
Plant Migration 
in Times of Climate Change

Stephen T. Jackson
Department of Botany and

Program in Ecology
University of Wyoming



S.T. Jackson & J.T. Overpeck 2000.  Paleobiology (Suppl.).

You are Here.
Pretty soon (2050?) 
weõll be there.

Climate has changed ðwhat did it do?

Climate is changing ðwhat should we do?
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Plant migration is a fact of life on earth.
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GRAY:  Modern geographic distribution of Juniperus osteosperma

GREEN:  Glacial-age (25-14 ka) distribution of J. osteosperma

estimated from occurrence in fossil Neotomamiddens

Plant migration is a fact of life on earth.



How do plant migrations proceed in real time?



Some generalizations from the paleo record:
ÅLong- distance dispersal events happen
ÅMigrations episodic, not smooth
ÅMigrations climate - paced
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Holocene invasion of Juniperusosteospermain Wyoming and Montana

14 Neotomamidden sites (205 middens total)
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Episodic invasion of Juniperus osteospermain Wyoming and Montana

ÅInvasion proceeded by dispersal events spanning 100 to 300 km.

ÅPeriods of rapid advance (dry periods) alternated with periods of quiescence (wet periods).

ÅPopulations, once established, were able to persist for thousands of years under conditions 

unfavorable for further expansion.



S.T. Jackson, J.L. Betancourt, M.E. Lyford, S.T. Gray. 2005. J. Biogeography; S.T. Gray, J.L. Betancourt, S.T. Jackson, R.E. Eddy. 2006. Ecology.

Pinusedulis

Packrat middens

Macrofossils (oldest ca. 800 yr BP)

Pollen %

Tree Rings (age of establishment of oldest trees)

Dutch John Mt.

Establishment of 

pinyon pineôs 

northernmost 

population: 

Dutch John Mt., 

Utah



Betula allegheniensis

(yellow birch)

Post-drought expansion of yellow birch

7 kettle bogs

14 lakes

3 ombrotrophic peatlands
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M.R. Lesser & S.T. Jackson, in prep.

Establishment of Ponderosa pine isolates of the Bighorn Basin



Some further observations:
ÅColonization events often contingency - laden
ÅIt takes time to build a population
ÅColonizing populations often persistent



The underappreciated regeneration nicheé

S.T. Jackson et al . 2009. PNAS.



éand its 
consequences

S.T. Jackson et 
al. 2009. PNAS .



B. Shuman et al. 2009. Ecology.

The Big Woods savanna - to - forest transition:

E.C. Grimm. 1983. New Phytologist .

Hysteresis in the 
Holocene



The Big Woods:  mid - Holocene

High surface -
fuel load

Frequent 
surface fires

Poor tree 
regeneration; 
savanna

Savanna Forest

Mid - Holocene



The Big Woods: late Holocene
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The Big Woods: savanna - to - forest transition
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P.M. Brown . 2006.  Ecology.

Future vegetation and ecosystem realizations will be contingent on 
particular sequences of 
climate - mediated 
disturbance and
recruitment events



ñMustang Fireò, Dutch John, Utah, July 2002.  Photo courtesy of  Sherrill Goodrich, USFS

A key challenge:

Can we òleverage legaciesó
effectively in restoration
and management?

Can we take advantage of regeneration niches, 
climate variability, and disturbances to ensure 
desirable outcomes?



Must plants migrate?
Evidence for resilienceé



Fagus grandifolia haplotypes

J.S. McLachlan, J.S. Clark & P.S. Manos 2005.  Ecology.

Illustration from F.A. Michaux , 
1865, The North American Sylva.



Charles Willson Peale, Exhumation of the Mastodon (1806-1808).

Absence of extinctions?



S.T. Jackson & C. Weng, 1999.  PNAS

Sole candidate for climate-driven extinction: Piceacritchfieldii

P. critchfieldii sites 

(26-16 ka)
Picea critchfieldii

I, J: P. glauca

K, L: P. chihuahuana

M, N: P. breweriana

O, P: P. martinezii

A: Picea glauca.  B: P. rubens.C: P. mariana. D: P. chihuahuana.

E, F, G: Picea critchfieldii.
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Picea pungens

Pinus flexilis

Pseudotsuga menziesii

Juniperus scopulorum

Cercocarpus ledifolius

Juniperus osteosperma

Pinus ponderosa

Pinus edulis

Age (kyr Before Present)

General Holocene pattern: 

regional accumulation of 

species (extirpations scarce)

Dutch John Mt., NE Utah 

Juniperus horizontalis

Ephedra viridis

REGION (10 km radius):

Six invasions, one extirpation



Many plant species appear to have capacity for:

ÅPhenotypic adjustment
ÅHabitat shift within regions
ÅAdaptation in situ



To date, species range expansions >> extirpations

(e.g., Walther et al. 2002 
(Nature), 2005 (J. Veg. Sci.)


