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General Types of Genetic Variation
(Hedrick. 2001. TREE 16:629-636)

Adaptive Variants that have a positive influence on

fithess

Neutral Variants where the effect of selection is less
than that of genetic drift ( s < 1/(2N,)

Detrimental Variants that have a negative influence on
fitness




Adaptive Variation

Examples: color polymorphisms, defensive or immune genes
(MHC), sperm or egg proteins

- Population may be fixed for an adaptive variant from a past
selective sweep

- Population may be polymorphic for adaptive variants
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Winter Run Chinook Salmon

- Only one spawning area in Sacramento River, Califo  rnia

since Shasta Dam closed

- In 1960s, nearly 100,000 spawners/year, but in 19 91,

number of spawners less than 200

- Supplementation and broodstock programs
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Disease Impacts on
Endangered Species

- Exposure to diseases from
more common hosts

- New pathogens

- High frequency of inbreeding

- Reduced genetic variation,
MHC (major histocompatibility
complex)

(Arkush et al. 2002. Canad. J. Fish.
Aquat. Sci . 59:966-975)




Infectious hematopoietic
necrosis virus (IHNV)
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Myxobolus cerebralis,
myxozoan parasite
causes whirling
disease

Listonella (Vibrio)
anguillarum, bacteria




Spawning Matrix

Specific matings were made to
provide progeny that were
Inbred/outbred or that were
segregating for MHC genotypes
(over 3,000 fish were examined)




Pathogen Trials

- Exposures conducted in
flow-through fresh water

- For L. anguillarum and
IHNV, reisolations were
conducted on all mortalities

- For M. cerebralis , all fish
examined histologically
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Survival of MHC heterozygotes - MHC homozygotes
after exposure to IHNV
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Conclusions and Comments

- Significant genetic effects on disease resistance
two of five comparisons

MHC heterozygotes had a higher survival than
heterozygotes when exposed to IHNV  (selection

coefficient, s =0.085)

Outbred fish had a higher resistance than inbred fi sh when
exposed to M. cerebralis (3.2 lethal equivalents)

- Impact may be larger in natural conditions or unde I stress

- Pathogen susceptibility may increase Iif further ge netic
variation is lost




Some Uses of Neutral Variation

- Individuals

- parents (winter run chinook salmon)
|dentification - populations

- evolutionarily significant units (ESUS)

- species (Gila topminnow)

- individual inbreeding level
- effective population size (chinook)
- genetic bottlenecks
Estimation - gene flow
- ancestry
- population structure (jumping mouse)
- relationships between groups




Types of Neutral DNA Markers Used for Identificatio
and Estimation and Some Characteristics

Number of Mutation
variants rate Other characteristics

Microsatellites Many High Highly informative

SNPs Two Low Potentially many independent loci

MtDNA Many High Maternal, haploid,
Nno recombination




Methods of Measuring
Population Structure

- Traditional population genetic approaches, such as genetic distance and Fgq;
assume that groups are known

- Genetic assignment to groups given genetic baseline for different grou pS

- Clustering methods to determine number of groups and individua | ancestry
within groups without a priori characterization of groups (STRUCTURE)




Should the Preble’s meadow jumping mouse be
protected under the Endangered Species Act?

Zapus hudsonius preblei was named as a subspecies in Colorado and
Wyoming and is geographically isolated from other s ubspecies
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Species in Sonoran TopminNOws
(in the USA)

Gila topminnow ( Poeciliopsis occidentalis )
- Once most common fish in the Gila River drainage
- Extirpated from all but 11 remote natural populati ons

- Decline due to habitat loss and introduction of no nnative mosquitofish

Yaqui topminnow ( Poeciliopsis sonoriensis )

- Only in Yaqui River drainage in southeastern Arizon a

- Populations on San Bernadino National Wildlife Ref  uge










W. L. *Minck” Minkley
1935-2001










Genetic Comparison of Gila and Yaqui
Topminnows using Microsatellite Loci

Alleles

143-153
256

149-159
161

163

(8 loci)




Data for three mtDNA genes from
Gila and Yaqui Topminnows

Gene bp Differences  Distance

Cytb 1140 12 0.011

ND2 1047 12 0.012
Control 439 5 0 .012

Total 2626 29 0.011

Estimate of time separated
more than one million years




Effective Population Size of Returning

Winter-Run Chinook Salmon Spawners
(Hedrick, Rashbrook, and Hedgecock, 2000)

There is a gain in the total production of offsprin g, but there

may be a simultaneous reduction in the effective si ze of the
total population that results in excess loss of gen etic
variability.

(Ryman and Laikre, 1991)




The number of progeny released from the different
females and males in the 1991 brood year

Female Releases
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Protocol to Equalize the
Spawner Contributions

- Eggs from each female divided into two lots and

fertilized with gametes from two different males

- Milt from each male divided into two lots and used

to fertilize gametes from two different females




|dentification of Returning Spawners

- Microsatellite genotypes of parental matingsin 19 94

and 1995 known

- Returning spawners assigned to mother and father

by their genotype




The number progeny released and number of
returning spawners from different females in the
1994 brood year and the ratio of the proportions

Female Returns Releases Ratio

3 10 (0.108) 3444 (0.079) 1.35
5 (0.054) 3055 (0.070) 0.77
7 (0.075) 2499 (0.058) 1.29
6 (0.065) 2361 (0.055) 1.20
3 (0.032) 2421 (0.056) 0.57

4 (0.043) 2470 (0.057)

93(1.0) 43,335 (1.0)




Predicted and Observed N, Iin Returning
Spawners for 1994 and 1995

Ne
Year Predicted Observed N N/N
1994 34.8 31.5 26 1.21

1995 24.5 18.0 36 0.50




Detrimental Variation

Examples

Inbreeding depression

Genetic load

Genetic rescue

Disease genes, lethals, detrimentals

Lower fithess of inbred individuals
than non-inbred individuals

Lowered population fithess compared
to a population without detrimentals

Introduction of wild type variants that
allows reduction in genetic load




Florida Panther

(also known as puma, cougar, mountain lion)

- 80 in wild in south Florida

- Low fitness as shown by low sperm count,
high incidence of undescended testicles

- High frequency of kinked tail and cowlick

- Translocation of 8 Texas females to Florida
In 1995 for genetic restoration










Genetic Rescue in Florida Panthers
(Roelke et al., 1993; Land, 2004)

Texas ancestry
No TX ancestry F, BC-TX BC-FL Mean TX

Kinked tall 0.88 : 0.00 0.00 0.20 0.07

Cowlick 0.93 : 0.00 0.00 0.60 0.24

Cryptochordism  0.68 : 0.00 0.00 0.00




Mexican Wolf

(Canis lupus baileyi )

- Extinct in wild, around 300 in captivity

- Descended from three captive lineages with 3, 2, a nd 2 founders
(McBride, Ghost Ranch, and Aragon)

- Reintroduced population in 1998 in Arizona and New Mexico,
now about 50 but declined recently

- Problems include illegal killing, management remov al, rules
limiting wolf movement and introductions, and low fithess
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What can cause Genetic Changes
Captive Populations?

- Small population size

- Inbreeding

- Adaptation to captivity




Small Effective Population Size
and Genetic Variation

Neutral [ s < 1/(2N,)] - in smaller populations, less variation

Detrimental - in smaller populations, the probability of

fixation is increased

Adaptive - in smaller populations, the probability of fixatio

IS decreased




Inbreeding in Captive Populations

- Inbreeding depression, matings between relatives
result in low fithess progeny

- Accumulation of genetic load, fixation of detrimen
variants

tal




Adaptation to Captive Environment

- Captive adaptation (domestication) usually is
detrimental in natural environments

- Changes may involve all fitness traits (viability,
fecundity, or mating) or other traits that indirect \Y,
Influence fitness traits

- Changes may not be genetic (acclimatory or
behavioral) but still have large fithness consequenc es




Some Recommendations to
Avoid Genetic Changes in Captivity

(1) Keep population size large

(2) Breed to minimize mean kinship  (keeps inbreeding low,
equalizes founder contributions, minimizes potentia | captive
selection)

(3) Have replicate populations , cross between before releasing

(4) Bring In new wildcaught individuals  into captive
populations

(5) Keep number of generations in captivity at minimum
(cryopreservation)

(6) Make captive environment like natural environment




