Section 5: Habitats, Communities, Ecosystems

Reading: Ch 3 (coral bleaching, ocean
acidification, polar bear habitat); Ch 5

Learning outcomes

+ understand definitions related to ecosystems

+ explain how climate change affects biomes,
and what the impacts are to ecosystem
processes

+ discuss examples of how climate change
affects tropical, temperate, polar, freshwater,
and marine ecosystems, and what the

consequences of these changes are
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“Ecosystem consequences of wolf
behavioural response to climate”
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Climate defines biomes

www.marietta.edu/~biol/biomes/biome_main.htm
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Uncertainty in projected future shifts of biomes:

LPJ model, two climate change scenarios
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Cascading impacts of changes: Arid ecosystems

LY ol Increase in shrubs
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Cascading impacts of changes: Arid ecosystems

Increases, decreases, and no
change in animal populations
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Evidence for biome shift:
Tree expansion at northern treeline
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Evidence for biome shift:
Tree expansion at northern treeline
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Recent shrub expansion in the Arctic
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Impact of biome shift on ecosystem functioning:
Arctic shrub expansion
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Impact of biome shift on ecosystem functioning:
Arctic shrub expansion
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Impact of biome shift on ecosystem functioning:
Arctic shrub expansion

more soil biological activity
projected in future
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Impact of biome shift on ecosystem functioning
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Tropical ecosystems: cloud forests

Projected changes in clouds Effects of dry periods on
animals in cloud forest
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Temperate forest ecosystems
Shifts in range of ponderosa pine

loss of PIPO

new areas with
T>0deg C

Hannah, 2011
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Climate influences regional fire years
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For roughly the past four centuries, regional fire years were ones of
warm springs that were followed by dry summers (Figure 5).
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Early snowmelt and longer, drier summers =>
more large fires

Change in Average Moisture Deficit Large Forest Wildfires
1987-2003 versus 1970-1986 In Years with Early Spd

— 0

-~ -45 a5 %
percent change scaled by forest area 200,000 ha 100,000 ha

Climate Change Ecology Westerling et al Science 2006, Running, Science 2006
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Climate is a major driver

. . . Canadian GCM
of Canadian wildfires

W

Flannigan et al., 2005
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Wildfire: Projections
based on future
climate change

increase in burned
areafor1eC
increase in
temperature

Littell et al., Ecological Applications, 2009;
National Academies, Climate Stabilization
Targets, 2010
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Projected future wildfire frequency
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Observed tree dieoff from climate change
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Bark beetle outbreaks
are widespread and
extensive in western

North America
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Mountain pine beetle outbreak

Central Colorado

August 2007

QuickBird satellite imagery

100 km/62 miles north-south

Factors influencing mountain pine beetle epidemics

Factors related to trees:
e presence of host tree
species
* stem density
e stand age
¢ drought stress on trees

Safranyik et al. 1975; Shore and Safranyik 1992; Carroll et al. 2004; Logan and Powell 2001
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Whitebark pine: Ecologically important
A keystone and foundation species

Photo James Matil
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Whitebark pine: recommended as threatened/endangered
climate white pine blister rust fire suppression
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1. Climate-beetle relationships
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2. Climate influences on recent outbreak
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2. Climate influences on recent outbreak
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2. Climate influences on recent outbreak
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3. Estimates of future climate suitability

Winter
temperature:
increased
suitability for
outbreaks

Buotte et al,, Ecol. App., 2016
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3. Estimates of future climate suitability

fraction of years
with winter
temperature
suitable for
beetle outbreaks

Buotte et al, Ecol. App., 2016
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For some dieoff types, drought more important

Type 1: EW

drought, no
biotic agents

Type 3: drought
triggers outbreaks

Type 4:
outbreaks
caused by

multiple factors

Type 2: drought,
with beetles
present

Photos: J. A. Hicke: W. R. L. Andereqg: C. D. Allen
Climate Change Ecology Background image: Landsat. Google Earih Prof. J. Hicke

Drought: Texas droughtin 2011

Dr. Ron Billings, Texas Forest Service

Climate Change Ecology a4 Prof. J. Hicke

Drought: Tree mortality in Texas

Climate Change Ecology Photo credits: Dr. Ron Billings, Texas Forest Service Prof. J. Hicke

3/1/17

15



Increase in tree mortality rates in old-growth forests
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Increase in tree mortality rates in old-growth
forests due to warming (stress, biotic causes)
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Drought: Pinyon pine dieoff in Southwest in 2000s

Jemez Mts. near Los Alamos, October 2002 Photo: Craig D. Allen, USGS|
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Drought: Pinyon pine dieoff in Southwest in 2000s

Breshears et al., 2011

Climate Change Ecology 49 Prof. J. Hicke

Drought: Tree dieoff in Southwest

Warming:

* higher evapotranspiration |~

bark beetles
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Drought: Tree dieoff in Southwest

|4 * warnscaton VO
Drought:
Projections of
forest stress
given climate
change in the
Southwest

evaporative 5 |n:
demand by 14
atmosphere |2‘- "

temperature ¥ 7
precipitation

Forest Drought 1.
Stress Index

-
T BT " R 245 #1060 Williams et al., Nature Climate
Change, 2012
Climate Change Ecology 51 Prof. J. Hicke

3/1/17

17



Drought: Tree dieoff in Southwest
Tree die-off effects on ecosystem processes and services
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Warming leads to longer growing
season but reduced plant growth

Shallower snowpack =>

oo [E4]
: i % longer growing season length but
T el et less water availability =>
f i - 1 - less plant growth (dependence
E" b .| onsnow melt water) =>
1 HED . less carbon storage (lower Net

1 Ecosystem Productivity)

=]

Hu et al,, Global Change Biology, 2010
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Reliance of trees on snow melt water,
not summer precip in this area

2005 00 et
from summer
" precip

c
S f
o €
(=2} -
2
3
<
;
A [ A
Date
Pl T Comn primay pomboitiviy KIY) salvied weing SENET e 3000, 2008, sred 0. Gy sven sopwwmst s cvmiviivied CIF
Py P epalassian sy vehor mgpym sl st sh-s- it Spari g v
R AT I TR AT L TRt

Hu et al., Global Change Biology, 2010

Climate Change Ecology 54 Prof. J. Hicke

18



Salmon Impacted Across Full Life-Cycle

Floods
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Trout species respond differently to warming
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Species responses to air temperature, streamflow
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Predictions using future climate projections

) Iy

A4 ¢

D, I

Py Py

< .
Rainbow:

Climate Change Ecology

Overall: 47% decrease by 2080
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Cutthroat trout risk analysis that includes climate change

Factors influencing risk of losing cutthroat trout populations:
Adding climate change
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Cutthroat trout risk analysis that includes climate change
Factor 1: Summer temperature

i s e Risk of higher summer

e T: above 22° or 24°C
proey (depending on
- population) after 3°C

warming

Williams et al., NAJ Fish.
Manag., 2009

Climate Change E¢ 1 |- e o et s s s 408

Prof. J. Hicke

Climate Change Ec. = %

Cutthroat trout risk analysis that includes climate change
Factor 2: Winter flooding

ST Winter precip-
dominated watersheds

Change from snow- to

rain-dominated with
3°C winter warming

Williams et al., NAJ Fish.
Manag., 2009

Prof. J. Hicke
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Cutthroat trout risk analysis that includes climate change
Factor 3: Wildfire impacts

SR et Intermediate
e elevations may be
- 3 2 more susceptible to

"y changes in fire regime
(Westerling et al.,
2006)

- . Williams et al., NAJ Fish.
- Manag., 2009
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Cutthroat trout risk analysis that includes climate change
Composite risk = max of three climate risks
Bonneville subspecies: 73% in high risk
Colorado subspecies: 29% in high risk

More change from flooding, fire than from
summer warming

summer T winter flooding wildfire

Williams et al., NAJ Fish. Manag., 2009
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Cutthroat trout risk analysis that includes climate change
Westslope subspecies: 65% in high risk

More change from flooding, fire than from summer warming
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Coral bleaching

Hannah, 2011
Climate Change Ecology

67 Prof. J. Hicke

Coral bleaching

FIGURE 3.2 1997 — 1998: A Deadly Year for Corals.

The right panel shows corals bleached in the EI Ni fi o event of 1997 — 1998. The left panels show a
single coral head pre- and postbleaching: (a) prebleaching, (b) bleached coral head, (c) partially
recovered coral head, and (d) fully recovered postbleaching. Left Source: Manzello et al., 2007; Right
Source: Courtesy U.S. National Oceanic and Atmospheric Administration.

Hannah, 2011

Climate Change Ecology 8 Prof. J. Hicke

Coral bleaching
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Ocean acidification
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Inc. atm. CO2 leads to inc. H*

Climate Change Ecology http://www.whoi.edu/OCB-OA/page.do?pid=112076 Prof. J. Hicke

Inc. atm. CO2 leads to dec. carbonate ions

CO; + H:0 + COF = 2HCO;

“ » e

carbon water carbonate 2 bicarbonate
dioxide ion lons

consumption of carbonate ions impedes calcification
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Ocean acidification

Recent changes in
atmospheric CO2, CO2 in
seawater, and pH
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Ocean acidification

History and future of OA at the ocean surface
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Arctic sea ice retreat
Extent in fall (minimum)

oceantoday.noaa.goviwelcome.html
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Arctic sea ice retreat

2007: bad year
(2012 worse)

TR0 T e

S bon Coomtolion o ol

globalwarmingart.com

Climate Change Ecology 76 Prof. J. Hicke

Arctic sea ice retreat
Models do not predict retreat as fast as observed (worrying)
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Climate change effects on Antarctic food webs
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