Air Quality Biomonitoring in the Columbia River Gorge National Scenic Area by the
US Forest Service, 1993-2001.

Assessments of ecosystem disturbance, pollution accumulation, and threatsto cultural resour ces

7 LTULEFH  BACKGROUND

Good air quality is aprerequisite to healthy forest ecosystems. Air pollution stressesfrom
acid rain, sulfur dioxide, ozone, excess nitrogen, toxic metals and volatile organics have
multiple deleterious effects on basic biological processes such as photosynthesis, protein
synthesis, cell maintenance and reproduction. Sensitive plants, animals, fungi and microbes
may disappear or become unable to fulfill their ecological roles. Weedy or harmful species
may be favored. Nutrient cycles may be disrupted by addition of too much nitrogen or by

"ir changesin pH from acid rain. Detecting and delineating air pollution effects on forest
“F ecosystems is an important objective of the USFS Air Resource Management program.
. Since 1993, managers of the Columbia River Gorge National Scenic Areaand the
iz orw I Willamette, Siuslaw, Deschutes, Gifford Pinchot, Mt. Hood, Umpqua, Winema and
y, /A ; J Wallowa-Whitman National Forests and have pooled resources to undertake a unified
Fig. 1. USFS“e-li.rﬁquaIity approach for biomonitoring air quality using lichens (Fig 1). Because lichens are very
biomonitoring areas (inside sensitive to air pollution, they can be used as an early warning signal of adverse effectsto
red squares). the ecosystem. The presence and absence of certain lichen species, show us where air

pollution is beginning to affect the forest. Lichens also accumulate atmospheric pollutants
from precipitation and deposition into their tissue. Inthe USFS Pacific Northwest Region, chemical analysis of lichen tissue
is used to estimate the amount of pollutantsin rain and snow falling on forests.

FIELD WORK

Between 1994 and 2000, baseline lichen survey and tissue analysis data were collected from 189 plotsin the Columbia River
Gorge NSA. About 1680 plots were visited region-wide. Data are stored electronically at the Siuslaw National Forest and
are accessible at http://www.fs.fed.us/'r6/ag. Additional work was conducted to assess air quality near historic cultural sites
(rock art) on Miller Island in the Scenic Areaand along the Snake River in Hell’s Canyon. 1n 1998 and 2000, we visited
selected sites in the Scenic Areaand Columbia Wilderness to assess flourine pollution and effects on sensitive lichens.

WHAT WE'VE LEARNED

. . TR Wet deposition of sulfates, ammonia and nitratesin the Scenic Area, as

(=T  indicated by calibrated lichen data, was on average, significantly higher
than other national forests and comparable to levels observed in regional
urban areas. Sulfate and nitrogen wet deposition ranged from 1.5-10 and
0.7-2.7 kg/halyr, respectively and was greatest in the western half of the
Scenic Areawhere precipitation is highest (Fig 2).
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Lichen community effects. The Region’s 12 most sensitive, common

lichen species were absent, or present in minimal amounts (<40
individuals/acre), wherever sulfate or nitrogen deposition exceeded 6 or 1.5
kg/halyr, respectively (Fig 3). Several species could not be found at all in
the Scenic Area, despite the availability of suitable habitat (e.g., Fig 5).
Several pollution tolerant species, which thrive on eutrophied substrates
(rich in nitrogen and other plant nutrients such as sulfur and phosphorus),
were found to be unusually abundant in the Scenic Areaand sparse on other
national forests. Xanthoria polycarpa isone example (Fig 6).

Fig 3. Lobaria oregana, right, is
part of the unique biological
heritage of Pacific Northwest
forests. Despite an abundance
of suitable habitat in the western

. L : half of the Scenic Area, its
Fig. 2. Sulfate deposition in western OR and WA distribution there is very limited.

estimated from calibrated lichen data. Highest
deposition occursin the Scenic Area, adjoining
national forests, and the NE part of the Siuslaw NF.
Nitrogen deposition follows a similar pattern.




Area () Mean Range
Willamette N.F.  (213) 41 1.4-5.8
Gifford Pinchot N.F.  (162) 4.1 0-7.8
Mt. Hood N.F. (100 45 2.2-6.4
Siuslaw N.F.  (92) 5.6 1.9-10
Willamette Valley  (12) 6.3 5.3-8.8
Urban Parks  (29) 6.6 5.3-9.1
Columbia River Gorge N.S.A.  (31) 7.3 5.4-9.2

Fig 4. Air pollution scores based on lichen
communities. Adverse effects on species
composition and diversity were detected at most

of the 31 sitesrated in the Scenic Area.

Air pollution scor es based on lichen communities were calculated for plots
west of the Cascade Crest. In thisrating system, scores from 0-2 indicate very
low nitrogen and sulfur availability, scores from 3-6 correspond to areas with
highest abundance and diversity of air pollution-sensitive lichens. As scores
increased from 7-10, we observed increasing abundances of nitrogen-loving,
weedy species, declinesin total speciesdiversity, and declinesin abundance
and diversity of lichens sensitive to sulfur dioxide and acid rain. The average
pollution scorein the Scenic Areawas 7.3 (Fig 4).

Flourine

Lichens are very sensitive to fluorine pollution. Concentrations of flouride in
lichens collected from the Scenic Areawere under 10 ppm, indicating that
averageflourinelevelsintheair are unlikely to be harmful to vegetation. Itis

possible that a pulse of fluorine pollution occurred during the Winter or Spring of 2000. Lichens at Warren Lake exhibited
obvious bleaching, reddening and morphological alterations typical of flourine pollution, and a springtime water sample there

had anomalously high fluoride content.
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 Sulfur Pollution

Fig 5. Sensitive, ecologically important lichens, many endemic, are sparse to absent in the Scenic Areawhere acid rain is high. Map
on left indicates accumulation of sulfur in tissues of the common forest lichen, Platismatia glauca. Green and yellow dots indicate
background levels, red dots indicate elevated levels. Sulfur accumulation is used as an indicator of acid rain and sulfur dioxide
pollution. The map at right shows the distribution of the highly sensitive lichen, Nephroma bellum. Survey locations were 3.4 miles

apart throughout the green areas on both maps.

Background thresholdsfor toxic metals—how doesthe Scenic Area compareto other sites?

Sulfur, nitrogen, lead, cadmium, copper, and zinc concentrations in the most commonly collected lichen, Platismatia glauca,
were at or above provisional regional thresholds for background ranges at 100, 89, 36, 11, 6, and 19 % of locations visited,
respectively. Mean concentrations of these pollutants were significantly higher than means on the national forests and were

comparable to urban site means (Fig 6).
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Fig 6. On average, lichensin the Scenic Area accumulated significantly more sulfur, nitrogen and lead than surrounding national
forests; levels were comparable to urban areas. WIL= Willamette NF, GP= Gifford Pinchot NF, MTH = Mt. Hood NF, SIU= Siuslaw NF,
DES = Deschutes NF, VAL= Willamette Valley, URB= Urban, CRGNSA= Columbia River Gorge National Scenic Area.



Fig 7. Growth of pollution-loving, weedy lichens is enhanced where nitrogen pollution is high.
Map on |eft indicates nitrogen levelsin tissues of acommon lichen, Platismatia glauca. Green
and yellow dots indicate background levels, red dots indicate elevated levels. The map at right
shows the distribution of the excess nitrogen indicator lichen, Xanthoria polycarpa. Survey

locations were 3.4 miles apart throughout the green areas on both maps.

Archeological resour ces

The Scenic Areaand Hell’s Canyon National Recreation Area have been inhabited for thousands of years and contain arich
heritage of cultural sites, including rock petroglyphs and paintings. A monitoring program wasinitiated in 1998 and
augmented in 2000 to determine whether air pollution is a potential weathering agent at these sites. We learned that acid rain
may be aproblem at Miller Island, and that nitrogen pollution isrelatively high along the Snake River and itstributaries.
Future monitoring will quantify the concentration and chemistry of pollutants, determine the seriousness of the threat, and
document changesin rock art condition over time.

Fig 8. Slevelsintherock lichen
Xanthoparmelia, |eft, along the
Columbia and Snake Rivers were
elevated. These pollutants may be
harming nearby rock art, an important

cultural resource.

FUTURE WORK

In 2003, revisits of the initial monitoring plots are scheduled to begin. Thiswork will show uswhat changes have occurred
during the past 10 yearsin lichen communities, pollutant levelsin lichen tissue, and deposition of sulfur and nitrogen.

For further information, contact USFS Pacific Northwest Air Resource Management Program specialists Linda Geiser (Igeiser@fs.fed.us)
or Robert Bachman (rbachman@fs.fed.us). 09/27/01.




