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Lessons from the Past

Future Washington Fall 2006 Looking for Lessons from the Past

How have ecosystems changed with 
climate changes in the past?

Ecosystem 1

Ecosystem 2

Time

Climate 1

Climate 2

Do ecosystems vary in a predictable way with climate?

How does the timing of ecosystem changes compare to 
the timing of climate change?

Past vegetation 
communities are 
reconstructed –

HOW?

http://www.ncdc.noaa.gov/paleo/

Using Packrat Middens to Reconstruct Past Ecosystems

Bushy-tailed woodrat (Neotoma cinerea)

midden

http://www.ncdc.noaa.gov/paleo/

Using Packrat Middens to 
Reconstruct Past 

Ecosystems

Vegetation now

Vegetation 18,000 
years ago

http://www.ncdc.noaa.gov/paleo/

Using Packrat Middens to Reconstruct Past Ecosystems
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Using Pollen & Macrofossils to Reconstruct Past Ecosystems

Molles (2004)

Palynology: the study of spores & pollen

Photo: Bowdin University

Photo: University of Northern Ireland

Using Pollen & Macrofossils to Reconstruct Past Ecosystems

Taking the cores

Using Pollen & Macrofossils to Reconstruct Past Ecosystems

Examining the cores

www.pastperfect.info

Using Pollen & Macrofossils to Reconstruct Past Ecosystems

Extracting the pollen

Hebda & Whitlock (1997)

Using Pollen & Macrofossils to Reconstruct Past Ecosystems

Reading the pollen results: a pollen diagram
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Using Pollen & Macrofossils to Reconstruct Past Ecosystems

Looking at ecosystem changes since the last major glaciation

Brubaker (1988)

LGM –
Last Glacial maximum

(~ 20,000 YBP)
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Using Pollen & Macrofossils to Reconstruct Past Ecosystems

Looking at ecosystem changes since the last major glaciation

LGM –
Last Glacial maximum

In Puget Lowlands
(~ 16,000 YBP)

Kruckeberg (1991)

SW WA research sites

Using Pollen & Macrofossils to Reconstruct Past Ecosystems

Ecosystems of SW Washington

Whitlock (1992)

Using Pollen & Macrofossils to Reconstruct Past Ecosystems

Ecosystems of SW Washington

What do we know of the climate here 20,000 YBP?

1.

2.

3.

Using Pollen & Macrofossils to Reconstruct Past Ecosystems

Ecosystems of SW Washington

These ecosystems GENERALLY fit with a picture of a cooler, drier climate
HOWEVER:

Lesson 1: some past communities have no modern day 
analogues: 

Using Pollen & Macrofossils to Reconstruct Past Ecosystems

Regional vegetation at LGM (21,000 YBP)

Whitlock (2003)

Tundra & parkland dominated 
near ice sheet

Conifer forest restricted to south 
(moister & warmer)

LGM = 
Last Glacial Maximum



•4

Using Pollen & Macrofossils to Reconstruct Past Ecosystems

Ecosystems of SW Washington

• Near glacial maximum in Puget Lowlands
• Temperate climate trees in Puget Lowlands indicates 

Warming 

More moisture (shift in jet stream with retreat of larger ice sheet)

•

Using Pollen & Macrofossils to Reconstruct Past Ecosystems

Ecosystems of SW Washington

Extensive forest development of modern forests (3 -4,000 YBP)
Follows shift in jet stream to modern climate

Mountain hemlock heads uphill (warming)

Note:
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Data: Whitlock et al. (2003)

A closer look over the past 20,000 years – some general trends make sense
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Lesson 2:

Brubaker (1988)

Predictable change in vegetation form: Warming in the 20th

Century leads to conversion from tundra to forest in Sweden
Evidence of species responding 

independently in WA

Brubaker (1988)

Jay Bath Pond, Mt 
Rainier Natl Park 

(2,400 ft)

Douglas-fir & Western hemlock occupy similar ranges in modern WA forests

But their response to changes is VERY different here

Another lesson?
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“Modern species may be capable of more 
environmental relationships than can be deduced 
from observing the modern landscape, and 

observations of the modern landscape may be 
inadequate for predicting vegetation response to 
future environmental change” 

– Brubaker (1988)

However, this case may also have to do with FIRE history 
as well as species’ responses to climate change

Lesson 3:
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Responses to climate change 
are not always immediate

Lesson 4: mature ecosystems 
(esp forests) may buffer 

against climate change and 
slow ecosystem response

Seedlings are usually more 
susceptible to environmental 
changes than mature plants

Climate Change

Ecosystem Change

Sediment Cores can tell you about more than vegetation

Sediment cores can reveal fire 
history as well as vegetation

Millspaugh et al.  (2000)

Using Sediment Cores to Reconstruct Past Disturbances

Can climate change alter fires?

Millspaugh et al. (2000)

Westerling et al.  (2006)

Tying climate to fire frequency 

Early 
Snowmelt

Late Snowmelt

1970 -2002 Western US

Early snowmelt years come 
with warmer, drier climate

Early snowmelt corresponds 
to greater fire frequency

Why?

Lesson 5:

Fire has a major role in structuring the ecosystems of WA

This lesson indicates that changes in climate may impart 
changes in frequency & intensity of fire
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Lessons from the Past: a recap

Lessons revisited here – see your notes for the 5 major 
lessons

Hebda & Whitlock (1997)

Lessons from the Past: a bottom line of uncertainty

Hebda & Whitlock (1997)

Lessons from the Past: a bottom line of uncertainty


