ClinaterClhiange EHECiS 1o
RangelandrEcCosy/stems

Nicele DeErappeo

EOresiis Rangeland Ecosystem SC|ence Center
Gervallls,DR S o

; q,ﬂg\ Deparfment of'the Interlor ; -u
1 -« US Gee-loglca_l SuEVey ]

L ThR]
Ly BT 1
. |




TRl
=
v

]

**

1

]

-

o
-
-
.
4
-
-
-
-
-

-
-
.
-
-
.
-
-
.

-

.*
"
.

»x:"»x*
e
e
i
e
.

-
-
-
-
-

-
-

-

-

-

-

-
.
-

.

-
-
-

-

-
-

-

-

-
-

=
-
-

-
.

.
=
-
.
-
-
-

-

.

.

-

-

*

.
.
£

-
-

-
.

e
.

-
.

.
.

-

g

*,.
-

.
.
-
B

\

.

-
-

-
-
-

-
.
-
-
-

-

-
o
.
.
o
-

-
-

|
4

-
-
-
.
-
-

!
g

-
.
-
-
=

”
.
-
.
.
.
e
-
S
=

-
.
.
-
.
-
.
-
-

.

-
.
-
.
-
-

-

-

-
*
.

-

0
-
-
-
o
-
-
-
=
.
e
-
-
-
-
.
-
-
.
-
-

.
.
-
-

.
.

o

-
.
-
.

-
-
-
=
-
-
.
-
.

*
-
.
-
.
.
-
.
-
.

-

*”

-
.
.

i
o
o
-

:
.
-
-
.
v
-
.
-
-

-
.
.
.

.

.*
.
e
|
|
.
.
.
.

-
o
-

.
-
o

.
-
.
-
-
-
-
]
|

-

S

-

-
.

-

=
-
-
o

-

)

i

-
.
B

-

!
-
4

-

.

.

-

.

.

.
-

.

&

-
“
\
.

o

-

.
-
)

-
-
G

-
5
-
_

.
b,
"

>

=

.

|
T

*.
-

-
-

-
.
-

.

.
-

-
=
.

-
-
.
-
.
-
-
.

-
.
.
.
o

-

-
-
-

-
-

-
-
.
-
-
-

-

-
-
-
-
-

-

-

.

-
-
.
.

.

-

-
-
-

-

-
-
-

e
e

-
e
.

e
-
-
-
|

i

-

-

.

i

e
.
-
-
-
.
Z
.
-

-

-
=
-

=

-
-
-
-

-
-
.

-
-
.

.
-
|

-
-
-
.
.

.

e
5
-
.
-
-
-
-
.
.
-
.

=
-
-
.
-

-

-

.
.
.
-
.

s
i
e

-
s

-
.
-
.
-

o

-
-
-

S
o

Y

.
-

-

|
v

.

*

.
.
i

|
.

y

.

-
-
=
-

-

-

-
.

N

.

.
-

-
-

i
-
-
.
-
-
o
.

-
-
-

-

-

-
.

*

-

-
-
.

s
-
.
-
-
.
-
-

-

.
-
-
=
-
-
=
-
-

-
-
-

.
.
.
-
.
.
-
:
.
-

-
-
-
-
-

.
.
-
-
.
.

.

-
.
.

=
.
.
.
.
-
"
e
.
e
.
-
-

-
.
.

-

.
.
.
.
.
e
.
.
o
.
.
-
.
_
.
i

.
-
.

.
.
-
-
.
-

-

-

-
.
-

-
-
-
-
-

.

.
-
-
.
-
-

-
-
-
.
.
-
-
-

-
-

.
-
-
-
-
-
o
-
-
-
-

-
-
.
-
-
.
.
-

.
:
-
.
.
-

-
-

.

-

-
-
-

-

-
-
-

e

.
-
-
.

.
.
-
.
.
-
4
¢
.

-
.

-

-
.
-
-

-
g

-
-

i

-

-
.
i
‘
-

1
-
i
-
-
.

-
-

.

-

.
o
-

.

-
-
-

-

-
-
-

-

i

.

|

-
-
.

e

-
-
-
.

-

-

-

-
i

-
-

-

-

-
-
;o

—

-
e

-

.
.
S
v
.

-
.
-

-

-

e
-
-
.

-

-

.
-
-
.
.

*.

-

-
-
-
.
3

-
-

-

-

-

.
-
-
-
-
-
g
-
| |

-
.
-
-
-

-

.
-
-
-
-

P

i

-
-
=

.
-
.
.
.
I

-
.
-
-
.

.
o

e

.

o

.

i
-
-

-

.

-

-

"

=

-

-
-

-
-
-
-
-
-
-
-
i
-
-
-

-

-
.
.
-

PN
- EN
- g

.
-
-
4
-
|

.
-
-
-
.

.

"

-

.
-

-

.

.
-

-
.
i
i

-
-

.
-
=

.

-

.
-
-

-
-
-
-

-
-
.

-
-
.
-
.
-
-

.
.
.
.
.
.
.
.
.
.
i
.

-
-
-
-
.
-

-

e
-
-
-
o
-
-
.
.
.
.

-

-
-
-

-
-
-

-
-

&

-

-
.

|

-
-
.
-
-
-
-
-

£

:

|
P
£
.
.
|
.
|
|
|
|
i
o

.
-

e

-

-
.

-
-
-

|
-

——

-

-
.

)

¢

.

.

-
-

-
-
-

-

-

.

|
|

e

-
-

-
o
o

| ol

|
y |

y |

-

-

-

-
.

-

.

-
-

.

-

-

—&

|
|

|
|
|
|

-
-
-

]
|
-
.
-

-
-

-

-
-
-

)
|

-

-

|
-

|
-
-

=

-

-

-
]
]

-

-

-

-

-

-

-

-
-

-

-
.
-
-
-
-
-
-

-
S
.
.
.
-
.

-
-

-

.
-

-

-
-
-
-
.
-

-
-

-
-

.
-

-

-
-

-

-
-
-
-
-
-

-

-
-
-
-
-
-
-
-

-
-
-
-
-
-

-
-

-
-
-

-
-
-
-
-

-
-
-

-

-

-

-
=

-

-

-
.
-

-

-

-

-

.
-
.
-

-

-
.

-

-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
.
-
-
-
-

-

.

.
-
-
.
e

o

-

=
-

-
-

o
.

=

-
.
.
.
.
-
.
.
-
.
.
.
.

-

-
.

-

-

-
-

-
-

-
-

-

-

L
-
-

-
g
!
-
-
-
-
-
P
e

:

.
=
;.
.
.

a
!

.

-
.
-

.
-
-

.

i
<
E
v
.
i
|
-
.
)
i

|
-
-
-
°
i
-
. |
i
t

&
-

i
!
-

.

-

-

-
i

-
-
e

-

)
]
-
-
-
-
-

.

5
5
-

)

B
]

-

n
)
-

-

-
-
5
-

g

i

5

o
-

i

,
-
-

.
.

o

i

.

0

.
-

-

-
-
-

-

-

-

_
.

-

.

=

=
o
-

-
.
.

.

-

. .
.
. -
- % .
-
-

.
.

s
-

-
-

-

.

-
.

-
.
-

-

-

-
.

i
-

£
.
i
-
-
-
-
.

.
-
-
-
-
-
-
.
-

-

.
-

-
-
-
-
-

-
"
.

.

.
-
-
-
-
-

.

-

.
.
-
-
-
.
-
-
.
S

.

.
.
.
i
.
e

-

-

-
-

-

-
-
-
-

-
.
.
-
-
-
-
-
-
-
-

-
-
.
-
-
.

-

-
-
-
.

S
.

.
-
-
-

i
-
.
i
i
i

=
-
-
o

-
-
-
-

.
.

i

-
.
-
-
-
-

-

.
-
-
-
-
-

.

-
.
-
.

\
-
.

-
-
-
-
-
-

-

-

i
-
.

-

-

-
.
.
-
-
=

-

-
-

-
%
-
.
.
-
.

,*
-
-
-
.
.
.

.

-

.

.

-

.

-
-

-

-

.

-

-

.

-
-
-
.
-

.

-

.

.
-
-
-
.
.
.
-

-

-
-

-

-
-
v

o
1

-

-
-

-

N
-
-
-
-
-
-

-
oo

-
>

.
-
.
.
-
-

|

-
-
-

-

-

-
-

¢
-
.

-

-
.

.
-
-
-
-

.

.
.
.
-
-
.

-

»
-
-
-
-

=
-
.

-
-
-
-

-

o
o
-

-
-

-

-
>
-
-

o

.

o
4

-

-
.
.
-
-

-
-

.

-

-
-
i

o
-
.
-
-

-

-
-
-

-

-

-

-

.
-
-

-
-

.
-
.
-
.
.
-

.
-

-

-

-

-
-

-

-
-

.
-

o
o
.
5
-

-
-

-

-

-
-
.

.
.
-
-

-

-

-

-
-
-
.
-

.
-

-
o
o
-

-

.

|
=

-

-
.

i
/;
-

-
.
-
-
-
-
-
-
e
-
-

-

e

-

-
-

-

-

-
-
e

-

.

.

-
=

.
.
-

-
-
.

-
-

-
.
-
i

-
-
.
i
.
.
.
-
i
.

-

-
-
-
.
-
.

.

-
-

-

-
-
-

-
.
-
.
.
-
-
:
.
.
-
-
-

-

-

.
-
.
.
.
-

-
.

-
.
-
.
.
-

.
.

-

-

.

-

-

=
-
.

-

-
-

.
-
.
-
-
.
.
-
-
-

-

-

-
-
-

.
=

-

-
.

-

i
s

-

-
-
-
-
.
.
-
-
-
.
-

-

S
.
.

-
-
=
-
-

-
i
-
.
-
-
-

-

-
-
-
-
-
-
-
-
-
-
-

-
.
-
.
.
.

-
-
:
-
-
.
-
.
-
.
.
z
.
.
.
.
.
-
.

P
-
-
.
.

*
-
-
.
-
.
-
-
.
.
.
.

-

-
-
-

-

.

o

-

i

.
.
|

=

-

i
-
-

-
-
.
.
.
<
.
¢
.

-

.
i

.
|

-
L

-
«
)

.
-
r

-
-
.

-
.
.
.

e
o
=
-
-
-

@

-

.
.
-
-

-
=

.
.
-

:
o’
o

.

i
=

.
%
%

-

-

)

B
.
]
-
-
-
-

.
.

&
w

2
ke
B
3

-
-
-
.

-
-
.
-

-

&

2
=
o
-
;.
_
.
-

i
-
.
.
.
.
-
-
.
-
.
-

7
7
.
-

.
|
-

S

-

5
-
B
|
.
-
-
-
-
-

.
.
.

| |
. )

-

-
*

1
-

i
-
‘
.
.
-
-
.

-
o
]
)

o
.

-

-

g
e

i
=
-

-

-
-
-
.

»

|
|
;-

*.
.
&
9
.
.
*

-

-

-
.
-
o
P
.
.
-
-
-

&
-
i
.
.

-

&
L -
-

e

e
-t
-
=
-

[
-
-
.

-

>

-
>
o

s
-
5
o
i
.
-
W
-
.
-
-

-

A

3
-

5

-
-
-
-
-
.
.
.

|

.

g

o f
-
-

.
=z
|
o
.
A
-
-
-
.
|
-
-
|
.
-
.
-
-
.
-
.

-
-

-
-

-
-

-
-

.
!
-
&
.
-
.
-
-
-
.

f

-

-
.
-

-
;.

-
-
-
-
-

-

-
-

-
-
-

-
N
-
.
-
-
.

-
-
-
-
.
.

-
-
.

-
-

-
-

-
-

.
-
_
.
o
-

.

-

o
.
-

-

.
=
.

*
.

o

.
-
-

-
.
-
.
.

-

.
-
-
-

.
.
.
-
-
.
.

-

-

'
- .
.
-
- o
B

=
-
.

.
.
-
.
.
.
.
-
.
it
.
e
.

.

-
-
-
.
-
-
.

-
"
-
-

o
.
S
.
.
.
-

o
-

-
-
-
-
-
-
.
-
.
-
.
-
-

-

-
-
.
.
.
-
.

.
-
-
-
.
-
-

-

-

-
-
-
-
-

-
.
-

-
-
-
-
-
-

-

.

-
-
.
-
-
-
-
-
-
-

.

-

.

-

.
-

.
-

-

-

*
-
.

"

.

.

.
-

-
-
.

.
-
-

-

-

-

e
e
-
-
-
-
.
-
-
-
-
.

.
-
-
-

.
-
.
-
-

-
-
.

-

-

.

.

.
-
-
-
.
-

-
.
-

-

.

-

.
.
.

-
-
-
-

-
-
-
-
-
-
.
-
-
-
-
.
-

“@

*~
-
-
-
-
-

-
.
-

.

.
-

.
-
.
.
-
-
e
-
-

-

.
-

-
-
0

.
-
|

-
-
i

-

-
-
|

-
-
-
.
o

.

-
-

-

-

.
-

-

-

.

-
-

-
-

-
.

.

-

-
-
-
-
-

-
.
5
-
-
-
-

-

-

-

-

-
o
-

-

-

-
|
.
-

-

.

.
)

-
i
=

-

<

i

|
|
.
.
.
-
|
|
.

T
.
E

r

P
.
-

i
g
|
)
|
\

.

<
.
P

-
E
-

.

-
s
.
-
.

5

.
-
_—

e
]
w
&
&
-
&

-
-

.

n
]
4
g

-

-

g
-
v
<

-

51
]
-

-

>
*
-

_ 4

=
| -

-
-
=
-
.
_
%

.

-
|
@
i

-
pa

*.
i
?
|
S
i
.
-
.
e

=
-

-
4
.
.
-
-

|
|

5

-
-

|
=
7
|
=

2
-
-
-
.
i

.

L
-
A

-
.
v
.
.
-
g
i

-

*.

@

¥ aF
&

-
_

-

»
-
-
by

=

-
=
-
=
|

-
-
-
-
-

|
N

.
.
.

-

-

.
-

|

-
.
-
-

-

:{E‘

-

-

i
=
4
-4

.

-

-
.
-
-
-
-
-
-
-
-
-
-

o
e
-
-
-
-
.
.
-

o
-
-
.
-
.
-
-
-
.
.
.
-
-

.
=
-
-
-
.

-

-

-
-
e
-
-

*.
e
-
o R
. f
-
G

=
-

-
-

-

-

-
-
-
-
-
-

-
-
L
i
-

.

-
.

-

.

S
L
oy

.
-
-

i
|
|
i

=
T
o
b
|
i

5

-
-
.

.

-
-

-
-

-
-

.
.
-

-

-

-

.

-

-y

.
.
.

a

.

-
-

-

.

.
.

-



Hydrographic Great Basin

"
Ran g EI a.n d S Of th e | . Great Basin Study Region
Intermountain West e

Fad T




Longlcamc PHOX | _. . Indian Paintbrush




LcoPard |ilg




éaF balsamroot

Aﬂ”réw

|

TR b TR E A &

)




i
r"?l . :

f_

Burrowing Owl




Importance to Stakeholders

Affects all land uses
Decreasing range productivity
Loss of habitat and species

Increasing numbers of at-risk
species

Conflicts with communities
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Climate Change Effects: Fire




Fire (10 to 120 yrs)




Direct Effects Indirect Effects

A N
\

»_I

&{—

Extreme weather events

=USGS




Cheatgrass distribution

Covers 64 million ha
of public lands




Native Site: Eastern Oregon







Exotic plant species effects

Loss of plant species richness
Loss of structural diversity
Altered litter inputs
 Modification of the root zone

« Changes in soil moisture and temp regimes




Effects on soil properties

* Increased solil porosity and aeration
 Faster decomposition rates

 Loss of soil organic matter

« Changes in availability of nutrients

* Increase in soil pH




Effects on soill communities

 Loss of belowground species richness
e Shifts In community dominance

« Changes in food web structure

« Changes in nutrient cycling rates

e Decreased resistance and resilience
=USGS




W dier sellFcommunities matter?

Nutrient acquisition Plant growth
Enzymatic potentials Plant restoration
Food web roles Animal forage

{ Soil erosion

t Soil structure

f Organic matter storage
t Soil moisture

f Soil productivity




Biological Soil Crusts

Cyanobacteria
Bacteria

Fungl

Algae

Mosses
Lichens
Liverworts

=USGS







Ecological Functions of
Biological Soil Crusts

Soil stabilization
Water infiltration
Nutrient additions
Take up space




Lichens

Symbiotic relationship
between fungi and alga
or cyanobacteria

Crustose, Foliose,
Fruiticose, Squamulose

“Lichens are fungi
that have discovered
agriculture.”

- Trevor Goward

=USGS
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Mosses

Bryophytes

Non-vascular

plants

Survive dry steppe

conditions:

begin
photosynthesizing
within minutes of

becoming wet

~
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Soil Bacteria

e Gram+, Gram-
 Actinomycetes

* Nitrogen fixers Tens of millions in a
 Cyanobacteria single handful of soll

Copyright 1995, Frank Dazzo




Protozoa
Nematodes
WIES
Collembola
Insects

=USGS




Climate Change Effects on
Soil Communities?

Direct effects: temperature, moisture, fire

Indirect effects: plant community composition

=USGS
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Soil Microbes:
Temporal community shifts

Date

A November 2003
B May 2004




Soil Microbes:
Change in community structure Cover

A sagebrush
bunchgrass

Yinterspace

® cheatgrass

A

A
saturate
A

\J

+ -
S actino

May 2004

15




Soil Microbes: Loss of total biomass
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Sagebrush Bunchgrass Interspace Cheatgrass







Annual Sites: Soil Fungi

Increase injarbuscular mycorrhizal
fungr, whichslenefits;cheatgrass




Native sites: Soil Nematodes

Fungal feeder, Dfly/cncﬁus




Annual sites: Soil Nematodes

S. Bostrom, Swedish Museum of Natural History




Direct Effects Indirect Effects
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Extreme weather events

=USGS
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Soil Carbon Sequestration

Strategy to mitigate the
effects of climate change

Increases soll organic 22
matter storage (humus) ..~ Not considered an

effective means for -

Usually implies re-building  § 2 (Ee!
past reserves, not adding controlling climate,

new ones -+ but improving soils is

Trade-off: cannot both
store C and use it at the
same time!

=USGS
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