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American Ginseng
Panax quiquefolius

e Araliaceae

Perennial herb
 Flowers: May-July
* Fruits: July-October

* Pollinators:
generalist insects
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Genetic Diversity Studies

DNA sequences
Chloroplast markers

Allozymes
Microsatellites
AFLP and RAPD markers



DNA sequence comparison:
History of Panax sp. dispersal

A.fargesii
A.rmocemosa
A.henryi
A.spinifolia
A.stipulata
A.nudicaulls
P.bipinnatifidus1
P.omelensis
P.wanglanus
P.zingiberensis
P.bipinnatifidus2
P.major
P.sinensis

P.ginseng

P.Japonicus
P.quinquefolius %
P.notoginseng
P.stipuleanatus

Wen and Zimmer, 1996 P.pseudoginseng
P.trifolius




Patterns of Genetic VVariation
IN Plants

* Low genetic variation in small populations
(Barrett and Kohn, 1991, Ellstrand and Elam, 1993)

» Genetic diversity and rarity or commonness
of a plant species are unrelated (stebbins, 1980)

o Genetic diversity In rare southeastern

species Is higher than that in other endemics
(Godt and Hamrick, 2001)
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Population Biology

o Genetic diversity
within and among
populations

* Relationships
among plants
within populations



Management concerns

e Increase In numbers
of harvested wild
roots

* Root size decreasing

 What are the
Impacts of harvest
on genetic diversity?




Genetic diversity within
populations in the Southeast?

21 populations (1317 plants) from Georgia,
North Carolina, West Virginia, and Maryland

— 13 unprotected sites
— 8 protected populations




Methods

 Number of leaves and presence of
flowers and fruits were recorded

e 16 allozyme loci (10 polymorphic)

 Protected populations: 32 — 120 plants
o Unprotected populations: 15 — 104 plants
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Genetic Diversity and Structure

P AP A H, G

e

Species 625 270 126 0.159 0.493

Population 273 223 133 0.072 -

Ggr Proportion of the total diversity among populations = (H--H,)/H+
H, expected genetic diversity = 1 - £p;? (polymorphic loci)




Specles Level Genetic Diversity
Plant Life Form and Breeding System
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Specles Level Genetic Diversity
Plant Life Form and Breeding System

0.27
0.15-
He
[1 Outcross.
0.11 B Mix-mat.
M Selfing
M Ginseng

0.05-

*Annual * Short-lived* Long-lived  Ginseng

Perennial herb
*From Hamrick and Godt, 1997



Genetic Structure
Plant Life Form and Breeding System

[0 Outcross.
B Mix-mat.
M Selfing

Bl Ginseng

Gst

* Annual *Short-lived *Long-lived  Ginseng
Perennial herb

*From Hamrick and Godt, 1997



Genetic Diversity within Species




Genetic Structure

High structure

Total diversity

L_ow structure




Higher Diversity in Protected

Populations
P AP A, H, Ger
Protected 28.0 223 1.13 0.076 ~ 0.167
Unprotected 275 222 1.13 0.070 0.491

p < 0.001



Genetic Diversity and Structure

Comparable diversity to
similar plants

Higher diversity In
protected populations

High structure among
unprotected populations



Why examine fine-scale genetic
diversity within populations?

Mixed mating system
Seeds gravity-dispersed

Genetically subdivided
populations

Locally adapted
genotypes

Family structure



Genetic Structure
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Spatial Genetic Structure

Ripley [ All plants | Juvenile Adult
UP1 om om om none
UP?2 All 4m 2m 2, 10m
UP3 All 2m 2m 10m
UP4 All none 6m (-16m) none
PS 14m |4m none Am
P6 All 2m 2,12 none
P7 A\| 2m 2,8m (-12,14m) |none
P8 All none none none



Significant Fine-Scale Genetic
Structure

Significant spatial clumping

Juvenile plants clustered
around adults

Spatial genetic structure at
2m

Dispersal into microhabitats,
limited seed dispersal



Patterns of Harvest

Experienced harvesters collect all large plants
(Lewis 1984)

Choosy harvesters: fewer, larger plants
Busy harvesters: many, smaller plants

Sustainable harvest 0 — 16% (Charron and Gagnon
1991)

30% harvest every 5 years results In
population decline (Nantel et al. 1996)

Herbivory (McGraw and Furedi, 2005)



ID STATUS N % HARVESTED
NC6 P 43 50
NC7 P 52 10

NC14 P 87 10
NC15 P 106 10
NC17/ P 96 30
Gl U 61 20
G2 U 48 10
G3 U 66 50
G4 U 104 50
NC10 U 27 40
NC12 U 34 40
NC13 U 39 30
NC18 U 64 20
\UVAVARS) U 100 20
MD21 U 94 20




Simulated Random Harvest for
One Generation

Qtial population
1% harvested Estimates
100 of gen_etic
Repetitions , | diversity

Average diversity estimates




Significant Loss in Diversity
with Simulated Harvest

Average within population estimates

N P He Allelic
richness

Initial 15 302 0.0752 222
Random harvest 15 282 0.061¢ 21b

Adult Harvest 15 27 0.072° 21b




Conservation Implications

e Populations in protected areas had higher
genetic diversity

 Random culling reduced genetic diversity
and Increased variation In expected
diversity

e Harvest less than the proportion of mature
plants In population



Conservation Implications

» Harvesting affects the structure of genetic
diversity among populations

* Many different populations must be
protected to maintain the majority of
genetic diversity within the species

 High genetic structure; difficult to predict
diversity in any one population



Future Studies

 Demography and
reproduction within
natural populations

» |mpact of habitat
quality on populations

 Relationships among
plants across the
species range
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