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Why Do We Care About Gene Flow
And Movement of Animals?
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Without Movement and Gene Flow

* Inbreeding of Populations
» Depression of Population Fithess

« Suite of Demographic Problems Arise
(As a consequence of inbreeding or alone; i.e., allee)

* |[ncrease in Extinction Risk
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Greater Prairie Chicken in lllinois

Demographic Data

1933 — 25,000
1962- 2,000
1993 - 50

1960 — 90% Hatching Success Rate
1990 - 74% Hatching Success Rate

Genetic
1960-1990 Genetic Variation Declined 30%

Introduction Effort
Hatching Rate Success Increased for MN x IL & KA X IL 1o 94%

(WWestemeieretal. 1998)
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The alluring simplicity and complex
reality of genetic rescue

David A. Tallmon', Gordon Luikart’ and Robin S. Waples®

‘Laboratoire d’Ecologie Alpine, Génomigue des Populations et Biodiversité, CNRS UMR 5553, Université Joseph Fourier, BP 53,
38041 Grenoble, Cedex 08, France
"National Marine Fisheries Service, Northwast Fisheries Science Center, 2725 Montlake Boulevard East, Seattle, WA 28112, USA
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Gene Flow
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Gene Flow is the incorporation of
genes into the gene pool of one
population from other populations
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Types of Movement

Dispersal - permanent movement away
from site where organism was born

Migration - number of individuals that move
and breed in a population other than
birth site
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Dispersal # Gene Flow

Migration = Gene Flow
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How Much Gene Flow Is Enough?
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The One-Migrant-per-Generation Rule in Conservation
and Management

L. SCOTT MILLS® AND FRED W. ALLENDORF?

“Wildlife Biology Program, School of Forestry, Universiey of Montana, Missoula, MT $9812, U5A.,
cmall smills@selway umtedu
"Divislon of Blological Sclences, University of Montana, Missoula, MT 59812, [1.5.A.

Abstract: [n the face of continuing babilal fragmentation and isolation, the optimal level of commectivily e
Tuwn pepulaticons bas beorwme a central dosue (n consereation Biology. A oomemon rule of thumb bolds theat
e mtgrau!p!rgﬁlmﬂ'ﬂn i a subpofafation ix ngﬂ‘i'dmr B rdriderize the foss r"'mmphh:n arngl bl
erozygosity wilkin subpopidations while allowing for divergence in allele froquencles among subpopulaiions.
The ome-migrant-per-generation ride is bazed on rumerous simplifying asumpiions thal may nod bold i fal
wrad pognalations. We exanuine the concepiual and theoretical basis of the rule and congider botl genetic and
rongemehic factors thar imyluence the desired hevel of cornectivity among subpopulations. We conclude that
are mdgrant per generation & a desivable mintmum, bul i may be inadeguate for many natueal pofla-
tiorns. We suggest that a mitmimum of § and a el of 10 migrants per peneration would be an afrfre-
riie peneral rule of tbumb for genetic purposes, bearing in mind ibaf faciors other than genetics may fur
ther influence e ideal level of compechivity.
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Arimal Corzervaron (2000} 3, 261-266 © 2000 The Zeological Society of Londen Prmied m the United Kingdom

Is one migrant per generation sufficient for the genetic
management of fluctuating populations?

Tohn A. Vucetich! and Thomas A Waite!

"School of Foresary, Michipan Technological Univerity, Houghton, MI 49931, USA

"Deparenent of Evelution, Ecology, and Orgazizmal Biclogy and Deparment of Antwopelogy, Okio State Usiversiry, C
43210, LA

{Received 7 Jeruary 1008 accapred 15 Maveh 20000

Abstract
Small 1solated populations may face an mereasing risk of extinction due to the loss of genetic diver-
sity. This increasing risk, thongh, may be offset by gene flow, provided the population recemes an
adequate pumber of nugrants per generation. We show that as temporal Auciuation in population size
(FPS) increases, so too does the required number of immigrants. This increase in the requisite num-
ber of immagrants anses because the ratio of census size to effective population size decreases with
increasing FPS. Becanse all populations finctuate, our work extends a recent challenge to the widely
adopted one migrant per generation rmle, which refers to the supposedly requusite number of imm-
grants. In a sample of 44 animal populations, ~§0% of the populations fluctuated encugh to require
‘10 immigrants per generation to avoid a substantial loss of genetic diversity, and ~23% fluctuated
epough to require =20 impugrants per geperation. We thus recommend that estunanon of the requi-
site number of immugrants tale mto account fluctuation in population size.
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Brassica campestris
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Brassica campestris

Inbreeding Experiment
Five of six fitness related components were negatively
effected by inbreeding

Experimentally introduced migrant treatments of 0,1,2.5

Results

1 migrant treatment and 2.5 migrant treatment produced
higher fithess components than the 0 migrant

There was no difference between 1 and 2.5 migrant
treatments

(Mewman and Tallmon 2001)
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Are Animals Moving From One Area to
Another?
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Ways to Empirically Evaluate
Wildlife Connectivity

« Radio-telemetry
« Satellite Telemetry

» Genetics / Geneflow
* Others?
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Is this river (landscape featurgﬁ
A barrier to movement / gene.flow?

B
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Collect Non-Invasive Samples
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Quick Genetics Primer

NUCLEUS

DNA

MITOCHONDRIA DNA
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Two Types of DNA

* Mitochondrial DNA (mtDNA)
— 1000’s of copy per cell (20x more)
— Maternally Inherited
— Highly conserved

* Nuclear DNA
— Two copies per cell
— Inherited from both parents

— Highly variable regions (microsatellite
DNA) for distinguishing individuals

Two Types of DNA
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Step 1

Separate DNA from other cellular material

All of the DNA (nuclear and mitochondrial) together
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R

\
+ \Sb
Focus on ~100-800bp

N2 NN

Step 2

Add a primer pair (2 short pieces of DNA ~ 20 bp)
Latch on on either side of an area of interest
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X

\
+ \Sb
Focus on ~100-800bp

Step 3 ﬂ
Polymerase chain reaction pm— PCR
Make many copies —
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Sequence Chromatogram

.é-.l:l:.-’.‘-.TT.r-'l.ATETEAAAATETEAEE.&TEEACG

ol o

aLCAaAaTTaAATC T CA CA AT LCT CALCLCATT CTEULCACLCDG

WW\M\WMMWM
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Does This Suggest Connectivit/y? 5,

A2

Yes if all lynx ar%; ame individual!
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Two Types of DNA

* Mitochondrial DNA (mtDNA)
— 1000’'s of copy per cell (20x more)
— Maternally Inherited
— Highly conserved (good for species ID)

* Nuclear DNA
— Two copies per cell
— Inherited from both parents

— Highly variable regions (microsatellite DNA
for distinguishing individuals)

Two Types of DNA
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Microsatellite DNA

- Highly Variable DNA Region

A stretch of DN A with mono-, di-, tr1- or tetranucleotide
units repeated

Examples:
AAAAAAAAAAAAAAAAA .
GTGTGTGTGTGTGTGTGT.....
CATCATCATCATCATCAT. ...
ACGGACGGACGGACGGA. ...
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DNA

Focus on ~30-300bp

\
N

I

.

PCR

= Il

U

Microsatellite

DNA

Z umoun|

L UMOUY
0l ajdwes

g a|dwes
g a|dweg
J a|dwes
g a|dwes
¢ aidwes
a|dwes
¢ aidwes
Z a|dwes
| a|dwes

|
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TP  — hot an allele

Heterozygote=2 different alleles
Homozygote=2 copies of same allele
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How Many Lynx Detected On tpi‘s Forest?
n=3
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Is reproduction occurring? |
a) Are there femalesf

3
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Gender Determination

« 1 of 3 Different genes typically used (Zf, Amelogenin, SRY)

A. B.
E M M M F
— -
Zf, Amelogenin SRY
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Is reproduction occurring?
a) Are there femalesf
b) Are there related animals?

[
-

B
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Mnnr{:'”

Dad

Offspring

{7
{

Microsatellite DNA

.CACACACACACA....
.CACACACACACA....

CACACACA....
CACACACACA...

CACACACA...
.CACACACACACA....
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Offspring
Mother

Who could be Dad?
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St .3
Relate_c_:l_r]ggs_' ﬁgrst.A B/arrier Also
Suggests Gene Flow!!
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These Relatedness Understandings
Are the Basis for Landscape Genetics
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ﬁ [EETEE oo Eoicgy an Bvoiution Vol 18 Mo 4 Agel 2003 188
LN
s

Landscape genetics: combining
landscape ecology and population
genetics

Stéphanie Manel’, Michael K. Schwartz®, Gordon Luikart' and Pierre Taberlet’

' Labwa rata ire FEcologie Alpine. Equipe Génomigue des Popu lations et Biod iversité, UMA CMRS 6551 BP 63. Universilé Joseph
Fourer, 38041 Grencbis Cedax 8, Framos
THH‘.*-‘! Mo snlgin Research Sation, US Foresl Senvice B0 E. Baclowith, Misssula MT 8801, USA

Step 1: Determine landscape features that may
foster / hinder connectivity (hypotheses)

Step 2: Use genotype information to evaluate
these features
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Statistical Approaches to
Landscape Genetics

|.  When populations easily defined (aquatic weeds in pond)

A.
B.

Fst
Assignment Tests

ll. Landscape Genetics

nmoowr

Mantel Tests / Regression

Spatial Autocorrelation

Bayesian Clustering

Multivariate Analyses and Synthesis Maps
Monmonier's Algorithm /Wombling

GIS Analyses
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>99% All Dens >95% Summer Telemetry
In Spring Snow In Spring Snow

\"kw“"- :

——

- ..lu--'.

Do Wolverine Use Spring Snow For Movement?

Aubry et al. 2007, Copeland et al. 2010, Schwartz et al. 2007, McKelvey et al. In Review.
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Does the Bioclimatic Niche (indicated by
spring show) provide “corridors”
for movement and gene flow?

o

Schwartz et al. 2009
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Genetic Data: (210 samples at 16 micros)
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Isolation By Distance Is Significant
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Image © 2007 DigitalGlobe
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Pairwise
Genetic
Dist.

Pairwise
Genetic
Dist.

¥ ‘,:,‘
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Image © 2007 DlnilnIGInhe"._ .
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Pairwise
Least Cost

Pairwise
Euclidean
Dist (Geo)
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Genetic ' \ Euclid

Dist. : , Dist
ha | (Geo)

Image © 2007 DigitalGlobe, .
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Results (Mantel)

Genetic vs. Geographic Distance — Significant
Genetic vs. Ecological Distance (R5) — Significant

Genetic vs. Ecological Distance (R10)— Significant
Genetic vs. Ecological Distance (R15)— Significant
(

Genetic vs. Ecological Distance (R20)— Significant

Dps (Genetic Distance)

[+ 100 200 300 400 500 EO0 700
Geographic Distance
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Results (Partial Mantel)

Genetic vs. Geographic.Ecological (R5-20) —p = 0.67 NS
Genetic vs. Ecological (R5-20).Geographic —p = 0.001

Landscape (geographic dist) has an independent effect on
genetic distance, when controlling for geographic distance (nuisance)

Spring Snow Model Explains Movement
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Image & 2005 DigtalGlobe

D 2007 Europa Technologies ; L (:t)(}SIC
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From These Empirical Findings VWe Derived Corridors

Schwartz et al. 2009
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P

Our Corridor Map Has Been Requested by Multiple

Agencles

- -\&MGILMIL& Fish , ‘Wildlife (B Pari(s
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‘!}

Historical

CSES Climate Impacts Group \

University of Washington

- !

.

N Y
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CSES Climate Impacts G
University of Washington

LY
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Empirically Based Corridors for Wolverines Now
and Given Climate Change
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Degree of Isolation of Wolverines

2045
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