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Background

Begun in 1994 by FHM but transferred to FIA in 2001.
Lichens are systematically sampled on the FIA P3 grid.
Applied for monitoring biodiversity, air quality, climate.
New use: applied in critical loads research (air quality)

Cladonia sp. from SE Alaska Ramalina sp. from SW Florida



Number of lichen plots

Will-Wolf et al, 2007 FHM annual report, in
press



Why lichens?

* Unigque physiology makes lichens highly sensitive
to pollutants and changes in climate
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Why lichens?

Degradation of lichens has
direct impact on forest
health.

Ecosystem services:

--many roles in forest food web
--nesting material/camouflage
--nutrient cycling (e.g. nitrogen fixation)
--regulating hydrologic flux

Pseudocyphellaria crocata fixes
nitrogen



Food web links: Lichens are critical
winter forage

N. flying squirrel (Glaucomys sabrinus)

Black tailed deer (Odocoileus hemionus)



Lichens are critical winter forage for:

Ungulates

Black-tailed deer (Odocoileus hemionus)
Caribou (Rangifer tarandus)

Dall's sheep (Ovis dalli)

Elk (Cervus elaphus)

Mountain goat (Oreamnos americanus)
North American moose (Alces alces)
Pronghorn antelope (Antilocapra americana)
White-tailed deer (Odocoileus virginianus)

Rodents

California red-backed vole (Clethrionomys californicus)
Deer mouse (Peromyscus maniculatus)

Hoary bat (Marmota caligata)

Northern flying squirrel (Glaucomys sabrinus)

Red squirrel (Tamiasciurus hudsonicus)

Snowshoe hare (Lepus americanus)

Southern red-backed vole (Clethrionomys gapperi)



Humminghird nest on grand fir
(Ables grandis), with the lichen
& Parmelia sulcata attached as

Nesting material:

camouflage

Allen's hummingbird (Selasphorus sasin)
American redstart (Setophaga ruticilla)

Anna's hummingbird (Calytpe anna)
Blackburnian warbler (Dendroica fusca)
Black-chinned hummingbird (Archilochus alexandri)
Black-eared bushtit (Psaltriparus melanotis)
Blackpoll warbler (Dendroica striata)

Black-tailed gnatcatcher (Polioptila melanura)
Black-whiskered vireo (Vireo altiloquus)
Blue-gray gnatcatcher (Polioptila caerulea)
Boreal chickadee (Parus hudsonicus)
Broad-billed hummingbird (Cynanthus latirostris)
Broad-tailed hummingbird (Selasphorus platycercus)
Buff-bellied hummingbird (Amazilia yucatanensis)
Cerulean warbler (Dendroica cerulea)

Common bushtit (Psaltriparus minimus)

Common merganser (Mergus merganser)

Coue's flycatcher (Contopus pertinax)

Eastern wood pewee (Contopus virens)
Golden-crowned kinglet (Regulus satrapa)
Gray-cheeked thrush (Hylocichla minima)

Hermit warbler (Dendroica occidentalis)

Olive warbler (Peucedramus taeniatus)
Olive-sided flycatcher (Nuttallornis borealis)
Parula warbler (Parula americana)

Philadelphia vireo (Vireo philadelphicus)
Red-bellied hawk (Buteo lineatus elegans)
Red-shouldered hawk (Buteo lineatus)

Rivoli's hummingbird (Eugenes fulgens)

Ruby-throated hummingbird (Archilochus colubris)
Rufous hummingbird (Selasphorus rufus)
Rusty blackbird (Euphagus carolinus)

Silky flycatcher (Phainopepla nitens)

Solitary vireo (Vireo solitarius)

Swainson's hawk (Buteo swainsoni)
Swainson's thrush (Hylocichla ustulata)
Townsend's warbler (Dendroica townsendi)
Varied thrush (Ixoreus naevius)

Vermilion flycatcher (Pyrocephalus rubinus)
White-eared hummingbird (Hylocharis leucotis)
White-eyed vireo (Vireo griseus)

White-winged crossbill (Loxia leucoptera)
Wrentit (Chamaea fasciata)

Yellow-throated vireo (Vireo flavifrons)
Yellow-throated warbler (Dendroica dominica)



Data are timed surveys of tree-

dwelling lichen species

Lichens sampled in shaded area




Biodiversity: Oregon
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Biodiversity

Ecoregion Analysis Groups
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Air Quality & Climate

 Require a model that Is region-specific and
tuned to local pollutants and climate

 Models pull out patterns in species
composition

e Each plot gets both an air quality and a
climate score based on Its species
composition



Air Quality
e Sensitivity varies by pollutant and lichen species

e Thus, different pollutants can be monitored (nitrogen
pollutants, sulfur dioxide, acidic deposition)

* Lichens are the first to respond (as quickly as 6 months
after pollution begins)




Air Quality : Central CA
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Air Quality: Sierra Nevada, CA
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Air Quality: Western PNW
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Recent stories in The Oregonian...

e Caustic rain and fog lash the Columbia Gorge in
winter, research finds (Tuesday, April 05, 2005 )

* Trove of rock art wasting away --
Clues link up the agents that are involved in a
chain reaction contributing

to the ruin of petroglyphs in Hells Canyon (sunday,
June 05, 2005)

e Unleaded gas helps create an unleaded
Columbia Gorge (Monday, October 15, 2007)



For all models...

Air quality estimates are quantitative but
relative.

With passive monitors we can calibrate scores
with actual deposition.

New plots can be scored for
air quality

With resurvey data, we can
do trend analysis




Climate

Lichens are useful for monitoring ecological impact
of climate change.

Lichens can be used to indicate shifts in temperature
and moisture

Over the last decade, the Dutch lichen monitoring
program (begun in 1950s) has documented

— Incursion of tropical/subtropical lichens into
temperate regions

— Declines in arctic-boreal and high elevation species.



Climate

« While related, lichen estimate of climate is more site-
specific than standard interpolated climate data (i.e.
more reflective of conditions in the forest interior)




Climate baseline data

 \We can map current
climate with lichen
communities

 \We can forecast whic
lichens are most
threatened by climate
changes

 We can infer threat to

S
h

dependent wildlife and

abiotic processes.
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Climate baseline data

* \We could/should develop habitat models
for lichens:

— How? use climatic envelope or nonparametric
regression to analyze baseline data

— Why? to predict how lichen ranges will shift in
response to climate change scenarios

— Result! a series of maps showing new ranges
across the landscape



Climate trend data

* Track lichen migrations for early warning of
climate shifts/ecological impact

« Several tropical/subtropical species that expand
with warming are weed-like (e.g. fast colonizers).

e Overall we expect major species shifts and
declines in lichen diversity over the next 50 to
100 years...



22 region-specific models for air quality and

climate monitoring
(a model costs ~45-50k)

I Sierra/S. Cascades/Modoc
Greater Central Valley
I South CA Coast
Great Basin/Semi-Dasert Boundaries

PNW East

Great Basin/Semi-desert States

B N Rockies Ecoregion Sections o
5 & M Rockies ,;.;1
Southwest i
Northeast .
Mid Atlantic ;/f-‘\
Ohio Valley 2 gea e

B S Florida '
Southeast L1 | a) Southeast/Southcentral

B Upper Midwest c) Southwest and Aleutian |



Progress Is slow...

Gradienl Regions
B PNW West
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Critical loads

Yosemite National Park, California



Critical loads

Critical load (CL): a quantification of the
loading of a pollutant that causes damage
to sensitive components of an ecosystem.




Critical loads

 CLs (some based on lichens) are widely used
for setting N and S emissions limits in the EU

« EPA, NPS, NFS, and various universities have
begun funding/promoting CL development to

— guide pollution permitting
— set target pollution loads for forests

— help land managers effectively monitor forest health
In Federal Class 1 areas.



Critical loads

o “A critical load developed for the most
sensitive resources should help protect all
resources In the area (Porter et al. 2005).”

* Due to their extreme sensitivity, lichens
are favored for development of
conservative CL for both N and S.



Critical loads

* FIA lichen indicator
data used for nitrogen
CL development in

— Southern Sierra Nevada, CA
(Fenn et al. in review)

— the western PNW (Geiser et al.
in review)

— the Columbia River Gorge
(Geiser et al. in review)

Multnomah Falls, Columbia River Gorge, OR



(From Fenn et al. in review)
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Result summary

 We determined a CL of 3.1 kg N/halyr for lichens

N sensitive forage lichens

» Sierra forests can still support a used for nesting/forage in
: - the Sierra Nevada
high abundance of N sensitive .. |

lichen species at this loading

 This N load is expected to protect
most/all components of the forest

ecosystem from adverse N effects.



Result summary

 Lichen CL = 3.1 kg N/halyr

 Background levels in the western U.S. = 0.25 kg N/halyr
(National Park Service)

e Qutside Los Angeles = 20 to 45 kg N/hal/yr (Fenn et al. 2003)




2 additional ecological
benchmarks...

(1) N tolerant species begin to
dominate lichen community at

5.2 kg N/halyr

(2) N sensitive species would be
extirpated at

10.2 kg N/halyr

Common N
tolerant species




Wrap up

Current applications

Biodiversity

Early warning for multiple
pollutants,

Early warning for climate
change

Development of N critical loads

Desired advancement

Track patterns over time
Development of models for more
regions

Calibrate preexisting models with
pollutant measurements
Predicting how climate will shift
lichen ranges

Develop critical N loads for more
ecosystems.
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Thanks!

Feel free to contact me with
guestions

Sarah Jovan

sjovan@fs.fed.us
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