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B Kenal NWR

Bl Chugach NF

B Kenal Fjords NP
Kachemak Bay SP

727 Wikdemness Area

v Alaska is warming at 2X Lower 48
rate

v' Climate warming effects are not
masked by other human-caused
drivers of change

v Kenai Peninsula may be best studied
locale in AK outside of high arctic
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Conserve fish & wildlife populations and
habitats in their natural diversity including
but not limited to....

fish & wildlife = any member of the animal
kingdom including without limitation any
mammal, fish, bird, amphibian, reptile,
mollusk, crustacean, arthropod or other
invertebrate
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http://www.alaskaphotographics.com/photo-96127-09.pl
http://ifw7ken-svr3/KenaiPhotos/Photo.aspx?album=Mammals&photo=Caribou
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CC nsecut|ve warm summers)

Adageirsdottir et al. 1998, Berg et al. 2006, Berg et al. 2009, 5 NAN et ,
Dial et al. 2007, 2016, Klein et al. 2005, Rice 1987, VanLooy et al. 2006 o2 Ay UM o i



)n of white/Lutz spruce
-alamagrostis savannah

Boucher and Mead 2006, Bowser et al. 2017



Mean MFI last 2500 yrs  |ntervals Between Fires
514 yrs White / Lutz Spruce

\\
~ Mean MFI All Data 788 yrs

1000 1500 2000 2500 3000 3500 4000 4500
YEARS BETWEEN FIRES

;";::z" Mean MFI Intervals Between Fires
— 79yrs Black Spruce
0 50

0

100 150 200
YEARS BETWEEN FIRES

Median 45 yrs
Mean Interval Intervals Between Outbreaks

- S2yrs Spruce Bark Beetles

0 100 150 200 250
YEARS BETWEEN OUTBREAKS



http://www.electricskies.com.au/Galleries/WBelt/WBeltP68.htm
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9 encroachment into
Spaghum peatlands

e
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Berg et al. 2009
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arten colonized
i Peninsula ~2002

Baltensperger, Morton & Huettmann 2017

Predicted 2001 Distribution
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Predicted 2010 Distribution _.




~ egg & fry incubation = 13°C
spawning areas = 13°C

migration routes = 15°C

rearing areas = 15°C

and may not exceed 20°C at any time

Ilhll ;

Stream Temperature
Monitoring Network for
ook Inlet Salmon Streams

non-glacial streams experience

Alaska's Water Temperature
Criteria Exceedances
2009

Below 13 degrees Celsius
Exceeds 13 degrees Celsius
Exceeds 15 degrees Celsius

Exceeds 20 degrees Celsius

No Data - data logger lost

Mauger et al. 2017



indow in last

eBird data

rlier arrival records for 33 species
v Later departure records for 38 species
v 27 new species since 2007

Eurasian-collared dove*
Redwing*

Jack snipe*

Skylark*

Long-billed murrelet*
Black-tailed godwit*
Northern mockingbird
Spotted towhee

Turkey vulture

Western kingbird
Western meadowlark
Willow flycatcher
Northern wheatear
Western tanager
Yellow-bellied sapsucker
Warbling vireo

Swamp sparrow
Tennessee warbler
Cape May warbler
Nashville warbler
Wilsons’s phalarope
Great egret

Willet

Red-footed booby
Black guillemot
Heerman’s gull

Lesser black-backed gull



Northward migrations of tree distributions

(A) Number of tree species (1971-2000) (B) Predicted number of tree species (2071-2100)

11111
.........

13-24
B 25-36
B 37 -48
B 49-60
Bl s -2
7354
B 85 -9
B 57 - 108
B 0v-120
B 2

(McKenney et al. 2011)
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Wilson et al. 2015

Tomasik and Cook 2005

Jackson et al. 2008



cy effort to pioneer
of climate change
e and species
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CONNECTING
ALASKA LANDSCAPES
INTO THE FUTURE
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ation and more shrub cover including some small trees
g and intermixed grass and tundra
erate

preal coniferous woodland, of
asslands

- Southem boreal, mixed forest
[:] Sparsely vegetated boreal with elevation influences

A 2009

| Kilometers




ation and more shrub cover including some small trees
g and intermixed grass and tundra
ate

ferous forests and grasses

- Southem boreal, mixed forest
[:] Sparsely vegetated boreal with elevation influences

A 2039

ﬂ " | Kilometers



ation and more shrub cover including some small trees
g and intermixed grass and tundra
erate

erous forests and grasses

[ southem boreal, mixed forest
[:] Sparsely vegetated boreal with elevation influences

A 2069

| Kilometers



ation and more shrub cover including some small trees
e and intermixed grass and tundra »
jesate

erous forests and grasses

bs but no tree cover

[ southem boreal, mixed forest
[:] Sparsely vegetated boreal with elevation influences

A 2099

| Kilometers




ation and more shrub cover including some small trees
g and intermixed grass and tundra

[ southem boreal, mixed forest
[:] Sparsely vegetated boreal with elevation influences

By 2100...
v'only 25% of Alaska remains as
biome refugia

v'eastern Kenai and Prince Williams
Sound remains rainforest
v'western Kenai converts to
grasslands from boreal forest

A 2099

| Kilometers




i Peninsula’s

Al averages for '
e, precipitation (SNAP)

the greatest % cover in

r type for each timestep A\
(2039, 2069, 2099) P >0.5 then stay; ‘
if P <0.5 then landcover type with A .=

~ highest probability g V"'



e~ Baseline || “* ~ 2090 - 2099

B Alpine [ | Herbaceous M Mountain Hemlock 30 15 0 30 km
. I
B Anthropogenic [ Ice B Shrub
B Black Spruce [ Mixed Conifer [l Water <E

| |Deciduous [ | Mixed Forest || White-Sitka Spruce
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Spruce Bark Beetle
Mortality (1989-2010)

" 4 Miles &,

D



Wildfires (1994-2007)

1994 Windy Point
1996 Crooked Creek
2005 Glacier Creek
2005 Fox Creek
2005 Tracy Avenue
2007 Caribou Hills

5 d
s IMiles. y
- . AN TN Tl



40,000-acre contiguous
grassland polygon in 2015

2002 imagery
Forest 55%
Other 40%
Herbaceous 5%

Maoed

Geasslano

Shrut
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Precipitation (cm/yr)

J @ 190068 cm, 2.3°C
600 — Tropical

O 198073 cm, 3.3°C

@ 209084 cm, 6.8° C

Temperature (°C)



The boreal system as we’re taught...

" golden
awk owl cagle
kestrel ‘wolverine |
wolf
northern
// moose
small red ground snowshoe willow Spruce passerine
rodents squirrel squirrel hare ptarmigan rouse birds
insects
fungi
- , bog grey / white balsam
forbs STASHES birch willow | _soapberry | spruce poplar aspen




The trajectory we’re on: > A <
Human-mediated system with an unknown

<] >
outcome...

Spruce bark
beetle

Pheasant
Earthworms


http://www.insectimages.org/images/768x512/0758149.jpg

ic species of flora and fauna (30) occur on
eninsula and are poised to fill novel assemblages

o,




2 questions we need to ask
ourselves....

What’s the risk of doing nothing?

What's the risk of doing something wrong?

-4——Rosa Meehan
10 Feb 2010




ing is really doing something...
just incoherently and haphazardly

dy responding to a warming climate and

al migration is constrained by the isthmus and
w of Kenai Mountains

emblages # simple re-shuffling of native flora and

Many exotic species already introduced and more en route

And we squander our early opportunities to steward outcomes!



DECREASING UNCERTAINTY BUT REDUCED OPPORTUNITY TO STEWARD THE OUTCOME

LODGEPOLE PINE

FOREST

BLACK-TAILED DEER

CURRENT TRAJECTORY

PRESCRIBED FIRE

TIME



resilience theory...

-organizing and self-sustaining



Constraints on moving forward...

There is still some uncertainty about the ecological trajectory
But...scientific uncertainty is NOT the deterrent to adaptation that many think
We need different goals (but who is the authority?)
We need more exploratory manipulative field studies
We need different data, not necessarily more data
We need to challenge existing policy constraints
Personal values of “-ologists” are constraining novel approaches
Decisions are being made by agencies and private citizens...
sometimes without climate change as context,
but always without a comprehensive and coherent strategy
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Do humans have a
moral obligation to
adapt?

Does climate Is climate change being

Unit or Division
change exist? accelerated by humans?

USFS Chugach National Forest

USFWS Kenai National Wildlife Refuge 7.5 Yes Yes Yes
*NPS Kenai Fjords National Park - Yes Yes Yes
*NPS Kenai Fjords National Park - Yes Yes Yes
USFS Chugach National Forest 8 Yes Yes Yes
NPS Kenai Fjords National Park 7.5 Yes Yes -

USFWS Kenai National Wildlife Refuge 9 Yes Yes Yes
Alaska DNR  Alaska State Parks 2.5 Yes Yes Yes
FAlaska DNR Mining, Land, and Water - - - -

CIRI Land and Resources 2 Yes - Yes
KPB Land Management Division 4 Yes - Yes
IKPB Mayor's Office - Yes Yes Yes

KPB The Donald E. Gilman River Center



How should we prepare
for mass extinction, novel
assemblages and non-
analog futures?

By stewarding
ecological trajectories




Change our goals! We n.eed to
minimize species extmctlon.
(a backdoor way of conserving

biodiversity)

C-10 Peninsula Clarion, Sunday, June 1 9, 2011
N s

Humans Causing Fast Changes

Earth in S
As most kids DProbably know,

i Urs came to a sudden end about

65 million Years ago. Did you know

that there have been four other super-
big, or mass, extinctions of life on
Earth?

T The M P © 307+ Cisaay

ixth Major Extinction

The ages of Earth
Each time there is a magg
extinction, a new age begins on Eag-th.

Most scientists believe we are in the i1k v : ¥
middle of a sixth mags extinction, But ' fg;e; mxl]l:on.;s)q yeq:‘s,.newer Dres
this time, the extinction isn’t being ! :gai:. '1?,;,: ;&ke:gﬁ&;n&?::fs
caused by an astergiq or volcanoes, Tts i
Causes can be traced to g,

To find out more about thjg event,
The Mini Page talked with Michael
Brett-Surman from the Smithsonian
National Museum of Natura] History.

What is a mass extinction?

et again.
Let’s explore Earth’s earlier mass
extinctions.

End of the Ordovician
The Ordovician (ur-doh-.Vl;H-shun)

The most famous mass extinttion was at
the end of the Cretaceous Period, when six
out ro| were

of seven of afl dinosaur ups
wiped out, along with half of all jife, There
is evidence that a giant asteroid hit the
then. ! ¢

naturally appear and disappear over | Climate change
: Each time there has been a mass
In a magg extinetion, af Jeast one- | extinction, it was because something
fourth of a] plants angd animals on caused the climate change, Many
thg Planet might he wiped out very

types of life coulg not adapt, or .
change, quickly enough, ang they died.
During the current mass extinction,

quickly, much faster than normal,
uge numbers of Species die, and no

TeW Species appear in that time, humans will pe able to adapt, but our
ientists are seeing this happen Crops and animajg might not. Life ag
now on Earth,

we know it will keep changing.




We need better information on
species ri

TETLIN NWR
229 species

vascular plants
KENAI NWR birds

1107 species

Data SIO NOAATU'S Navy! NGA GEBCO

Sl Google Earth
Data LDEO’Tjé?JTU:SIa%:SF, NOAA Oog e a rt

Image IBCAO
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Building a DNA barcode library of )< PDE (1095 K)
Alaska’s non-marine arthropods Ny ErEE

Derek S Sikes, Matthew Bowser, John M. Mortan, Casey Bickford,
Sarah Meierotto, Kyndall Hildebrandt

Published on the web 21 October 2016.
Received December 01, 2015

Genome, 10.1139/0en-2015-0203

ABSTRACT

Climate change may result in ecological futures with novel species assemblages, trophic
mismatch, and mass extinction. Alaska has a limited taxonomic workforce to address these
changes. We are building a DNA barcode library to facilitate a metabarcoding approach to
manitaring nan-marine arthropods. Working with the Canadian Centre for DNA Barcoding, we
obtained DNA barcodes from recently collected and autharitatively identified specimens in the
University of Alaska Museum Insect Collection and the Kenai Mational Wildlife Refuge collection.
W submitted tissues from 4 776 specimens, of which 81% yielded DNA barcodes representing
1,662 species and 1,788 BINs, of primarily terrestrial, large-bodied arthropods. This represents
84% ofthe species available for DNA barcoding in the UAM Insect Collection. There are now

4 020 Alaskan arthropod species represented by DNA barcodes, after including all records in
BOLD of species that occurin Alaska — i.e. 48 5% ofthe 8 277 Alaskan, nan-marine-arthropod,
named species have associated DNA barcodes. An assessment of the identification power of the
library in its current state yielded fewer species-level identifications than expected, but the results
were not discouraging. We believe we are the first to deliberately begin development of a DNA
barcode library of the entire arthropod fauna for a Morth American state or province. Althaugh far
from complete, this library will become increasingly valuable as more species are added and
costs to obtain DNA sequences fall.

50% of 8,421 terrestrial arthropod

species known from Alaska now
barcoded!




We need a sophisticated perspective on
managing exotic species!

Lodgepole

Pine U Elodea spp

Future Forests ... .




We need a continental perspective
on managing wildlife!

Colville River

\..“”
)
e
e/ ’
QN
:
£

i 21 . Chronic wasting
/ disease
/ Heat stress
Togiak NWR
Meningeal Worm
w‘é
2
(8
' A.a. gigas

W A.a. shirasi
A.a. andersoni
A.a. americana
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Hierarchal Migratory Bird Climate Change

organization Management Adaptation

Canadian Convention
(1916)

Treaty President Woodrow
Wilson, King George V
(federal authority)

Atlantic Flyway
Mississippi Flyway
Central Flyway

Pacific Flyway

Implementing Migratory Bird Treaty
legislation Act (1918)
North American
Tri-lateral plan Waterfowl Management
Plan (1986)
Spatial
Migratory Bird Flyways
framework & y yway

Implementing

Joint Ventures (22
S (22)




Hierarchal

organization

Treaty

Migratory Bird
Management

Canadian Convention
(1916)

President Woodrow
Wilson, King George V
(federal authority)

Climate Change
Adaptation

Implementing
legislation

Migratory Bird Treaty
Act (1918)

)

Tri-lateral plan

North American
Waterfowl Management
Plan (1986)

?

Spatial
framework

Migratory Bird Flyways

Geographic Areas

Implementing
body

Joint Ventures (22)

Landscape
Conservation
Cooperatives (22)

Atlantic Flyway
Mississippi Flyway
Central Flyway

Pacific Flyway




Same problem but two adaptation
approaches

SixMeemmunities in Jeopardy.

Mertarvik
= Evacuation Road
= Unalakleet

* Koyukuk
® Shaktoolik

- > |
* Have already begun relocation plans

retrospective adaptation

prospective adaptation



RELATIVE EFFORT
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Questions????

~ RESPONSE TO CLIMATE CHANGE 7

— PETER

WHAT MOVES HAVE YOU MADE IN . | ' o ‘




