How the weather and fragmentation
might affect the Karner blue butterfly

<USGS Ralph Grundel USGS Porter, Indiana
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(1) Little Wood Satyr
(2) Karner Blue

~{3) Common Wood Nymph
(4) Great Spangled Fritillary

(5) Spicebush Swallowtail
(6) Orange Sulphur

(7) Spring Azure

(8) Monarch

(9) Viceroy

(10) Phyciodes spp.

(11) Cabbage White

(12) Silver Spotted Skipper
(13) Edward's Hairstreak

(14) Eastern Tiger Swallowtail

(15) Eastern Tailed Blue
(16) Clouded Sulphur
(17) Crossline Skipper
(18) Appalachian Brown
19) Mottled Duskywing

(20) American Lady

(21) wild Indigo Duskywing (40) Delaware Skipper

(22) Common Buckeye
(23) Red Admiral

(24) American Copper

(25) Question Mark

(26) Red-Spotted Purple
(27) Olympia Marble

(28) Sleepy Duskywing
(29) Northern Broken Dash
(30) Hobomok Skipper
(31) Southern Cloudywing
(32) Black Swallowtail

(33) Coral Hairstreak

(34) Leonard's Skipper
(35) Mourning Cloak

(36) Little Sulphur

(37) Horace's Duskywing
(38) Dusted Skipper

Species Number

(39) Juvenal's Duskywing

(41) Eastern Comma
(42) Northern Cloudywing
(43) Banded Hairstreak
(44) Peck's Skipper

(45) Roadside Skipper
(46) Tawny-Edged Skipper
(47) Variegated Fritillary
(48) Bronze Copper

(49) European Skipper
(50) Checkered White
(51) Dreamy Duskywing
(52) Fiery Skipper

(53) Giant Swallowtail |
(54) Aphrodite Fritillary
(55) Byssus Skipper

(56) Gray Hairstreak
(57) Northern Pearly-Eye
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Indiana Dunes KBB surveys —
No Kbb seen in most locales in summer 2013

Total Kbb Observed on Six Survey Routes

Q00

800

" 779

700

600 |

500

400

300

200 ¢

100

0

1999 2000 2001 2002 2003 2004 2005 2008 2007 2008 2000 2010 2011 2012

—+—HBrood 1 —=—Brood 2 |

< USGS



THE EGGERATOR - USGS/Notre Dame
Collaboration
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Diapausing KBB eggs:



Warming treatment

2012 First Flight Warming accelerates development
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2012 Second Flight Warming accelerates development
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Additional Broods — Bad?
2011 Treatment Cohort Demography
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*Did not reach pupation

2012 Treatment Cohort Demography

Treatment 1st Flight 2nd Flight 3rd Flight 4th Flight




2012 Adult Weight by Treatment
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PHENOLOGICAL MISMATCH
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Lupine first comes up South x Southwest

ASPECT OF LUPINE EMERGENCE
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Poor second brood survival 2012
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Did 2012, a year with exceptionally warm and
early spring followed by a hot, very dry
summer —> 2013 Extinction???

" Hardly any food available for spring
larvae and then mainly only on south
slopes

" During the second brood only larvae on
north slopes survived to adulthood

" Microclimate — key to survival?
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LOWER LETHAL EXPERIMENTS
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SNOW DEPTH MANIPULATIONS




SNOW DEPTH MANIPULATIONS

Temperature (F)

Range of temperature values under snow
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POPULATION GENETICS

" 646 wing tissue samples

collected in 2010-2011 CDNA library

=" IN, WI, NY, Ml l _
" 72,769,476 reads Genomf el
" 8,000+ markers Gene annotation

!

Microsat marker
development

!

Marker status in the
pop. samples




Genetic effects of fragmentation, barriers to dispersal —
Genomic analysis — Local Genetic Adaptation?

" Sites within Indiana
Dunes are about as
different from each
other as Wisconsin

e 0.03 T ood County Sandill Bufislo Fus from NY

Neighbor-joining tree

e T " Genetic bottlenecks
e due to fragmentation
L ew ——w ... @ndpopulation
bottlenecks (Fire?)
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Temperature differences across Karnerrange -ca. 6 F
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MICROCLIMATE STUDY

Lake Michigan

Wy LS

\:S Yo

——

W o




Autumn 2011 (3 month) Temperature for
ambient (in tube) sensors — 6F afternoon
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Assisted Migration
Local temp range = Rangewide temp range?
Escape “in place”?

Too hot here.



