Sea of Okhotsk, August 1988




