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Use of Propagation for 
Conservation

• Save species from extinction
• Reintroduce extirpated populations
• Augment extant populations
• Provide individuals for research / education

Modified from IUCN (1987)



Goals of Propagation

Create populations that:
• survive in captivity
• have a high probability of survival in the wild
• retain evolutionary potential



Problem

How do we
maximize “good” variation

increased survival in the wild
maintenance of evolutionary potential

while
minimizing “bad” variation?

loss of variation
adaptation to captivity



Population Genetics Refresher

Gene:  nucleotide sequence coding for a protein

Allele:  one version of a gene
uniparental:  haploid
biparental:  diploid
homozygous vs. heterozygous

Locus:  physical location on a chromosome



Population Genetics Refresher
Mutation:  change in nucleotide sequence

Substitution
AATCCTAA              AATCCAAA

Deletion
AATCCTAA            AATCCAA

Insertion
AATCCTAA              AATCCTCAA

Neutral:  no change in protein



Population Genetics Refresher

Evolution:  change in allele frequency over time

Hardy-Weinberg equilibrium = no change IF
• No mutation
• Infinite population size
• Random mating
• Closed population
• No selection



Modified from Frankham et al. (2010), page 433

Six stages of captive breeding
1. Observe decline, characterize wild population(s)
2. Found captive population(s)
3. Expand captive population(s)
4. Manage captive population(s) over generations
5. Choose individuals for reintroduction
6. Manage reintroduced population(s)



1.  Characterize variation

Total variation within a population is
important

Variation among populations must be
maintained



Common Markers

DNA sequences

– Mitochondrial DNA
haploid, maternal, neutral, 1 locus

– Nuclear DNA
~ haploid, neutral or under selection, ≥ 1 locus

http://www.mtdnatest.com/reagents-kits/mtdnatest-human/



Common Markers

Microsatellites
diploid
neutral
10s of loci

http://genomics.cafs.ac.cn/ssrdb/index.php?do=about



Future Markers

• SNPs (genomics)
diploid, neutral or under selection
1000s of loci



Measures of
within-population variation

• Microsatellites
NA = allelic richness
H = heterozygosity (HO and HE)
Ne = genetically effective population size

• Sequences
Number of haplotypes
k = average number of nucleotide differences



Genetically Effective
Population Size

Target population with census size (Nc) = x
has genetic variation equal to an “ideal”
population of size y.

Constant Nc

50:50 sex ratio
Small, random variation in family size



Measures of
among-population variation

• Microsatellites
FST = (pooled variation – avg. variation)/pooled variation

variation among populations within rivers
variation among rivers within regions
variation among regions

Assignment tests

• Sequences
ΦST = FST analogue, accounting for sequence similarity



Black River
(n = 154 / 6 sites) 

Devils River
(n = 3 / 3 sites) 

Rio Grande
(n = 58 / 5 sites) 

Collection sites





Parsimony Network of COI
Nhaplotype = 34

mtDNA COI
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Microsatellites

Black	River
N:	154
NA:	5.9
HE:	0.506
Ne:	5870

Devils	River
N:	3
NA:	3.45
HE:	0.733

Rio	Grande
N:	58
NA:	15.8
HE:	0.899
Ne:	22,600

Within-population genetic diversity
NA = allelic richness

HE = expected heterozygosity

3%
Among

populations

73%
Within

populations

24%
Among

drainages

Inoue et al. (2015)
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St.	Croix	(SC)

Clinch	(CR)

Gasconade	(GR)

Meramec	(MR)

Ouachita	(OR)



COI	Sequences
N	=	#	of	individuals	with

Lineage	1/Lineage	2	haplotypes

N	=	34/14
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Within-population	genetic	diversity
NA =	Allelic	richness
NE =	Effective	population	size

NA:	12.8
Ne:	4,406

NA:	13.8
Ne:	5,547

NA:	13.9
Ne:	4,375

NA:	8.0
Ne:	1,410

NA:	13.2
Ne:	4,559

Microsatellites

Inoue et al. (2014)
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Popenaias popeii
Rio Grande has much greater within-population

variation than the Black River
Significant among-river variation

Manage as separate units

Cumberlandia monodonta
Ouachita population much lower variation
Low among-population variation except for

Ouachita

Manage as two units, one covering large area



2.  Found captive population(s)

Number of founders determines
within-population variation

Demographic features are important



Size of founding population

Frankham et al. (2010), page 436



Ne = Nc, when
50:50 sex ratio with random mating

Foos (1986)



3.  Expand captive population(s)

Genetic drift = loss of genetic variation

Variance in reproduction must be random



Genetic diversity is lost over time
Rate of loss depends on Ne

Foos (1986)



Ne = Nc when
50:50 sex ratio with random mating

AND

variance in 
reproduction is 
random

Foos (1986)



4.  Manage captive population(s)

Minimize inbreeding

Maintain Ne

Minimize adaptation to captivity



Frankham et al. (2010), page 442

Maximum avoidance 
of inbreeding



Ne = Nc, when
50:50 sex ratio with random mating

AND
variance in reproduction is random

AND
population size is constant

Ne is harmonic mean of N over time
long-term Ne ~ t / Σ(1/N)



Ne and population size
Time Population Size
1 5000
2 100
3 1000
4 3000
5 6000

Ne = 427



Selection

Selection is on heritable traits

Selection is on the phenotype:
genotype + environment

Selection varies with environment
natural vs. artificial selection



Frankham et al. (2010), page 460

SLOSS:  Single large or 
several small populations?



Traits under 
positive selection 
in captivity can 
be deleterious in 
the wild

Frankham et al. (2010), page 457

Genetic deterioration 
in Drosophila



5.  Choose individuals to
reintroduce

Distribute evenly among families / lineages

If augmenting, do not swamp out natives

Maintain geographic boundaries

Destroy / repurpose excess individuals



Ne / Nc

Population Ne Nc Ne / Nc

Black River 5,870 48,006 0.12

Rio Grande 22,600 280,000 0.08

Burlakova & Karatayev (2013)
Inoue et al. (2015) 



6.  Manage reintroduced
population(s)

Protect from abnormal mortality, allow
mortality from “normal” sources

Maintain natural habitat

Maintain geographic integrity

Let evolution happen



Frankham et al. (2010), page 340



Ne is key!
No evolution in culture is the goal:

1. No mutation
2. Infinite population size
3. Random mating
4. No gene flow
5. No selection



• Maximizing Ne will retain 
evolutionary potential

• Reintroduce and let nature take 
its course



Thanks to the following

Curt Elderkin, Kentaro Inoue, Emy Monroe,
Ashley Walters

Brian Lang (in memorium)
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