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Big Topic, Turned to October Headlines
for Focus
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Genetics of Disease?
Avian Malaria? WNV?



Turns out, we don’t need to worry........

m Minnesota Lynx on the brink of title after Maya Moore's
winning shot

WNBA Finals: Foul trouble dooms Lynx as Fever
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Lynx Genetic Considerations

1) Mini review of lynx population genetic studies
2) Review of lynx hybridization studies

3) Needed genomic data



Population Genetics of Lynx

letters to nature

DNA reveals high dispersal
synchronizing the population
dynamics of Canada lynx

Michael K. Schwartz*, L. Scott Mills*, Kevin S. McKelveyT,
Leonard F. Ruggierot & Fred W. Allendorf:




Stenseth et al. (1999) Suggest Climate
Causes Large Scale Cycle Synchrony
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Lynx Isolated

“The conservation of lynx populations is of
greatest concern in the western mountains
of the conterminous United States at the
southern periphery of the species range.
Recruitment is low In this region and many

lynx populations....are geographically
Isolated.”

- Koehler and Aubry 1994



Lynx Connected: Large Scale Spatial Synchrony

We let dispersal between patches be
distance-dependent in an exponential
fashion and fixed the fraction of migrants
leaving each patch each generation.

(p.1622 Ranta,Science)



Proportion of Maximum # Lynx Trapped

Lynx Trapping Data Suggests Dispersal Common
(McKelvey et al. 2000)
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Population Structure and Migration

Fst
- Proportional reduction in heterozygosity

due to population subdivision (0-1).

- High levels of gene flow drives F to O.



F.Results

Global Results (17 Populations):
F. = 0.033 (+/- 0.002).

Pair-wise Results (Extremes):

F [/ Migrants

Fairbanks to Ladue Yukon: 0.001 = High
Kenal P. to Seeley Montana: 0.070 = 3.0






Distance Does Not Lead To Structuring

Genetic Differentiation (Fst)
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		SL		BC		12		430		0.0465		0.0392032393
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		SU		DE		62		552		0.0464		0.016726427

		SU		RB		63		1324		0.0389		0.0133941359

		SU		WA		64		740		0.0465		0.026322163

		SU		WH		65		332		0.0343		0.0886045855

		SU		BC		66		2039		0.0435		0.0475576357

		SU		GK		67		389		0.0389		0.0820203688

		SU		KA		68		1849		0.0311		0.0733866707

		SU		PX		69		213		0.0505		0.0596742019

		SU		CC		70		175		0.0487		0.0632599753

		NF		NT		71		1656		0.0112		0.0274928953

		NF		RS		72		448		0.0160		0.0592440788

		NF		DE		73		160		0.0183		0.0053986406

		NF		RB		74		1789		0.0001		0.0804401175

		NF		WA		75		1227		0.0261		0.0884435477

		NF		WH		76		831		0.0180		0.0837637587

		NF		BC		77		2557		0.0132		0.0422035458

		NF		GK		78		144		0.0215		0.0882233277

		NF		KA		79		2377		0.0124		0.0213804445

		NF		PX		80		325		0.0184		0.0080796782

		NF		CC		81		434		0.0165		0.088908803

		NT		RS		83		1284		0.0088		0.0791277732

		NT		DE		84		1756		0.0240		0.0467502773

		NT		RB		85		422		0.0120		0.019529944

		NT		WA		86		653		0.0254		0.0110441877

		NT		WH		87		973		0.0171		0.0179564918

		NT		BC		88		1289		0.0132		0.0528766999

		NT		GK		89		1540		0.0130		0.0066799632

		NT		KA		90		1297		0.0212		0.0248429932

		NT		PX		91		1441		0.0219		0.0574263215

		NT		CC		92		1453		0.0241		0.0357589784

		RS		DE		93		495		0.0263		0.012163563

		RS		RB		94		1363		0.0147		0.0941211071

		RS		WA		95		788		0.0210		0.0985483296

		RS		WH		96		385		0.0136		0.0249074452

		RS		BC		97		2110		0.0182		0.0743854077

		RS		GK		98		306		0.0182		0.0244735597

		RS		KA		99		1929		0.0364		0.0481273785

		RS		PX		100		159		0.0282		0.0494072004

		RS		CC		101		199		0.0195		0.055348316

		DE		RB		102		1858		0.0063		0.0685868081

		DE		WA		103		1282		0.0289		0.0788966783

		DE		WH		104		877		0.0165		0.0079923611

		DE		BC		105		2592		0.0311		0.0334217559

		DE		GK		106		218		0.0227		0.0370884318

		DE		KA		107		2397		0.0237		0.0144409457

		DE		PX		108		342		0.0172		0.0674669052

		DE		CC		109		412		0.0335		0.0397326572

		RB		WA		110		587		0.0127		0.0151694769

		RB		WH		111		992		0.0117		0.0856877488

		RB		BC		112		899		0.0049		0.0419704325

		RB		GK		113		1656		0.0034		0.019626207

		RB		KA		114		878		0.0027		0.0204929964

		RB		PX		115		1520		0.0192		0.0974151319

		RB		CC		116		1494		0.0167		0.0465180214

		WA		WH		117		408		0.0199		0.045542098

		WA		BC		118		1343		0.0108		0.0172267244

		WA		GK		119		1089		0.0150		0.067910764

		WA		KA		120		1201		0.0221		0.0486821736

		WA		PX		121		941		0.0272		0.0352152149

		WA		CC		122		909		0.0240		0.0603185198

		WH		BC		123		1726		0.0174		0.0306088801

		WH		GK		124		690		0.0045		0.0661560731

		WH		KA		125		1553		0.0170		0.0247513609

		WH		PX		126		534		0.0176		0.0299911969

		WH		CC		127		503		0.0162		0.0430184606

		BC		GK		128		2415		0.0131		0.0152863984

		BC		KA		129		303		0.0204		0.0902242293

		BC		PX		130		2251		0.0274		0.0390948411

		BC		CC		131		2189		0.0213		0.0452716849

		GK		KA		133		2234		0.0172		0.0212408992

		GK		PX		134		184		0.0212		0.0800778215

		GK		CC		135		304		0.0298		0.0427008443

		KA		PX		136		2062		0.0261		0.031220558

		KA		CC		137		1987		0.0135		0.0395937

		PX		CC		138		131		0.0226		0.0374171667
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		pop165		pop165		Pair		Kms		Fst		buff165

		0		0		47		534		0.0083		0

		0		0		48		1179		0.0134		0

		0		0		49		104		0.0058		0

		0		0		50		594		0.0417		0

		0		0		51		1264		0.0114		0

		0		0		52		694		0.0354		0

		0		0		54		2025		0.0296		0

		0		0		55		395		0.0178		0

		0		0		71		1656		0.0112		0

		0		0		72		448		0.0160		0

		0		0		73		160		0.0183		0

		0		0		74		1789		0.0001		0

		0		0		75		1227		0.0261		0

		0		0		77		2557		0.0132		0

		0		0		78		144		0.0215		0

		0		0		83		1284		0.0088		0

		0		0		84		1756		0.0240		0

		0		0		85		422		0.0120		0

		0		0		86		653		0.0254		0

		0		0		88		1289		0.0132		0

		0		0		89		1540		0.0130		0

		0		0		93		495		0.0263		0

		0		0		94		1363		0.0147		0

		0		0		95		788		0.0210		0

		0		0		97		2110		0.0182		0

		0		0		98		306		0.0182		0

		0		0		102		1858		0.0063		0

		0		0		103		1282		0.0289		0

		0		0		105		2592		0.0311		0

		0		0		106		218		0.0227		0

		0		0		110		587		0.0127		0

		0		0		112		899		0.0049		0

		0		0		113		1656		0.0034		0

		0		0		118		1343		0.0108		0

		0		0		119		1089		0.0150		0

		0		0		128		2415		0.0131		0

		1		0		3		2450		0.0521		1

		1		0		5		2981		0.0362		1

		1		0		6		1691		0.0368		1

		1		0		7		2533		0.0468		1

		1		0		8		3011		0.0144		1

		1		0		9		1318		0.0369		1

		1		0		10		1772		0.0524		1

		1		0		12		430		0.0465		1

		1		0		13		2839		0.0367		1

		1		0		18		699		0.0164		1

		1		0		20		353		0.0033		1

		1		0		21		1631		0.0202		1

		1		0		22		655		0.0389		1

		1		0		23		501		0.0278		1

		1		0		24		1842		0.0255		1

		1		0		25		1332		0.0624		1

		1		0		27		2674		0.0366		1

		1		0		28		433		0.0394		1

		1		0		32		643		0.0539		1

		1		0		34		537		0.0439		1

		1		0		35		1795		0.0288		1

		1		0		36		548		0.0478		1

		1		0		37		407		0.0489		1

		1		0		38		1802		0.0371		1

		1		0		39		1217		0.0701		1

		1		0		41		2428		0.0470		1

		1		0		42		485		0.0575		1

		0		1		46		146		0.0429		1

		0		1		53		300		0.0176		1

		0		1		56		1852		0.0217		1

		0		1		57		263		0.0242		1

		0		1		58		291		0.0140		1

		1		0		59		533		0.0462		1

		1		0		60		1279		0.0268		1

		1		0		61		113		0.0414		1

		1		0		62		552		0.0464		1

		1		0		63		1324		0.0389		1

		1		0		64		740		0.0465		1

		1		0		66		2039		0.0435		1

		1		0		67		389		0.0389		1

		0		1		76		831		0.0180		1

		0		1		79		2377		0.0124		1

		0		1		80		325		0.0184		1

		0		1		81		434		0.0165		1

		0		1		87		973		0.0171		1

		0		1		90		1297		0.0212		1

		0		1		91		1441		0.0219		1

		0		1		92		1453		0.0241		1

		0		1		96		385		0.0136		1

		0		1		99		1929		0.0364		1

		0		1		100		159		0.0282		1

		0		1		101		199		0.0195		1

		0		1		104		877		0.0165		1

		0		1		107		2397		0.0237		1

		0		1		108		342		0.0172		1

		0		1		109		412		0.0335		1

		0		1		111		992		0.0117		1

		0		1		114		878		0.0027		1

		0		1		115		1520		0.0192		1

		0		1		116		1494		0.0167		1

		0		1		117		408		0.0199		1

		0		1		120		1201		0.0221		1

		0		1		121		941		0.0272		1

		0		1		122		909		0.0240		1

		1		0		123		1726		0.0174		1

		1		0		124		690		0.0045		1

		0		1		129		303		0.0204		1

		0		1		130		2251		0.0274		1

		0		1		131		2189		0.0213		1

		0		1		133		2234		0.0172		1

		0		1		134		184		0.0212		1

		0		1		135		304		0.0298		1

		1		1		1		3103		0.0144		2

		1		1		2		2831		0.0698		2

		1		1		4		2459		0.0552		2

		1		1		11		2150		0.0296		2

		1		1		14		634		0.0377		2

		1		1		15		2672		0.0282		2

		1		1		16		2605		0.0499		2

		1		1		17		890		0.0515		2

		1		1		19		764		0.0418		2

		1		1		26		985		0.0344		2

		1		1		29		2527		0.0180		2

		1		1		30		598		0.0393		2

		1		1		31		728		0.0353		2

		1		1		33		519		0.0687		2

		1		1		40		827		0.0533		2

		1		1		43		2200		0.0507		2

		1		1		44		423		0.0405		2

		1		1		45		352		0.0503		2

		1		1		65		332		0.0343		2

		1		1		68		1849		0.0311		2

		1		1		69		213		0.0505		2

		1		1		70		175		0.0487		2

		1		1		125		1553		0.0170		2

		1		1		126		534		0.0176		2

		1		1		127		503		0.0162		2

		1		1		136		2062		0.0261		2

		1		1		137		1987		0.0135		2

		1		1		138		131		0.0226		2





gr82

		2449.735		3103.34		889.5332

		2459.486		2830.91		727.7025

		2980.921		2605.381		352.4703

		1690.908		698.6148

		2532.997		763.9046

		3010.941		353.145

		1318.181		1630.899

		1771.669		654.8101

		2150.305		501.4177

		429.937		1842.337

		2838.625		1332.374

		634.4241		984.8026

		2671.995		2673.914

		146.1918		432.8565

		533.7817		2526.813

		1179.45		598.4166

		104.4166		643.4409

		594.1892		519.4498

		1264.32		536.9386

		694.025		1794.506

		299.811		547.7682

		2024.521		407.4311

		394.8633		1801.826

		1852.211		1216.811

		262.5868		826.842

		532.5508		2428.487

		1279.143		484.835

		112.5336		2200.486

		552.4968		422.6185

		1323.708		291.0481

		739.7097		174.6813

		332.2113		433.7869

		2039.32		1453.13

		389.3263		198.8002

		1848.753		411.7965

		212.8615		1494.37

		1656.13		908.6874

		448.2112		503.2483

		159.9214		2189.214

		1789.015		303.5299

		1226.995		1987.403

		831.2561		130.9323

		2556.941

		143.5428

		2376.958

		324.5076

		1283.864

		1756.323

		421.6973

		652.5238

		973.4041

		1288.607

		1540.33

		1297.072

		1441.359

		494.963

		1363.476

		788.1879

		385.1773

		2109.67

		305.6331

		1929.188

		158.6074

		1858.127

		1282.42

		876.5307

		2591.655

		218.4795

		2396.563

		342.4524

		586.6252

		991.6236

		898.5366

		1656.175

		877.7498

		1519.559

		407.8089

		1342.884

		1088.885

		1201.33

		940.9003

		1725.719

		689.9819

		1552.901

		534.2673

		2415.209

		302.8041

		2251.206

		2233.653

		184.4411

		2061.574



Testing IBD
With peripheral
definition as 82kms

core-core

core-periph

periph-periph

Distance

Fst

0.0521

0.0144

0.0515

0.0552

0.0698

0.0353

0.0362

0.0499

0.0503

0.0368

0.0164

0.0468

0.0418

0.0144

0.0033

0.0369

0.0202

0.0524

0.0389

0.0296

0.0278

0.0465

0.0255

0.0367

0.0624

0.0377

0.0344

0.0282

0.0366

0.0429

0.0394

0.0083

0.018

0.0134

0.0393

0.0058

0.0539

0.0417

0.0687

0.0114

0.0439

0.0354

0.0288

0.0176

0.0478

0.0296

0.0489

0.0178

0.0371

0.0217

0.0701

0.0242

0.0533

0.0462

0.047

0.0268

0.0575

0.0414

0.0507

0.0464

0.0405

0.0389

0.014

0.0465

0.0487

0.0343

0.0165

0.0435

0.0241

0.0389

0.0195

0.0311

0.0335

0.0505

0.0167

0.0112

0.024

0.016

0.0162

0.0183

0.0213

0.0001

0.0298

0.0261

0.0135

0.018

0.0226

0.0132

0.0215

0.0124

0.0184

0.0088

0.024

0.012

0.0254

0.0171

0.0132

0.013

0.0212

0.0219

0.0263

0.0147

0.021

0.0136

0.0182

0.0182

0.0364

0.0282

0.0063

0.0289

0.0165

0.0311

0.0227

0.0237

0.0172

0.0127

0.0117

0.0049

0.0034

0.0027

0.0192

0.0199

0.0108

0.015

0.0221

0.0272

0.0174

0.0045

0.017

0.0176

0.0131

0.0204

0.0274

0.0172

0.0212

0.0261



82

		Pop1		Pop2		Pair		Kms		Fst		ccppcp

		0		0		3		2450		0.0521		0

		0		0		4		2459		0.0552		0

		0		0		5		2981		0.0362		0

		0		0		6		1691		0.0368		0

		0		0		7		2533		0.0468		0

		0		0		8		3011		0.0144		0

		0		0		9		1318		0.0369		0

		0		0		10		1772		0.0524		0

		0		0		11		2150		0.0296		0

		0		0		12		430		0.0465		0

		0		0		13		2839		0.0367		0

		0		0		14		634		0.0377		0

		0		0		15		2672		0.0282		0

		0		0		46		146		0.0429		0

		0		0		47		534		0.0083		0

		0		0		48		1179		0.0134		0

		0		0		49		104		0.0058		0

		0		0		50		594		0.0417		0

		0		0		51		1264		0.0114		0

		0		0		52		694		0.0354		0

		0		0		53		300		0.0176		0

		0		0		54		2025		0.0296		0

		0		0		55		395		0.0178		0

		0		0		56		1852		0.0217		0

		0		0		57		263		0.0242		0

		0		0		59		533		0.0462		0

		0		0		60		1279		0.0268		0

		0		0		61		113		0.0414		0

		0		0		62		552		0.0464		0

		0		0		63		1324		0.0389		0

		0		0		64		740		0.0465		0

		0		0		65		332		0.0343		0

		0		0		66		2039		0.0435		0

		0		0		67		389		0.0389		0

		0		0		68		1849		0.0311		0

		0		0		69		213		0.0505		0

		0		0		71		1656		0.0112		0

		0		0		72		448		0.0160		0

		0		0		73		160		0.0183		0

		0		0		74		1789		0.0001		0

		0		0		75		1227		0.0261		0

		0		0		76		831		0.0180		0

		0		0		77		2557		0.0132		0

		0		0		78		144		0.0215		0

		0		0		79		2377		0.0124		0

		0		0		80		325		0.0184		0

		0		0		83		1284		0.0088		0

		0		0		84		1756		0.0240		0

		0		0		85		422		0.0120		0

		0		0		86		653		0.0254		0

		0		0		87		973		0.0171		0

		0		0		88		1289		0.0132		0

		0		0		89		1540		0.0130		0

		0		0		90		1297		0.0212		0

		0		0		91		1441		0.0219		0

		0		0		93		495		0.0263		0

		0		0		94		1363		0.0147		0

		0		0		95		788		0.0210		0

		0		0		96		385		0.0136		0

		0		0		97		2110		0.0182		0

		0		0		98		306		0.0182		0

		0		0		99		1929		0.0364		0

		0		0		100		159		0.0282		0

		0		0		102		1858		0.0063		0

		0		0		103		1282		0.0289		0

		0		0		104		877		0.0165		0

		0		0		105		2592		0.0311		0

		0		0		106		218		0.0227		0

		0		0		107		2397		0.0237		0

		0		0		108		342		0.0172		0

		0		0		110		587		0.0127		0

		0		0		111		992		0.0117		0

		0		0		112		899		0.0049		0

		0		0		113		1656		0.0034		0

		0		0		114		878		0.0027		0

		0		0		115		1520		0.0192		0

		0		0		117		408		0.0199		0

		0		0		118		1343		0.0108		0

		0		0		119		1089		0.0150		0

		0		0		120		1201		0.0221		0

		0		0		121		941		0.0272		0

		0		0		123		1726		0.0174		0

		0		0		124		690		0.0045		0

		0		0		125		1553		0.0170		0

		0		0		126		534		0.0176		0

		0		0		128		2415		0.0131		0

		0		0		129		303		0.0204		0

		0		0		130		2251		0.0274		0

		0		0		133		2234		0.0172		0

		0		0		134		184		0.0212		0

		0		0		136		2062		0.0261		0

		0		1		1		3103		0.0144		1

		0		1		2		2831		0.0698		1

		0		1		16		2605		0.0499		1

		1		0		18		699		0.0164		1

		1		0		19		764		0.0418		1

		1		0		20		353		0.0033		1

		1		0		21		1631		0.0202		1

		1		0		22		655		0.0389		1

		1		0		23		501		0.0278		1

		1		0		24		1842		0.0255		1

		1		0		25		1332		0.0624		1

		1		0		26		985		0.0344		1

		1		0		27		2674		0.0366		1

		1		0		28		433		0.0394		1

		1		0		29		2527		0.0180		1

		1		0		30		598		0.0393		1

		1		0		32		643		0.0539		1

		1		0		33		519		0.0687		1

		1		0		34		537		0.0439		1

		1		0		35		1795		0.0288		1

		1		0		36		548		0.0478		1

		1		0		37		407		0.0489		1

		1		0		38		1802		0.0371		1

		1		0		39		1217		0.0701		1

		1		0		40		827		0.0533		1

		1		0		41		2428		0.0470		1

		1		0		42		485		0.0575		1

		1		0		43		2200		0.0507		1

		1		0		44		423		0.0405		1

		0		1		58		291		0.0140		1

		0		1		70		175		0.0487		1

		0		1		81		434		0.0165		1

		0		1		92		1453		0.0241		1

		0		1		101		199		0.0195		1

		0		1		109		412		0.0335		1

		0		1		116		1494		0.0167		1

		0		1		122		909		0.0240		1

		0		1		127		503		0.0162		1

		0		1		131		2189		0.0213		1

		0		1		135		304		0.0298		1

		0		1		137		1987		0.0135		1

		0		1		138		131		0.0226		1

		1		1		17		890		0.0515		2

		1		1		31		728		0.0353		2

		1		1		45		352		0.0503		2





ch123

		146.1918		2449.735		3103.34

		533.7817		2459.486		2830.91

		1179.45		2980.921		2605.381

		104.4166		1690.908		889.5332

		594.1892		2532.997		727.7025

		1264.32		3010.941		352.4703

		694.025		1318.181

		299.811		1771.669

		2024.521		2150.305

		394.8633		429.937

		1852.211		2838.625

		262.5868		634.4241

		532.5508		2671.995

		1279.143		698.6148

		112.5336		763.9046

		552.4968		353.145

		1323.708		1630.899

		739.7097		654.8101

		332.2113		501.4177

		2039.32		1842.337

		389.3263		1332.374

		1848.753		984.8026

		212.8615		2673.914

		1656.13		432.8565

		448.2112		2526.813

		159.9214		598.4166

		1789.015		643.4409

		1226.995		519.4498

		831.2561		536.9386

		2556.941		1794.506

		143.5428		547.7682

		2376.958		407.4311

		324.5076		1801.826

		1283.864		1216.811

		1756.323		826.842

		421.6973		2428.487

		652.5238		484.835

		973.4041		2200.486

		1288.607		422.6185

		1540.33		291.0481

		1297.072		174.6813

		1441.359		433.7869

		494.963		1453.13

		1363.476		198.8002

		788.1879		411.7965

		385.1773		1494.37

		2109.67		908.6874

		305.6331		503.2483

		1929.188		2189.214

		158.6074		303.5299

		1858.127		1987.403

		1282.42		130.9323

		876.5307

		2591.655

		218.4795

		2396.563

		342.4524

		586.6252

		991.6236

		898.5366

		1656.175

		877.7498

		1519.559

		407.8089

		1342.884

		1088.885

		1201.33

		940.9003

		1725.719

		689.9819

		1552.901

		534.2673

		2415.209

		302.8041

		2251.206

		2233.653

		184.4411

		2061.574



Core-Core

Core-Periph

Periph-Periph

Geographic Distance (Km)

Genetic Distance (Fst)

0.0429

0.0521

0.0144

0.0083

0.0552

0.0698

0.0134

0.0362

0.0499

0.0058

0.0368

0.0515

0.0417

0.0468

0.0353

0.0114

0.0144

0.0503

0.0354

0.0369

0.0176

0.0524

0.0296

0.0296

0.0178

0.0465

0.0217

0.0367

0.0242

0.0377

0.0462

0.0282

0.0268

0.0164

0.0414

0.0418

0.0464

0.0033

0.0389

0.0202

0.0465

0.0389

0.0343

0.0278

0.0435

0.0255

0.0389

0.0624

0.0311

0.0344

0.0505

0.0366

0.0112

0.0394

0.016

0.018

0.0183

0.0393

0.0001

0.0539

0.0261

0.0687

0.018

0.0439

0.0132

0.0288

0.0215

0.0478

0.0124

0.0489

0.0184

0.0371

0.0088

0.0701

0.024

0.0533

0.012

0.047

0.0254

0.0575

0.0171

0.0507

0.0132

0.0405

0.013

0.014

0.0212

0.0487

0.0219

0.0165

0.0263

0.0241

0.0147

0.0195

0.021

0.0335

0.0136

0.0167

0.0182

0.024

0.0182

0.0162

0.0364

0.0213

0.0282

0.0298

0.0063

0.0135

0.0289

0.0226

0.0165

0.0311

0.0227

0.0237

0.0172

0.0127

0.0117

0.0049

0.0034
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0.0274

0.0172

0.0212

0.0261



123

		Pop1		Pop2		Pair		Kms		Fst		123

		0		0		46		146		0.0429		0

		0		0		47		534		0.0083		0

		0		0		48		1179		0.0134		0

		0		0		49		104		0.0058		0

		0		0		50		594		0.0417		0

		0		0		51		1264		0.0114		0

		0		0		52		694		0.0354		0

		0		0		53		300		0.0176		0

		0		0		54		2025		0.0296		0

		0		0		55		395		0.0178		0

		0		0		56		1852		0.0217		0

		0		0		57		263		0.0242		0

		0		0		59		533		0.0462		0

		0		0		60		1279		0.0268		0

		0		0		61		113		0.0414		0

		0		0		62		552		0.0464		0

		0		0		63		1324		0.0389		0

		0		0		64		740		0.0465		0

		0		0		65		332		0.0343		0

		0		0		66		2039		0.0435		0

		0		0		67		389		0.0389		0

		0		0		68		1849		0.0311		0

		0		0		69		213		0.0505		0

		0		0		71		1656		0.0112		0

		0		0		72		448		0.0160		0

		0		0		73		160		0.0183		0

		0		0		74		1789		0.0001		0

		0		0		75		1227		0.0261		0

		0		0		76		831		0.0180		0

		0		0		77		2557		0.0132		0

		0		0		78		144		0.0215		0

		0		0		79		2377		0.0124		0

		0		0		80		325		0.0184		0

		0		0		83		1284		0.0088		0

		0		0		84		1756		0.0240		0

		0		0		85		422		0.0120		0

		0		0		86		653		0.0254		0

		0		0		87		973		0.0171		0

		0		0		88		1289		0.0132		0

		0		0		89		1540		0.0130		0

		0		0		90		1297		0.0212		0

		0		0		91		1441		0.0219		0

		0		0		93		495		0.0263		0

		0		0		94		1363		0.0147		0

		0		0		95		788		0.0210		0

		0		0		96		385		0.0136		0

		0		0		97		2110		0.0182		0

		0		0		98		306		0.0182		0

		0		0		99		1929		0.0364		0

		0		0		100		159		0.0282		0

		0		0		102		1858		0.0063		0

		0		0		103		1282		0.0289		0

		0		0		104		877		0.0165		0

		0		0		105		2592		0.0311		0

		0		0		106		218		0.0227		0

		0		0		107		2397		0.0237		0

		0		0		108		342		0.0172		0

		0		0		110		587		0.0127		0

		0		0		111		992		0.0117		0

		0		0		112		899		0.0049		0

		0		0		113		1656		0.0034		0

		0		0		114		878		0.0027		0

		0		0		115		1520		0.0192		0

		0		0		117		408		0.0199		0

		0		0		118		1343		0.0108		0

		0		0		119		1089		0.0150		0

		0		0		120		1201		0.0221		0

		0		0		121		941		0.0272		0

		0		0		123		1726		0.0174		0

		0		0		124		690		0.0045		0

		0		0		125		1553		0.0170		0

		0		0		126		534		0.0176		0

		0		0		128		2415		0.0131		0

		0		0		129		303		0.0204		0

		0		0		130		2251		0.0274		0

		0		0		133		2234		0.0172		0

		0		0		134		184		0.0212		0

		0		0		136		2062		0.0261		0

		1		0		3		2450		0.0521		1

		1		0		4		2459		0.0552		1

		1		0		5		2981		0.0362		1

		1		0		6		1691		0.0368		1

		1		0		7		2533		0.0468		1

		1		0		8		3011		0.0144		1

		1		0		9		1318		0.0369		1

		1		0		10		1772		0.0524		1

		1		0		11		2150		0.0296		1

		1		0		12		430		0.0465		1

		1		0		13		2839		0.0367		1

		1		0		14		634		0.0377		1

		1		0		15		2672		0.0282		1

		1		0		18		699		0.0164		1

		1		0		19		764		0.0418		1

		1		0		20		353		0.0033		1

		1		0		21		1631		0.0202		1

		1		0		22		655		0.0389		1

		1		0		23		501		0.0278		1

		1		0		24		1842		0.0255		1

		1		0		25		1332		0.0624		1

		1		0		26		985		0.0344		1

		1		0		27		2674		0.0366		1

		1		0		28		433		0.0394		1

		1		0		29		2527		0.0180		1

		1		0		30		598		0.0393		1

		1		0		32		643		0.0539		1

		1		0		33		519		0.0687		1

		1		0		34		537		0.0439		1

		1		0		35		1795		0.0288		1

		1		0		36		548		0.0478		1

		1		0		37		407		0.0489		1

		1		0		38		1802		0.0371		1

		1		0		39		1217		0.0701		1

		1		0		40		827		0.0533		1

		1		0		41		2428		0.0470		1

		1		0		42		485		0.0575		1

		1		0		43		2200		0.0507		1

		1		0		44		423		0.0405		1

		0		1		58		291		0.0140		1

		0		1		70		175		0.0487		1

		0		1		81		434		0.0165		1

		0		1		92		1453		0.0241		1

		0		1		101		199		0.0195		1

		0		1		109		412		0.0335		1

		0		1		116		1494		0.0167		1

		0		1		122		909		0.0240		1

		0		1		127		503		0.0162		1

		0		1		131		2189		0.0213		1

		0		1		135		304		0.0298		1

		0		1		137		1987		0.0135		1

		0		1		138		131		0.0226		1

		1		1		1		3103		0.0144		2

		1		1		2		2831		0.0698		2

		1		1		16		2605		0.0499		2

		1		1		17		890		0.0515		2

		1		1		31		728		0.0353		2

		1		1		45		352		0.0503		2
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High gene flow across range

letters to nature

DNA reveals high dispersal
synchronizing the population
dynamics of Canada lynx

Michael K. Schwartz*, L. Scott Mills*, Kevin S. McKelveyT,
Leonard F. Ruggierot & Fred W. Allendorf:




Our Initial Conclusions

Ample gene flow continent wide
Limited structure possible at the edges (Kenai,Seeley)

Tide Pool Model

One Evolutionary
Significant Unit




Ecological and genetic spatial
structuring in the Canadian lynx

Eli Knispel Rueness’, Nils Chr. Stenseth', Mark 0’Donoghue-,
Stan Boutin’, Hans Ellegren’ & Kjetill S. Jakobsen'

'Centre for Ecological and Evolutionary Synthesis, Department of Biology,
University of Oslo, P.O. Box 1031 Blindern, N-0315 Oslo, Norway

 Rockies as barrier to gene flow in western
Canada and “invisible barrier” south of Hudson

coinciding with ecological Continental and Atlantic
regions.



Very, very low Fst

Table 1 Genetic differentiation between geographical regions

Mitochondnal DMNA

Microsatellites

East Prairie MNorth Northwest BC
East 0.0622** 0.0223* 0.0342" 0.0422*
Prairie 0.0062* 0.0301 —(0.0074 0.0119
MNorth 0.0091~ 0.0017 0.0261 0.0027
MNorthwest 0.0156™" 0.0095*" 0.0027" 0.0073
BC 0.0136™ 0.0097** 0.0172™ 0.0244*

Pair-wise Fsrestimates for microsatellites below diagonal and mtDNA above diagonal. Signifi-
cant values indicated as ™ at the 0.05 level, ™ at 0.01 level and ™" at the 0.001 level.

Reuness et al. 2003
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Rueness et al. 2003




Dispersal promotes high gene flow among Canada lynx
populations across mainland North America

J. R. Row * C. Gomez * E. L. Koen -
J. Bowman - D. L. Murray - P. J. Wilson

17 microsatellites

Large differentiation on Newfoundland vs. Mainland
e Fst—0.19 between NF and Mainland

“subtle gene flow restriction between Ontario and Manitoba”

Bayesian clustering - 2 clusters NF vs others.



Lynx Sample Distribution
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Row et al. 2012



Again, very low Fst

Conserv Genet (2012) 13:1259-1268 1263
Table 2 Pairwise Fgp (lower)* and Rgy (upper) between populations of Canada lynx across North America using data subset A
East Prairie North Northwest BC

East 0.0069 0.0021 0.0004 0.0000
Prairie 0.0071%#* 0.0001 0.0030 0.0100
North 0.00807# 0.0018 0.00113 0.0002
Northwest 0.0069%#* 0.006 1% 0.0035%* 0.0034
BC 0.0077%** 0.0034%#* 0.0008 0.0008

Row et al. 2012



Global Change Biology (2014), doi: 10.1111/gcb.12526

The subtle role of climate change on population genetic
structure in Canada lynx

JEFFREY R. ROW', PAUL J. WILSON?, CELINE GOMEZ', ERIN L. KOEN?, JEFF BOWMAN?,
DANJEL THORNTON' 1 and DENNIS L MURRAY!

» Genetic variability correlated with winter climate gradlent (snow depth
and winter precipitation) — using spca (not with Bayesian clustering)

Stronger relationship than IBD

W-E genetic cline driven by PNO and NAO

Individuals restrict dispersal across climate boundaries in absence
of changes in habitat quality.

Imprinting on snow conditions

<

Climate Conditions: min and max temp, snow depth , precip, diffjmax-min|
Ecological Conditions: open needle-leaved conifer, broad-leaved deciduous,
close needle-leaved conifer, closed broad leaved decid.
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Presentation Notes
Pacific-North America and North Atlantic Oscilation climatic system.


PNA/NAO snow the “invisible barrier’ to gene flow
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Fine-scale genetic structure and dispersal in
Canada lynx (Lynx canadensis) within Alberta,
Canada

Véronique Campbell and Curtis Strobeck

Abstract: Although mammals are typically characterized by male-biased dispersal, field studies of lynx conflict as to
whether dispersal is male-biased or lacks sex-bias. To resolve this issue we dissect fine-scale genetic structure and analyze
dispersal in regard to gender using 19 microsatellite loci, teemed with extensive sampling (n = 272 adults) of Canada lynx
(Lynx canadensis Kerr, 1792) throughout Alberta. The level of genetic variation was high (mean H. = 71.6%), as reported
in previous genetic studies of lynx. No significant barriers to gene flow were detected within Alberta’s lynx population.
Despite several reports of long-distance movements in lynx, we observed a slight significant negative correlation between
pairwise relatedness values and geographic distance (ry = -0.025, P = 0.048), indicating a decrease in relatedness between
individuals as their sampling distance increases. When the same analysis was performed separately on sexes, the slopes of
the individual regressions did not differ significantly between males and females (P = 0.708). Our molecular results sug-
gest a lack of sex-biased dispersal in Canada lynx, similar to reports on other lynx species.
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Isolation of peripheral populations of Canada lynx
(Lynx canadensis)

E.L. Koen, ]. Bowman, and P.J. Wilson

* 14 microsatellites and 558 lynx to test “riverine barrier hypothesis”

e St. Lawrence River is a barrier
* Not absolute — 24 indiv. crossing
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Isolation of peripheral populations of Canada lynx
(Lynx canadensis)

E.L. Koen, J. Bowman, and P.J. Wilson

* 14 microsatellites and 558 lynx to test “riverine barrier hypothesis”

Fig. 3. STRUCTURE plot (Pritchard et al. 2000), based on 10 replicates, representing the proportion of an individual’s genome assigned to one
of three populations. Individual Canada lynx (Lynx canadensis) are grouped based on sample site (QC north, north of the 5t. Lawrence River in
Quebec; QC south, south of the St. Lawrence River in Quebec; NB, New Brunswick; LAB, Labrador; NFLD, Newfoundland) and shading
represents cluster assignment.

" e l.I ..I Ll L o ,-Ir._l oy .l.l_...‘,,_ll I

QC (north) QC (south) NB LAB NFLD
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RMRS Genetic Data (2004-2006 only)

Principal Coordinates (PCoA)
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RMRS Genetic Data (2004-2006 only)

Principal Coordinates (PCoA)
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Lynx Cycles *

35
30
25
20

15

10 \/

MN

5
0 A R P e
a & A & O N N B WM
S FTNESS PP SES
Vv v v v v v v v : v v v v
S &S S &F P
DT AT DT AT A DT AT ADT AT AT DT A
4 T T 1 T T T T 1 T T T 1 T T T T 1 T 11T L L R L N IO‘U
| lynx I
1 , - 80
3 snowshoe hares i

hare spring density per ha
I

1980

1985 1990

1995

2000

2005

- 60

- 40

2010

lynx tracks (no. per 100 km)

YU (Krebs et al. 2011)

Figure 4. Snowshoe hare spring density at Kluane Lake, Yukon, 1977-2010, and an index of lynx numbers from winter snow
tracking, 1988—-2010. Lynx data from winters are plotted over the year ending each winter. Estimates with 95% confidence

limits are given.



RMRS Genetic Data (2004-2006 only, MN 2001)
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Squires 1998-2015 lynx genetic data

® MT Lynx 1998-2015

o .

Purcell . Central
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n total= 320
Purcell = 111
Central = 187
Garnett = 22

10 microsats
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Structure analysis with locations as prior and a million burning and reps provide these bar plots for k=2-4
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Each of these figures can be removed and put on slides separately.
At k=4, Central population starts breaking apart. If looking closer, that break occurs along Highway 83 in the river bottom.
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K=4 all lynx, insert from previous slide with a scale and the compass rose


Genetic Distance

Isolation by Distance
All individual lynx

35
y = 1E-05x+ 13.831
’ " 0 R?*=0.0781
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The following 4 slides are the Isolation by distance slides
This one is all 320 individuals paired to all others. 
Statistically significant but biologically?
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Isolation by Distance
All lynx in 8 sampled populations
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All individuals split within 8 populations – Purcell and Garnet and 6 pops within Central (Whitefish-Salish, E. Glacier, Schaefer, Spotted Bear, Seeley and Lincoln)
Statistically significant. R^2=0.29


Lynx Genetic Considerations

1) Mini review of lynx population genetic studies
2) Review of lynx hybridization studies

3) Needed genomic data



Schwartz et al. 2004
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Number of bobcats trapped
by county (1989 - 2002)
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Bobcat Numbers on the Increase

2009 seasons.

1240

1040 X =326, 5D =243 n=32
200

BK)

Figure 1.2. Reported harvest of bobeats m Minnesota from 1977-1978 through 2008-
a4
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Genetic Monitoring of Lynx in Minnesota

——# Recapture Lynx
——# New Hybrid
——# Recapture Hybrid
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506 THE AMERICAN MIDLAND INATURALIST

Tame 1.—Physical characteristics of five Canada lynx (Lynx canadensis) -
collected from 1986-2003 in Maine and Minnesota, USA and New Brunswick, Canada compared to
published esumates for diagnostic characters of parent species

159%(2)

beat (L. rufus) hybrids

Diagnostic characters®

Ear wft length Tail coloration

Hind feet

Pelage

Bobcats <25 cm long  White hairs on
ventral surface

Canada lynx >2.5 cm long Tip completely

black
1998 Maine 4.0/35 cm A few white hairs
hybrid® interspersed
2002 Maine 38/38cm A few white hairs
hybrid" interspersed
All Hybrids 5 lynx-like 5 intermediate
(n = 5h) in character

Smaller, less fur
males = 17.0 cm,
females = 15.5 cm
Heavily furred in winter,
20.3-25.0 cm long
17.5 cm long

20.0 cm long

5 intermediate in
character

Distinct spots, reddish

Gray, few spots

Reddish brown, few
spots on ventral
surface

Reddish brown, some
spolling present

At least 3 with
bobcat-like spots

* Ear tuft lengths, tail coloration and pelage reported by Anderson and Lovallo (2003). Hind foot
lengths reported for bobcats by Lariviere and Walton (1997) and for lynx by Tumlison (1987)
" Individual measurements provided for those hybrids with most complete morphology

Homyack et al. 2008; placental scars on NB hybrids, kittens on tree.
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Tested 32 individuals in Maine 2 of which were hybrids;
Testing 2 samples from New Brunswick – both are hybrids.


Continental-scale assessment of the hybrid zone between bobcat @Cmsmrk
and Canada lynx

Erin L. Koen *"*, Jeff Bowman”, Jillian L. Lalor, Paul J. Wilson®

“ Biology Department, Trent University, 2140 East Bank Drive, Peterborough, Ontario K9J 7B8, Canada
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Lynx Genetic Considerations

1) Mini review of lynx population genetic studies
2) Review of lynx hybridization studies

3) Needed genomic data



What 1s Genomics?

Genomic data: genetic information
(e.g. DNA sequences) at thousands to
millions of loci across the genome of a
sample of organisms. Often focuses on
mapping of these sequences and
understanding their interactions



#1: Increase Power and Precision
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#2 Separate: Neutral vs. Adaptive Genes

8,188 exons from >5,000
genes targeted; Roffler et al.

(in prep)
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Spatial Distribution of Alleles at Locus Putatively Under Selection
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Can we find genes under selection with lynx?




Leading Edge of the Range — Drift Wins, Unless
Selection Is Very Strong or Ne Large

Effective population size influences whether a local population can
respond to selection = local adaptation

(4Ne*s >> 1)
selection overpowers drift




First Principles of Population Genetics:
Effective Population Size

Effective population size influences whether a local population can

3 (ANe*s >> 1) >
(&=, Selection overpowers drift) ” >
T\ S . \ VAN




Summary Points

Boreal forest is almost no barrier for lynx
Intriguing results about climate in East
Periphery and some features = limited barrier
Tide pool model

When tide is out — substructure develops
Genomics can address climate and periphery
guestions while also looking for genes under
selection




Where do we go from here?

« Sampling (during multiple phases of cycle)

e Genomic studies to increase power

* Look for genes under selection at range margin, with
focus on the NAO




What else should we do?

2)Recognize that adaptive variation may = reduced gv
at leading and trailing edge due to selection or drift.

3) Conserve gradients, and recognize the importance
of peripheral populations (where selection occurs)




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58

