Future Washington

How have ecosystems changed with
climate changes in the past?
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Do ecosystems vary in a predictable way with climate?

How does the timing of ecosystem changes compare to
the timing of climate change?
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Using Packrat Middens to Reconstruct Past Ecosystems !
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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/
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Using Packrat Middens to Reconstruct Past Ecosystems

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




I Using Pollen & Macrofossils to Reconstruct Past Ecosystems l

Palynology: the study of spores & pollen
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Taking the cores

Photo: University of Northern Ireland

Photo: Bowdin University
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Examining the cores
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www.pastperfect.info
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Extracting the poIIen
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Figure 9.2, Common pollen types of the coastal rain forest: (o) Douglas-fir; (b) Sitka
spruce; (€] lodgepole pine; (d) western hemlock; (e) western redeedar; (1) Garry oak; ()
red alder; (i) salal. Parts a, B, ¢, 4, and h magnified about 300 times; pans e, f, and g
magnified about 750 times. (Photo courtesy of R. Hebda)

Hebda & Whitlock (1997)
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Reading the pollen results: a pollen diagram

W. red cedar

Figure 9.7, Sisnphied pollen diagram from Battle Ground Lake. southern Puget lowland, Washington. Source: Barnosky (1985)

From Parkland to Forest — south of the glaciers
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Looking at ecosystem changes since the last major glaciation

LGM -
Last Glacial maximum
(~ 20,000 YBP)

Brubaker (1988)
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changes since the last major glaciation

Looking at ecosystem
g RSV

LGM -
Last Glacial maximum
In Puget Lowlands
(~ 16,000 YBP)

O/ SW WA research sites

Kruckeberg (1991)|
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Ecosystems of SW Washington

EVANS CREEK STADE ca. 20 000 years BP

min. ice cap
+
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steppe

parklond tundra parkiond / tundra

Pacific Paciiic Slope Olympic Mis Puget Trough Goscade Range Columbia Basin
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Whitlock (1992)
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Ecosystems of SW Washington

EVANS CREEK STADE ca. 20 000 yeors BP

mrn. ice cop
*

periglociol
steppe

parklond tundra parkland /tundra

Facific Pacific Slope Olympic Mis PFugel Trough Coscade Range Columbia Basin

Oceon

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

1.
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Ecosystems of SW Washington

EVANS CREEK STADE ca. 20 QOO years BP

min. ice cop
¥

periglaciol
steppe

parklond fundra parkiond / tundra

Pacific Pacific Slope Olympic Mis. Puget Trough Cascade Renge

Columbia Basin
Qceon
A Tsuge heteroshylla A picea dfy avies v wonorboraal
* Tiuga mertensiang * Pseudolsega _1:'_ Pinus
These ecosystems GENERALLY fit with a picture of a cooler, drier climate

HOWEVER:

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

EVANS CREEK STADE ca. 20 000 yeors BP

mrn. ice cop
*

periglociol
steppe

parklond tundra parkland /tundra

Olympic Mis PFugel Trough Coscade Range Columbia Basin

Focific Pacific Slope
Ocean

£ Tsuge hetersshylla ;F Picea |IEI| Abies ¥ Nonarboreal
4 Tauga mertensiana * Pseudolsuga _% Pinus

| Using Pollen & Macrofossils to Reconstruct Past Ecosystems l
Regional vegetation at LGM (21,000 YBP)

LGM =

Last Glacial Maximum

Tundra & parkland dominated
near ice sheet

G

B Puvial lakes

Whitlock (2003)
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Ecosystems of SW Washington
a

VASHON STADE cao 14 000 years BP

50 km

mAn: (28000 parkland

parkland / penglociol steppe

parkland /

open farest

open forest

A Tsuge hetersshylla $ Picea I:EIII Abivs ¥ Nonarboreal
‘n Tsuga mertensianag * Fseudolsuga $- Pinus
* 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)

A closer look over the past 20,000 years — some general trends make sense l

K . =
Yr | Climate | SWWA Puget
BP (470") Trough

Modern Western Western
hemlock hemlock
Gary oak, Douglas-fir,
Douglas-fir western
woodland hemlock
Temperate- Western
montane

hemlock, Sitka

forest spruce, Grand

12 fir, Douglas-fir
ngler. Sufbalpitne Western
14 ner ores! hemlock, Sitka
spruce
16 Colder,
——1 much Alpine tundra
18 drier
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«009 Ecosystems of SW Washington

TODAY

3000

2000

forest

1000

wesT EAST

. ' N Abie VN b |

A Tsuga heteroshylla Picea il Abies onarboran
A Tiuga mertenszicne * Pseudolsuga _%- Pinus

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

Data: Whitlock et al. (2003

Predictable change in vegetation form: Warming in the 20t
Century leads to conversion from tundra to forest in Sweden
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Figure 3.14. Comparison of 1915 and 1975 tree-line elevations of throe species in the Handolan
Valley, Sweden (after Kullman 1683),

1915

Brubaker (1988)

Note:
K
Yr |Climate | SWWA Puget Lesson 2:
BP (470") Trough
2
Modern Western Western
a hemlock hemlock

Gary oak, Douglas-fir,
Douglas-fir western
woodland hemlock

Temperate- Westemn
montane | pemock, Sitka

forest spruce, Grand
fir, Douglas-fir
Cooler, Subalpine W@
14 | drier forest | hemlock, Sitka
spruce
16 Colder,
1 much Alpine tundra
18 drier

Data: Whitlock et al. (2003)

Evidence of species responding

independently in WA
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NEEDLE PERCENTAGES
Douglas-fir & Western hemlock occupy similar ranges in modern WA forests
But their response to changes is VERY different here

Another lesson?
Brubaker (1988)




Lesson 3:

“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

KYr Puget Olympic Responses to climate change
ER ilough i MEeninsula are not always immediate

Western
Western
hemlock forest eliocs i
4 Sitka Spruce Seedlings are usually more
susceptible to environmental
) changes than mature plants
Douglas-fir, Douglas-fir,
western western
hemlock hemlock
¢ Ecosystem Change
Western Lodgepole

hemlock, Sitka pine, sitka i
Spruce, Grand spruce, 4— Climate Change
12 fir, Douglas-fir Douglas-fir

Western Western Lesson 4: mature ecosystems
14 hemlock, Sitka hemlock,
Spruce, pine | Sitka Spruce (esp forests) may buffer
16 S against climate change and
Alpine tundra
18 oSt slow ecosystem response
Data: Whitlock et al. (2003)

Sediment Cores can tell you about more than vegetation l :

reear Sediment cores can reveal fire
history as well as vegetation

Millspaugh et al. (2000)

Using Sediment Cores to Reconstruct Past Disturbances ﬁ

Can climate change alter fires?
Age (cal yr BP)
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Millspaugh et al. (2000)

Tying climate to fire frequency | = .
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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




ﬁ Lessons from the Past: a recap

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

Lessons from the Past: a bottom line of uncertainty l-

The perspective of a few decades or centuries has produced a false impres-|
sion of ecosystem stability. Ecosystems come and go with passing millennia
and sometimes even more quickly. Evolution and factors affecting biogeo-
graphic distributions alter the nature of the biotic pool available to a future
ccosystemn. Furthermore, the living components of an ecosystem respond indi-
vidually as a region’s physical circumstances, mainly its climate, change. Even
if the same species reassemble into an ecosystem superficially similar to the
original one, the new ecosystem cannot be exactly the same. The component
species, especially plants, have evolved during the course of their history. Eco-
systems do not migrate as coherent units: individual species do so by changing
their ranges. Paleoecological studies clearly demonstrate that ecosystems have
a finite existence in a place during an interval of time.

Hebda & Whitlock (1997)
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Lessons from the Past: a bottom line of uncertainty L_,

Ecosystems and Time

“Ecosystem” is a familiar concept encompassing the living and physical com-
ponents of a landscape at whatever spatial scale is of interest. An element of
distinctness is implied. The ecosystem has features that distinguish it from ad-
Jjacent ecosystems, implying boundaries in space.

Ecologists also recognize the dimension of time as part of the concept. The
idea of a "climax” ecosystem, for example, implies that the biotic and physical
components have interacted over an interval of time and assembled a web of life
and land that has stability. This stable configuration can be disrupted hy fire,
windstorms, and disease, but eventually the climatic climax returns after a
process called succession. These concepts imply that a coherent ecosystem, of
which the coastal temperate rain forest climax is an example, will somehow
reassembile itself no matter what the disruption. After all, this is what ecologists
have observed, more or less, in the century or so they have studied ecosystems.

Hebda & Whitlock (1997)




